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Washinoton,  D.  G.,  May  SI,  1917. 

Sib:  Pursuant  to  the  recommendation  of  the  executive  committee  of  the  Second 
Pan  American  Scientific  Oongrees,  which  was  held  in  Washington  December  27, 1915- 
January  8, 1916,  and  by  the  cooperation  of  the  United  States  Congress  (urgent  defi- 
ciency bill,  Sept.  8,  1916),  the  papers  and  discussions  of  that  great  international 
scientific  gathering  have  been  compiled  and  edited  for  publication  under  the  able 
direction  of  the  Assistant  Secretary  General,  Dr..  Glen  Levin  Swiggett.  In  this 
volume  is  contained  the  report  of  Section  II,  of  which  Dr.  R.  S.  Woodward,  of  the 
executive  committee,  was  chairman. 

In  my  formal  rei>ort,  which  has  already  been  submitted,  I  enlarged  upon  the 
importance  of  the  Second  Pan  American  Scientific  Congress,  its  large  attendance,  and 
the  high  quality  of  its  papers  and  discussions.  I  wiU,  therefore,  in  this  letter,  which, 
in  slightly  varied  form,  introduces  each  volume,  make  only  a  few  general  references. 

All  of  the  21  Republics  of  the  Western  Henusphere  were  represented  by  official 
delegates  at  the  Congress.  Unofficial  delegates,  moreover,  from  the  leading  scientific 
associations  and  educational  institutions  of  these  Republics  presented  papers  and 
took  part  in  its  deliberations.  The  papers  and  discussions  may  be  considered,  there- 
fore, as  an  expression  of  comprehensive  Pan  American  scientific  effort  and  possess, 
in  consequence,  inestimable  value. 

The  Congress  was  divided  into  nine  main  sections,  which,  with  their  chairmeD, 
were  as  follows: 

I.  Anthbopolooy.    W.  H.  Holmes. 

II.  AsTBONOMT,  Mbtkobolooy,  AND  Sbismolooy.    Robert  S.  Woodward. 

III.  CoNSEBYATiON  OF  Natubal  Rbsouboes,  Agriculture,  Irrigation,  and  Forestry. 

George  M.  Rommel. 

IV.  Education.    P.  P.  Claxton. 
V.  Enoinebbing.    W.  H.  Bixby. 

VI.  Intbbnational  Law,  Pubuo  Law,  and  JimisFBUDENCs.    James  Brown  Scott. 
VII.  MiNiNO,  Metallubgy,  Economic  Geology,  and  Applied  Chemistby.    Hen- 
nen  Jennings. 
VIII.  Public  Health  and  Medical  SaENCE.    William  C.  Gorgas. 

IX.  Tbanspobtation,  Commeboe,  Finance,  and  Taxation.    L.  S.  Rowe. 

These  sections,  in  turn,  were  further  subdivided  into  45  subsections. 

Over  200  delegates  were  in  attendance  from  the  Latin  American  Republics,  while 
over  a  thousand  from  the  United  States  participated  in  its  meetings.  The  discussiona 
and  proceedings  of  the  Congress  attracted  world-wide  attention,  and  it  was  undoubt* 
edly  the  greatest  international  scientific  meeting  that  has  assembled  anywhere  in  the 
history  of  the  Western  Hemisphere  and  possibly  of  the  world.  It  was,  therefore,  a 
fitting  successor  to  the  first  Pan  American  Scientific  Congress,  which  assembled  in 
Santia^,  the  capital  of  Chile,  in  1908,  and  to  its  predecessors,  confined  to  Latin 
American  representation,  which  in  former  years  met,  respectively,  in  Rio  de  Janeiro^ 
Montevideo,  and  Buenos  Aires.  Its  success  was  a  logical  result  of  these  preceding 
gatherings  in  Latin  America  and  of  the  hearty  cooperation  of  the  Latin  American 
Governments  and  scientists. 

To  those  who  may  have  their  attention  brought  only  to  the  individual  volumes 
covering  the  papers  and  discussions  and  who  wish  to  know  more  of  the  proceedings  of 
the  Congress  and  the  results  accomplished  by  it,  it  is  recommended  that  they  should 
6843^17  vn 
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also  read  "The  Final  Act— An  Interpretative  Commentary  Thereon,"  prepared  under 
the  direction  of  Dr.  James  Brown  Scott,  reporter  general  of  the  Congress,  and  the  report 
of  the  secretary  general,  prepared  by  the  latter  and  the  assistant  secretary  general. 
Dr.  Glen  Levin  Swiggett.  In  these  will  be  foimd  not  only  the  final  act  and  the 
illuminating  comment  thereon  but  lists  of  delegates,  participating  Governments, 
societies,  educational  institutions,  and  other  organizations,  together  with  a  careful 
story  and  history  of  the  Congress.  They  can  be  obtained  by  addressing  the  Director 
General  of  the  Pan  American  Union,  Washington,  D.  C. 

In  conclusion,  I  want  to  briefly  repeat,  as  secretary  general  of  the  Congress,  my 
appreciation,  already  expressed  in  my  formal  report,  of  the  hearty  cooperation  in 
making  the  Congress  a  success  given  by  everyone  concerned  from  the  President  of 
the  United  States,  yourself  as  Secretary  of  State,  and  the  delegates  of  Latin  America 
and  the  United  States,  down  to  the  office  employees.  The  great  interest  manifested 
by  the  permanent  executive  committee,  headed  by  Mr.  William  Phillips,  then  Third 
Assistant  Secretary  of  State,  the  Carnegie  Endowment  for  International  Peace  through 
its  secretary.  Dr.  James  Brown  Scott,  and  the  executive  aid  of  Dr.  Glen  Levin  Swig- 
gett, as  assistant  secretary  general,  were  vitally  instrumental  in  making  the  gathering 
memorable.  The  Pan  American  Union,  the  official  international  organization  of  all 
the  American  Republics,  and  whose  governing  board  is  made  up  of  the  Latin  American 
diplomats  in  Washington  and  the  Secretary  of  State  of  the  United  States,  lent  the 
favorable  influence  of  that  powerful  organization  to  the  success  of  the  Congress  and 
authorized  me  as  the  director  general  of  the  Union  to  also  take  up  the  duties  of  secretary 
general  of  the  Congress. 
Yours,  very  truly, 

(Signed)  John  Barrett, 


The  Honorable  The  Seorbtahy  of  State, 

Washington,  D.  C. 


Secretary  General. 


Wabhinoton,  D.  C,  W  (fe  maio  de  1917, 

ExMO.  Snr.:  Em  cumprimento  de  uma  recommenda9iU)  emanada  da  Commiss^o 
Executiva  do  S^:undo  Congresso  Scientifico  Pan  Americano,  que  teve  lugar  em 
Washington,  de  27  de  dezembro  de  1915  a  8  de  Janeiro  de  1916,  e,  devido  ao  auxilio  do 
Congresso  dos  Estados  Unidos  (Lei  para  Orgamentos  extraordinarios  de  8  de  setembro, 
1916)  as  memories  e  as  discussdes  dessa  assembl^a  scientiflca  intemacional,  foram 
coUigidas  e  preparadas  para  publicag^  sob  a  proficiente  direc^fU)  do  Secretario  Geral 
Adjuncto,  Dr.  Glen  Levin  Swiggett.  Este  volume  comprehende  o  relatorio  da  secgflo 
II  que  foi  presidida  pelo  Snr.  R.  S.  Woodward,  da  Commisi^  Executiva. 

No  meu  relatorio  official,  que  jd  tive  a  honra  de  apresentar,  me  detive  sobre  a  impor- 
tancia  do  Segundo  Congresso  Scientiflco  Pan  Americano,  da  sua  grande  concorrencia 
e  da  alta  importancia  das  theses  e  das  discussSes.  Na  presente  nota,  portanto,  de  uma 
maneira  muito  ligeira,  destinada  a  apresentar  cada  um  dos  volumes,  eu  farei  apenas 
algumas  referencias  muito  geraes. 

Todas  as  Kepublicas  do  Hemispherio  Occidental,  vinte  e  uma  em  numero,  se 
achavam  representadas  por  delegados  officiaes  ao  Congresso.  Del^adoe  sem  nomea- 
^  dos  Govemos,  mas  representando  as  mais  notaveis  sociedades  scientificas  e 
institui95es  de  ensino  dessas  republicas  apresentaram  theses  e  tomaram  parte  nag 
deliberaydes.  As  memorias  e  discussdes  devem  ser  consideradas  portanto,  como  a 
expressSlo  de  um  justificavel  trabalho  scientiflco  Pan  Americano  e  possue,  por  esEe 
motive,  um  valor  sem  egual. 

0  Congresso  foi  dividido  em  novo  socySes  principaes,  que  a  seguir  enum^ro,  com 
OS  nomes  dos  sous  presidentes: 

I.  Anthbopolooia.    W.  H.  Holmes. 

II.  AsTRONOMiA,  Metebeologia  e  Sismolooia.    Robert  S.  Woodward. 
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III.   CONBEBVA{;IO    DA    RlQUBZA    NaCIONAL,    AoRXCUI/TURA,    IBRIOA9XO    B    SlLVI- 

cuLTUKA.    George  M.  Rommel. 
IV.  IN8TRU09X0.    P.  P.  Claxton. 
V.  Enoenharia.    W.  H.  Bixby. 
VI.  DntBiTO    Intbbnacional,    Dnusrro    Pubuco    b    Jubisprudbncia.    James 

Brown  Scott. 
VII.  M1NA8,  Mbtalluroia,  Gboloqia  pRAoncA  B  Ohucioa  Industrial.     Hennen 

Jennings. 
VIII.  Saudb  Pubuca  b  SciBNCiAfl  Mbdicas.    William  C.  G<»gas. 

IX.   VlAS  DB  COMMUNICA9X0,   COMMBRGIO,   FlNAN^JAS  B  ImFO0TO8.      L.   S.   Rowe. 

Estas  secedes,  por  seu  lado,  eram  subdivididas  em  45  subsecydes. 

Mais  de  200  delegadoe  das  Republicas  da  America  Latina  frequentaram  as  sessOes 
emquanto  os  Estados  Unidos  se  achavam  repreeentadoe  por  mais  de  mil  peesoas.  As 
discussdes  e  os  relatorios  do  Ongreaso  attrahiram  a  attend  de  todo  o  mundo  e  foi 
sem  duvida  a  maior  assembled  scientifica  que  se  realizou  no  Hemispherio  Occidental 
e  talvez  em  todo  o  mundo.  Foi  sem  duvida  um  idoneo  continuadc»r  do  Primeiro  Con- 
gresBo  Scientifico  Pan-Americano,  que  se  celebrou  em  Santiago,  capital  da  Republica 
Chilena  em  1908  e  das  anteriores  assembleas  que  previamente  se  tinham  realizado, 
apenas  com  delegados  da  America  Latina  e  que  se  reuniram  em  annos  anteriores  no 
Rio  de  Janeiro,  Montevideu  e  Buenos  Aires.  O  seu  successo  foi  um  resultado  logico 
das  reuniOes  previas  na  America  Latina  e  do  cordial  concurso  dos  Govemos  da  America 
latina  e  dos  sens  homens  de  sciencia. 

A  aquellee  que  n&o  quizerem  limitar-ee  a  consultiff  os  volumes  que  contto  as 
memorlas  e  as  discussdes  e  que  desejarem  conbecer  alguma  cousa  mais  doe  trabalhos 
do  Congresso  e  dos  resultados  por  elle  alcan^ado  se  Ihes  recommenda  a  leitura  da 
Acta  Final — a  exposi^So  geral  concemente  4  mesma — ^publicada  sob  a  direcyfto  do 
Sr.  Dr.  James  Brown  Scott,  Relator  Geral  do  Congresso,  e  o  relatorio  do  Secretaiio 
Geral,  preparado  pelo  abaixo  assignado  e  pelo  Secretario  Geral-'Adjuncto  Sr.  Dr. 
Glen  Levin  Swiggett.  Nestes  trabalhos  encontrar-se-hAo  nlU>  s6mente  a  acta  final 
mas  tambem  um  magnifico  commentario,  a  lista  doe  delegadoe  doe  Govemos  que 
adheriram,  sociedades,  institui^des  de  ensino  e  outras  corporayOee,  seguidas  de  uma 
cuidadoea  historia  do  Congresso.  Estes  volumes  continuam  &  dlepoei^  dos^que  os 
pedirem  ao  Director  Geral  da  Uni2o  Pan-Americana,  Washington,' D.  C. 

Em  conclusSo,  eu  desejo  repetir,  em  duas  palavras,  como  Secretario  Geral  do  Con- 
gresso, o  meu  apre^o  e  reconhecimento,  que  j&  tive  occasi&o  de  exprimir  no  meu 
relatorio  official,  pela  cordial  coopera^fto  que  por  todos  me  foi  prestada  para  levar 
a  bom  exito  este  congresso,  deede  o  Preeidente  dos  Estados  Unidos,  V.  Exa.,  como 
Secretaiio  d'Estado,  os  Senhores  Delegados  da  America  Latina  e  doe  Estados  Unidos 
at^  OS  dlversoe  funccionarios  do  Congresso.  0  grande  interesse  manifestado  pela 
Commiss&o  Permanente  Executiva  presidida  pelo  Sr.  William  Phillips,  ao  tempo 
terceiro  Sub-secretario  d'Estado,  pelo  Instituto  de  Carnegie  para  a  Paz  Intemacional 
na  pesBoa  do  Sr.  Dr.  James  Brown  Scott,  asaim  como  a  collaborayfto  prestada  pela  Sr.  Dr. 
Glen  Levin  Swiggett,  como  Secretario  Geral  Adjuncto,  constituiram  obras  basilares 
para  o  successo  desta  reuni&o. 

A  UniAo  Pan-Americana,  instituig&o  intemacional  sustentada  por  todas  as  Repu- 
blicas Americanas  e  cujo  Conselho  de  Administragao  6  constituido  pelos  represen- 
tantes  diplomaticos  em  Washington  e  pelo  Secretario  d'Estado  dos  Estados  Unidos, 
contiibuiu  com  a  sua  poderosa  influencia  para  o  bom  exito  do  Congresso  e  me  aucto- 
rizou  a  servir  de  Secretario  Geral  do  Congresso. 

Com  a  maior  considera^,  subscrevo-me 

De  V.  Exa., 
Vor.  Mto.  Atto., 

John  Barrett, 

Secretario  OeraL 

Exmo.  Snr.  Secretario  de  Estado, 

Washington,  D.  C. 
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Washington,  D.  C,  31  de  mayo  de  1917. 
SKfJou: 

En  cumplimiento  de  una  recomendaci6n  emanada  de  la  Comisi6n  Ejecutiva  del 
Segundo  Gongreso  Gientifico  Panamericano  que  se  reum6  en  Washington  deede  el 
27  de  diciembre  de  1915  hasta  el  8  de  enero  de  1916  y  gracias  a  la  eooperaci6n  al  efecto 
prestada  por  el  Congreso  de  los  Estados  Unidos  mediante  su  ley  sobre  rectificaci6n  del 
presupuesto  dictada  el  8  de  eetdembre  de  1916,  h&nse  recopUado  y  preparado  para 
se  publicaci6n,  bajo  la  hiU>il  direcci6n  del  Sr.  Dr.  Glen  Levin  Swiggett,  Subsecretario 
Genera],  las  memorias  presentadas  a  dicho  Congreeo  y  los  debates  a  que  dieron  lugar. 
El  presente  volumen  contiene  el  informe  relativo  a  la  Secci6n  II,  de  la  cual  fu6 
presidente  el  Sr.  R.  S.  Woodward,  miembro  de  la  Gomi8i6n  Ejecutiva. 

En  el  informe  general  que  ya  tuve  el  honor  de  presentarle,  me  fu6  dable  considerar 
detenidamente  la  importancia  del  Segundo  Gongreso  Gientifico  Panamericano,  la 
nimierosa  concurrencia  que  al  mismo  asistid  y  el  elevado  mdrito  de  las  memorias 
presentadas  y  de  los  debates  que  en  aquel  se  suscitaron.  Por  consiguiente,  he  de 
limitarme  en  la  presente,  destinada  a  servirle  de  mera  introducci6n  a  cada  uno  de  los 
voldmenes,  a  algunas  consideraciones  de  car^ter  general. 

En  el  Gongreso  estuvieron  representadas  por  medio  de  delegaciones  oficiales  las 
veinte  y  una  reptiblicas  del  Hemisferio  Occidental.  Tambi^n  asistieron  al  mismo, 
tomando  participaci6n  en  sus  debates  y  presentando  trabajos  personales,  delegados 
particulares  de  los  principales  cuerpos  cientfficos  y  de  los  institutes  docentes  de  esas 
mismas  reptiblicas.  En.tal  virtud,  las  memorias  y  los  debates  mencionados  deben  ser 
considerados  como  la  expresi6n  de  un  amplio  esfuerzo  cient(fico  panamericano, 
encerrando,  por  lo  tanto,  un  valor  inestimable. 

El  Gongreso  estuvo  dividido  en  nueve  secciones  principales  que  en  s^^uida  paso  a 
enumerar  junto  con  el  nombre  de  sus  presidentes.    Fueron  las  siguientes: 

I.  AntbopolooIa.    W.  H.  Holmes. 

II.  AsTRONOiiiA,  MsTBOROLOoiA  T  SiSMOORAFfA.    Robert  S.  Woodward. 

III.  GON8BRVAa6N   DB   LAS    FUBNTBS    NaTURALES   DB    RiQUBZA,   AqRIOUI/TURA, 

lRRiGAa6N  T  Selvictjltitra.    George  M.  Rommel. 

IV.  In8truoci6n.    p.  p.  Glaxton. 

V.  fNGBNiBRiA.    W.  H.  Bixby. 

VI.  Dbrbcho  Intbrnacional,  Dbrbcho  Pt^BUco  T  JuRispRUDBNCiA.  Jamos 
Brown  Scott. 

VII.  MiNBRiA,  Metaluroia,  GEOLOoiA  Econ5mica  t  QuImiga  Apucada.  Hen- 
nen  Jennings. 

Vni.  Salubridad  Pi^buca  t  Gibncia  MAdioa.    William  G.  Gorgas. 

IX.  Trasporte,  GoMBRao,  FiNANZAS  B  Impubstos.    L.  S.  Rowe. 

Estas  secciones  estuvieron  dividas,  a  su  vez,  en  cuarenta  y  cinco  subsecciones. 

De  las  repdblicas  latino-americanas  asistieron  m^  de  doscientos  delegados;  en 
tanto  que  las  sesiones  del  Gongreso  concunieron  m^  de  mil  personas  de  los  Estados 
Unidos.  Los  trabajos  y  debates  del  cuerpo  despertaron  universal  interns,  pues  indu- 
dablemente  fu6  aquel  la  asamblea  cientifica  m^  grande  que  registra  la  historia  del 
Hemisferio  Occidental  y  probablemente  la  del  mundo.  £l  fu6,  en  consecuencia,  digno 
continuador  del  Primer  Gongreso  Gientifico  Panamericano  que  en  1910  se  reuni6  en 
la  capital  de  Ghile  y  de  los  que  previamente  y  con  una  asistencia  exclusivamente 
latino-americana  se  habfan  congregado  en  Rio  de  Janeiro,  Montevideo  y  Buenos 
Aires.  Su  ^xito  fu6  consecuencia  l^ca  de  las  asambleas  que  anteriormente  se  habfan 
reunido  en  la  America  latina  y  del  cordial  conciurso  que  recibi6  de  los  gobiemos  y 
de  los  hombres  de  ciencia  de  esa  misma  parte  de  America. 

A  cuantos  no  quisieren  limitarse  a  consultar  los  voMmenes  que  contienen  las 
memorias  y  los  debates  y  desearen  conocer  algo  m^  de  las  labores  del  Gongreso  y  de 
los  resultados  por  61  alcanzados,  se  les  recomienda  la  lectura  del  Acta  Final  y  de  la 
Expo8ici6n  General  concemiente  a  la  misma  que  escribid  el  Dr.  James  Brown  Scott, 
Tnformante  General  del  Gongreso,  asf  como  el  Informe  del  Secretario  General,  prepa- 
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rado  por  el  suscrito  y  por  el  Dr.  Glen  Levin  Swiggett,  Subsecretario  General  del 
miBmo.  En  eetoe  docomentoe  podr^  hallar  no  86I0  el  Acta  Final  y  luminosas  consi- 
deraciones  acerca  de  la  miema,  sino  tambi^n  la  n6mina  de  loe  del^adoe  y  de  los 
gobiemos,  sociedades  e  institutoe  docentes  que  tuvieron  repreeentacidn  en  la  Asamblea, 
juntamente  con  una  relaci6n  puntualizada  de  lae  laboree  de  la  misma.  Loe  que  deseen 
obtener  eetoe  voltimenes  pueden  solicitarlos  del  Director  General  de  la  Uni6n  Pan- 
americana  en  W^bhington,  D.  G. 

Como  Secretario  General  del  Gongreso  deeeo  hacer  constar  una  vez  m^,  antes  de 
concluir,  el  agradecimiento  que  en  mi  informe  general  expree6  por  el  cordial  concurso 
que  de  todoe  recibi  para  aeegurar  el  ^xito  del  Congreeo,  deode  el  Preeidente  de  loe 
Estados  Unidoe  y  ueted  miamo  como  Secretario  de  Estado  y  deode  los  del^:ado6  de 
la  Am^ca  Latina  y  de  loe  Estados  Unidos  hasta  los  diversos  funcionarioe  del  Congreeo, 
El  gran  inter^  desplegado  por  la  Comieidn  Permanente  Ejecutiva,  que  pre8idi6  el 
8r.  William  Phillips,  a  la  8az6n  Tercer  Subsecretario  de  Estado;  por  la  Fundaci6n 
Carnegie  para  la  Paz  Intemacional,  por  el  6rgano  de  su  Secretario,  Dr.  James  Brown 
Scott;  asi  como  la  colaboraci6n  del  Dr.  Glen  Levin  Swiggett,  Subsecretario  General, 
contribuyeron  poderosamente  a  hacer  memorable  la  asamblea.  La  Uni6n  Pan- 
americana,  institucidn  intemacional  sostenida  por  todas  las  reptlblicas  de  America  y 
cuyo  Consejo  Directive  estd  formado  por  los  representantes  diplom&ticos  latino- 
americanos  reeidentes  en  Washington  y  por  el  Secretario  de  Estado  de  los  Estados 
Unidos,  contribuy6  con  su  poderosa  influencia  al  ^xito  del  Congreeo  y  me  autoriz6 
para  que  desempefiara  las  funciones  de  Secretario  General  de  aqu61. 

Con  sentimientos  de  la  m^  alta  consideraci6n  me  subscribe 
De  usted  muy  atento  servidor, 

John  Babbbtt, 
Secretario  General. 

Al  Honorable  Secretario  de  Estado, 

Wdshington,  D.  C. 


Washington,  D.  C,  Le  SI  mat  1917. 

Monsieur:  Conform6ment  k  la  recommandation  du  Comity  Ez6cutif  du  Second 
Congr^  Scientifique  Panam6ricain  qui  a  eu  lieu  It  Washington  du  27  d^embre  1915 
au  8  Janvier  1916,  et  par  la  cooperation  du  Congr^  des  ^tats-Unis  (loi  du  budget 
extraordinaire,  8  septembre  1916),  lee  m^moires  et  discussions  de  cette  grande  reunion 
Bcientifique  intemationale  ont  6t6  recueillia  et  6dit6s  pour  6tre  publics  sous  Thabile 
direction  du  docteur  Glen  Levin  Swiggett  0OU8-eecr6taire  g^n^ral.  Ce  volume  con- 
sent le  rapport  de  la  section  II,  dont  M.  R.  S.  Woodward  du  Comit6  Ez6cutif  ^tait 
prudent. 

Dans  mon  rapport  officiel  qui  a  ^t6  d6j4  soumis,  je  me  suis  ^tendu  sur  Timportance 
du  Second  Congr^  Scientifique  Panam^ricain,  sur  le  grand  nombre  de  personnes  qui 
y  ^talent  prdsentes  et  sur  Tezcellence  de  ses  m^moires  et  de  see  discussions.  C^est 
pourquoi,  dans  cette  lettre  qui,  apr^  avoir  subi  quelques  changements  sans  impor- 
tance sort  d Introduction  k  chaque  volume,  je  n'en  parlerai  que  d'une  mani^re 
g^^rale. 

Toutes  lee  r^publiquee  de  rH^misphdre  Occidental  au  nombre  de  vingt-et-ime 
etaient  represent^  au  Congrte.  De  plus,  des  d^l^^s  k  titre  officieuz  envoy^s 
par  les  associations  scientifiques  et  lee  institutionB  6ducativee  lee  plus  en  vue  de  ces 
r^publiquee  ont  soumis  dee  m6moires  et  ont  pris  part  aux  deliberations.  On  pent 
done  considerer  lee  memoiree  et  les  discussions  comme  Texpression  d'un  grand  effort 
scientifique  panam^ricain,  possedant  en  consequence  une  valeur  inestimable. 

Le  Congrte  etait  divise  en  neuf  sections  principales  que  nous  enumerons  ci-dessous, 
en  donnant  le  nom  de  leurs  presidents. 

I.  Antropoloou.    W.  H.  Holmes. 

II.  Astronomib,  MiTifeoROLOOiB  BT  SiSMOLOGiE.    Robert  S.  Woodward. 
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III.  Conservation  dbs  Rbssourcbs  Naturbllbs,  Aqrj^ 

BT  ForAts.    George  M.  Rommel.  ^^^fi«,    Jrbjoation 

IV.  Instruction  Pubuqub.    P.  P.  Glaxton. 

V.  GAnib  Civil.    W.  H.  Bixby. 

VI.  Droit  Intbrnational,   Droit  Pubuc  et  Jubisprudbkcr      t  

Scott.  -^^^^^  ^^'^ 

VII.  Mines,  MixALLUROiE,  G4olooib  Pratiqub,  bt  Chimie  AppLiQurfB. 
Hennen  Jenninfi^B. 

VIII.  Sant4  Pubuqub  ft  Science  MioiCALB.    William  C.  Gorges. 

IX.  Transport,  Commerce,  Finance  et  iMi-dr.    L.  S.  Rowe. 

A  leur  tour  cee  Beotions  6taiect  subdivw^  en  quarante-cinq  BouB-sections. 

On  y  comptait  plu8  de  deui  rents  d^l^gn^B  des  r^publiques  latino-aiii^ricainei^,  et 
plus  do  mille  d^l^gu^s  des  ]£tat8-Unis  ont  assist^  aiw  reunions.  I^s  discussions  et 
lee  pn^c^-verbaux  du  Congr^s  ont  attir^  Tatrention  du  monde  entier,  et  il  a  ^t^  sans 
le  moindre  doute  la  plus  grande  assemble  scieptifique  intemationalp  de  Vhistoire 
de  TH^misph^re  Occidental,  et  peut-dtre  m^me  du  monde  entier,  qui  se  soit  r^unie  jus- 
qu'ici.  Venant  aprfes  le  Premier  Cong^^B  Scientifique  Panam6ricain  qui  s'est  r6uni  h 
Santiago,  capitale  du  Chili,  en  1908,  et  aprfts  ceux  qui  ont  eu  lieu  pr6c6demment,  respec- 
tivement  k  Rio  de  Janeiro,  k  Montevideo  et  k  Buenos- Ayres,  ces  demiers  n'ayant  que 
des  repr^aentants  de  T AmMque  Latine,  il  s'est  montr^  leur  digne  succeseeur.  Ss  r6us- 
site  a  6t6  un  logique  r^sultat  de  ces  pr6c^onts  conoours  dans  TAm^rique  Latine  et  de 
la  sincere  et  cordiale  cooperation  des  gouvemements  et  des  hommes  de  science  de 
rAm6rique  Latine. 

Pour  ceux  qui  n'ont  port^  leur  attention  que  sur  les  volumes  renfennant  lea  m^moires 
et  le«  discussions,  et  qui  d^sureraient  connattre  d'une  mani^ro  plus  approfondie  les 
uetes  et  oroc^s-verbaux  du  Congr^s,  ainsi  que  les  r&ultots  qui  8*en  sont  suivis,  je  leur 
ronseillerai  de  lire  "L'acte  Final,  Commentaire  explicptif,**  r^dig^  sons  la  direction 
d  ti  docreur  James  Brown  Scott,  rapporteur  g^n^ral  du  Congr^,  et  le  rapport  du  Secre- 
taire Gen^ntl  r6dig6  par  ce  dernier  et  le  docteur  Glen  Levin  Swiggett.  En  les  lisant 
oa  n'y  trouvera  pas  seulement  TActe  Final  et  le  commentaire  explicatif,  mais  encore 
led  lidtes  des  deiegu6s,  des  gouvemements  qui  ont  particip^  au  Congr^,  dos  soci^t^s, 
des  institutions  educatives  et  autres,  en  m^e  tempj  qu'un  compte  i-endu  9oign6 
ainai  que  I'histoire  du  Congr6s.  On  peut  se  les  procurer  en  faisant  une  demande  par 
^(■rit  au  Dirocteur  General  de  TUnion  Panameri^^aine  k  Washington,  D.  C. 

En  tenninant,  je  vais  en  quality  de  Secretaire  General  du  Congr^s  exprimer  de 
nouveau  en  peu  de  mots  mes  remercfments,  ce  que  j'ai  d^j^  fait  dans  mon  rapport 
ofliciel  pour  la  part  que  chacun  a  eue  dans  la  r^ussite  du  Congr^s  depuis  le  President 
des  ^tats-Unis,  vous  comme  Secretaire  d'etat,  les  deiegues  de  I'Amerique  Latine  et 
ceux  des  £tats-Unis  jusqu'aux  employes  de  bureau.  Le  haut  inter^t  manifeste  par 
le  Comite  Executif  permanent  preside  par  M.  William  Phillips,  qui  etait  alors  troisi^me 
8ous-Secretaire  d'fitat,  par  la  Fondation  Carnegie  pour  la  Paix  Internationale,  par 
Tentremise  de  son  secretaire  le  docteur  James  Brown  Scott,  et  I'aide  pr§te  dans  i'exe- 
cution  par  le  docteur  Glen  Levin  Swiggett,  comme  sous-secretaire  general,  ont  puissam- 
ment  contribue  k  faire  de  ce  Congr^s  un  evenement  memorable.  L* Union  Panameri- 
caine,  administration  officielle  intemationale  de  toutes  les  republiques  americainesr 
et  dont  le  Comite  d'Administration  est  compose  des  diplomates  latino-americains  k 
Washington  et  du  Secretaire  d'fitat  des  Etats-Unis,  a  use  de  sa  favorable  influence  pour 
assurer  le  succ^  du  Congr^s  et  m'a  autorise,  en  qualite  de  Directeur  General  de 
P Union,  k  prendre  en  mains  les  responsabilites  de  Secjretaire  General  du  Congr^s. 

Veuillez  agreer,  M.  le  Secretaire  d*Etat,  en  mdme  temps  que  mes  respectueux 
liommages  I'assurance  de  mon  entier  devotkment, 

John  Barrett, 

Secretaire  GSniral. 

Monsieur  le  Secretaire  d'J^tat, 

Washington^  D.  C. 


REGISTER  OF  WRITERS  OF  PAPERS. 


Alexander,  William  H 65 

Alvarez  Lleras,  J<»^ 742 

Arctowski,  Henryk 172 

Aguilar,  F^lix 110 

Barbate,  jr.,  Geraito 561 

Barberena,  Santiago  1 642 

Bailey,  Solon  1 12 

Bauer,  L.  A 20 

Bazzano,  Hamlet 234, 723 

Beak,  Edward  A 257 

Blair,  William  R 632 

Bowie,  William 280,286 

Brashear,  John  A 289 

Brown,  Emeet 271 

Carbonell,  Luis  G.  y 736 

Church,  jr.,  J.  E 496 

Clayton,  H.H 738 

Cline,  Isaac  M 481 

Cox,  Henry  J 432 

Delavto,  Pablo  T 110 

Devereaux,  W.  C 825 

Douglass,  A.  E 570 

Emigh,  Eugene  D .* 675 

Esquerr^,  Pedro 561 

Fassig,  Oliver  L 460 

Frankenfield,  H.  C 249,659 

Gajardo  Reyes ,  Ismael 116 

GaUn,  Antonio  S.J 475 

Garcia  Aparido,  Benjamin 304 

Glancy,  A.  Estelle 106 

Gutierrez-Lanza,  Mariano,  S.J 132 

Henry,  Alfred  J 67 1 

Hobbs,  William  H 179 

Humphreys,  W.  J 689, 697 

Huntington,  Ell8w<»rth -% 411 

Huflsey,  William  J 17 

Kimball,  Herbert  H 549 

Knoche,  Walter 730 

KuUmer,  C.  J 338 

Landa,  Luis 727 

Lurquin,  Constant 704 

Marvin,  Charles  P 768 

Mate,  Silvestre 319 

xm 


XIV  REGISTER   OF   WRITERS    OF   PAPERS^ 

Page.' 

Millas  y  Kem&jidez,  Job6  Carloe 42 

Miller,  Eric  Rexford 189 

Monteesusde  Ballore,  Gonde  de 644 

Morandi,  Luis 225, 779 

Negri,  Galdino 322 

Perrine,  C.  D 93 

Reed ,  William  Gardner 593 

Roletti,  JuHo  A 28 

Sarasola,  Simon,  S.  J 36 

Searee,  Frederick  H 293 

Smith,  J .  Warren 75 

Sturzenecker,  GastiU)  Ruch 310 

Swann,  W.  F.  G 579 

Thieseen,  Alfred  H 205 

Tufifio,  Luis 831 

Ugueto,  Luis 715 

Von  Herrmann,  Charles  F 199 

Voorhees,  J.  F 127 

Ward,  Robert  de  0 393 

Wells,  Edward  Lansing 240 

Woodward,  Robert  S 278 

Zimmer,  M.  L 102 


FOREWORD. 


The  sciences  of  astronomy,  geodesy,  meteorology,  and  seismology 
are  peculiarly  international.  They  are  of  profomid  theoretical  and 
practical  interest  to  all  peoples  and  to  all  countries.  It  is  not  sur- 
prising, therefore,  that  the  section  of  the  Congress  devoted  to  these 
sciences  should  have  begun  its  work  promptly  and  continued  its 
sessions  with  little  interruption  to  the  end  of  the  period  of  time  ' 
allotted. 

By  reason  of  the  wide  extent  of  the  fields  included  in  these  sciences 
the  section  foimd  it  advantageous  to  divide  itself  into  two  sub- 
sections, one  devoted  to  astronomy  and  geodesy  and  the  other  to 
meteorology  and  seismology.  The  initial  meeting  and  several  sub- 
sequent meetings  were  held  jointly,  however,  by  the  two  sections  for 
discussion  of  matters  of  common  interest. 

Unfortunately  for  the  Congress,  and  especially  for  the  representa- 
tives of  science  in  the  United  States,  the  period  during  which  the 
conferences  were  held  was  coincident  with  convocation  week,  during 
which  the  American  Association  for  the  Advancement  of  Science  and 
its  affiliated  societies  had  arranged  to  meet  in  Columbus,  Ohio.  The 
American  Association  for  the  Advancement  of  Science  closed  its 
sessions,  however,  earlier  than  usual  in  order  that  certain  of  its 
delegates  could  come  to  Washington  and  participate  in  the  Congress 
before  the  end  of  the  week  devoted  to  it.  Thus  it  was  practicable  for 
Prof.  W.  W.  Campbell,  president  of  the  association,  to  deliver  a 
semipopular  address  on  tiie  evolution  of  the  stars  in  honor  of  the 
Congress. 

The  important  and  highly  gratifying  results  of  the  work  of  Section 
II  are  embodied  in  the  resolutions  already  published  in  the  Acta  Final 
of  the  Congress.  These  resolutions  met  with  the  unanimous  approval 
of  the  section,  and  it  is  hoped  that  they  may  serve  as  first  steps  in  a 
progress  which  may  proceed  without  interruption  for  centuries  to 
come. 

The  chairman  is  glad  to  make  use  of  this  opportunity  to  express 
his  obligations  to  all  members  of  the  section,  and  especially  to  Prof. 
C.  F.  Marvin,  of  the  United  States  Weather  Bureau,  who  served  as 
chairman  of  the  Subsection  of  Meteorology  and  Seismology,  for 
cordial  cooperation  and  assistance  rendered  in  the  varied  and  arduous 
work  of  this  section.  The  spirit  of  cooperation  which  prevailed  in  all 
of  this  work  was  in  every  way  worthy  of  the  altruistic  objects  of  the 
sciences  to  which  the  section  was  devoted. 

Robert  S.  Woodward, 

Chairman. 
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AIMS  AND  PURPOSES. 

The  congress,  in  accordance  with  its  high  aims  and  purposes, 
namely,  to  increase  the  knowledge  of  things  American,  to  dissemi- 
nate and  to  make  the  culture  of  each  American  country  the  heritage 
of  all  American  Republics,  to  further  the  advancement  of  science 
by  disinterested  cooperation,  to  promote  industry,  inter-American 
trade  and  commerce,  and  to  device  the  ways  and  means  of  mutual 
helpfulness  in  these  and  in  other  respects  considered  the  following 
general  program  of  subjects,  divided  into  appropriate  sections  and 
subsections. 

SECTION  IL— ASTRONOMY,  MBTEOROLOGT.  AND  SEISMOLOGY. 

ASTRONOMY. 

x 

Status  of  astronomical  work  at  the  principal  observatories  of 
South  America;  astronomical  work  at  Lick  Observatory  and  at 
Mount  Wilson  Solar  Observatory ;  project  for  determining  the  flat- 
tening of  the  earth's  surface  by  simultaneous  observations  of  the 
moon  from  stations  in  North  and  South  America. 

GEODESY. 

Project  for  the  extension  of  an  international  net  of  primary  trian- 
gulation  covering  all  the  countries  from  Patagonia  to  Alaska,  includ- 
ing azimuth,  latitude,  longitude,  and  gravimetric  determination  over 
the  entire  continent;  detailed  figures  showing  the  costs  in  recent 
geodetic  experience  of  the  field  work  essential  to  the  preceding  proj- 
ect; present  status  of  magnetic  surveys  in  South  America  and  the 
need  especially  of  additional  observatories  there  for  determining  the 
secular  variations  of  the  magnetic  elements. 

METEOROLOGY. 

Meteorological  data  and  ways  and  means  of  recording  and  using 
them;  climatology  and  the  application  of  available  knowledge  to 
agriculture,  navigation,  and  conservation  of  crop  and  forest  re- 
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sources;  weather  forecasts  and  desirability  of  additional  interna- 
tional observations  on  which  world  weather  maps  may  be  based; 
secular  meteorology,  involving  climatic  changes,  migrations  of  popu- 
lations, alternations  of  arid  and  humid  conditions  over  the  same  area, 
etc.;  atmospheric  electricity,  solar  radiation,  cyclonic  and  magnetic 
storms. 

SEISMOLOGY. 

Physical  bases  of  modem  seismology  and  methods  of  observing 
and  recording  data ;  pres^it  status  of  the  science  and  needs  for  fur- 
ther advances;  organization  and  development  of  seismological  serv- 
ices in  various  countries. 


RESOLUTIONS  AND  RECOMMENDATIONS. 

The  Second  Pan  American  Scientific  Congress  considered  and  dis- 
cussed the  subjects  set  forth  in  its  program  in  the  light  of  an  intel- 
lectual Pan  Americanism  in  a  series  of  meetings  from  December  27, 
1916,  to  January  8,  1916,  and  adopted  resolutions  and  recommenda- 
tions pertinent  to  the  work  of  the  nine  main  sections  of  the  congresa 

The  following  reconmiendations  refer  to  Section  II : 

Abticijs  3. 

The  Second  Pan  American  Scientific  Congress  recommends  that 
the  American  Republics  undertake  as  soon  as  practicable. 

(a)  Accurate  geodetic  measurements  which  may  serve  to  deter- 
mine limits,  national  and  international,  and  to  contribute  to  the 
discovery  of  the  true  shape  of  our  planet. 

(6)  Magnetic  measurements  of  their  respective  areas  and  the 
establishment  of  several  permanent  magnetic  observatories  in  which 
it  may  be  possible  to  carry  on  during  long  periods  of  time  observa- 
tions concerning  the  secular  variation  of  the  magnetic  elements  of 
the  earth. 

(c)  To  extend  their  gravimetric  measures,  obtained  by  means  of 
the  pendulum,  to  those  regions  where  such  measurements  have  not 
been  undertaken,  in  order  to  obtain  more  information  to  determine 
the  true  shape  of  the  surface  and  the  distribution  of  the  terrestrial 
mass. 

Abticle  4. 

The  Second  Pan  American  Scientific  Congress  recommends  that 
the  nations  of  the  American  Continent  establish,  by  means  of  their 
oflSces  of  geodesy  or  by  committees  appointed  for  that  purpose,  an 
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international  triangulation ;  the  Governments  of  the  American  na- 
tions reach  an  agreement  for  the  purpose  of  creating  office  or  con- 
gress of  cartography  and  geography. 

Abtigle  6. 

The  Second  Pan  American  Scientific  Congress  confirms  the  reso- 
lution recommended  to  the  American  Eepublics  by  the  First  Pan 
American  Scientific  Congress  regarding  the  installation  of  meteoro- 
logical organizations  to  serve  as  a  basis  for  the  establishment  of  a 
Pan  American  meteorological  service,  and  expresses  the  desire  that 
the  Republics  not  yet  possessing  organized  meteorological  services 
establish  such  as  soon  as  may  be  practicable. 


FIRST  SESSION  OF  SUBSECTION  A,  ASTRONOMY  AND 
GEODESY,  OF  SECTION  IL 

ASTRONOMY,  METEOROLOGY,  AND  SEISMOLOGY. 


Carnegie  Institution, 
Tuesday  morning^  Decerriber  28^  1916. 

Chairman,  Robert  S.  Woodward. 

The  meeting  was  called  to  order  at  10.15  o'clock  by  the  chairman. 

The  Chairman.  Delegates  and  gentlemen  of  the  section  of  astron- 
omy, meteorology,  and  seismology,  yesterday  we  heard  much  con- 
cerning the  diplomatic  aspects  and  needs  of  the  congress.  To-day, 
in  the  several  sections,  we  take  up  the  work  which  belongs  more  fit- 
tingly to  the  scientific  part  of  the  congress. 

Before  proceeding  to  the  work  which  falls  to  this  section  I  would 
like  to  extend  to  the  delegates  and  members  of  the  congress  a  hearty 
welcome  on  behalf  of  the  Carnegie  Institution,  of  Washington,  of 
which  this  building  is  the  central  or  administrative  office.  We  have 
in  this  building  facilities  which  I  trust  will  meet  all  of  our  needs, 
and  I  would  like  to'  have  you  feel  quite  at  home  here. 

Perhaps  I  should  explain  to  you  briefly  some  of  the  features  that 
it  may  be  worth  your  while  to  know  more  about  in  respect  to  the 
institution.  As  I  said,  this  is  our  administrative  office.  In  this 
building  we  have  quartered  one  or  two  divisions  devoted  to  admin- 
istration and  to  the  publication  of  the  proceedings  or  of  the  work  of 
the  institution. 

Just  now  we  are  installing  in  the  rooms  of  the  uppermost  floor 
the  exhibits  which  have  recently  been  on  view  at  the  Panama-Pacific 
Exposition.  To-morrow  we  shall  have  all  of  those  exhibits  in  order, 
so  that  when  you  have  leisure  to  wander  about  the  building,  as  I 
trust  you  may  have,  you  may  be  interested  to  see  what  those  exhibits 
are.  I  would  further  call  your  attention  particularly  to  our  publica- 
tions. The  institution  has  thus  far  published  something  like  300 
volumes  of  investigation  on  a  great  variety  of  subjects — something 
like  30  dillerent  subjects.  You  will  also  be  able  to  see,  in  a  way, 
what  the  institution  has  done  in  these  various  departments  of  re- 
search, only  a  few  of  which  are  quartered  here  in  the  city  of  Wash- 
ington. 
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Let  me  now  call  your  attention,  before  proceeding  to  the  work  of 
our  program,  to  the  fact  that  our  section  has  a  special  local  com- 
mittee of  arrangements  the  members  of  which  have  helped  me  pro- 
vide our  colleagues  who  come  from  a  distance  with  adequate  oppor- 
timities  for  visiting  the  governmental  or  other  establishments  in  the 
city  of  Washington.  Perhaps  I  should  mention  some  of  the  estab- 
lishments which  we  would  imagine  you  will  be  especially  interested 
to  visit.  First,  there  is  the  Coast  and  Geodetic  Survey,  an  estab- 
lishment which  is  now  over  100  years  old,  and  which  has  many 
features  of  interest,  especially  to  astronomers  and  geodesists.  Then, 
we  have  the  well-known  Weather  Bureau,  of  which  our  colleague. 
Prof.  Marvin,  is  chief.  In  the  western  part  of  the  city  is  the  Naval 
Observatory,  nearly  a  century  old.  The  Bureau  of  Standards  is 
located  about  2  miles  out  of  the  city,  and  is  well  worth  a  visit  on  your 
part.  Near  the  Bureau  of  Standards,  but  on  the  opposite  side  of 
Connecticut  Avenue  extended,  is  the  so-called  Geophysical  Labora- 
tory of  the  Carnegie  Institution  of  Washington.  In  this  laboratory 
an  effort  is  being  made  to  determine  how  rocks  and  minerals  are  laid 
down  in  the  earth's  crust,  and  as  astronomers,  geodesists,  and  miner- 
alogists you  will  be  interested  to  know  that  the  characteristic  feature 
of  this  laboratory  is  that  it  is  trying  to  make  the  science  of  miner- 
alogy pass  from  the  qualitative  to  the  quantitative  stage,  perhaps 
the  most  striking  characteristic  in  the  development  of  all  sciences. 
Beginning  with  observation  and  experiment,  one  passes  onward  to 
the  stage  of  comparison,  of  numerical  calculation,  or  to  what  may  be 
called  the  statistical  stage,  and  thence  onward  to  the  higher  stage 
which  enables  us  to  anticipate  or  to  predict.  Farther  out  of  the  city 
m  the  same  direction  will  be  found  the  laboratory  of  our  Department 
of  Terrestrial  Magnetism.  The  department  having  charge  of  this 
laboratory  is  imdertaking  a  world  survey  to  determine  the  charac- 
teristics of  the  magnetism  of  the  earth.  It  possesses  also  the  note- 
worthy nonmagnetic  ship  known  as  the  Carnegie. 

The  program  divides  the  work  of  this  section  into  two  subsec- 
tions—one devoted  to  astronomy  and  geodesy  and  the  other  devoted 
to  meteorology  and  seismology. 

I  would  like  to  call  your  attention  especially  to  the  international 
aspect  of  the  work  coming  before  this  section.  Much  was  said  yester- 
day of  the  French  motto,  "  Libert^,  6galit^,  fraternity."  We  should 
insist  especially  upon  the  last — fraternity,  international  fraternity — 
and  I  think  as  progress  goes  on  in  the  future  it  must  come  mostly 
by  that  sort  of  international  fraternity  which  is  founded  on  the 
progress  of  science.  Science — ^perhaps  I  should  be  more  specific  and 
say  physical  science — is  almost  the  only  kind  of  learning  in  which 
we  have  worked  hitherto  wherein  we  may  eliminate  the  personal 
equation.    Of  course,  you  all  know  that  it  was  the  astronomers  who 
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first  called  attention  to  that  phenomenon  of  the  human  mind  which 
receives  the  name  of  ^^  personal  equation."  It  has  been  the  astrono- 
mers, too,  who  have  shown  us  how  to  correct  the  observations  of  our 
predecessors  for  geocentric  parallax.  It  now  remains  for  the  astrono- 
mers and  the  devotees  of  physical  science  to  show  us  how  to  correct 
correspondingly  for  what  may  be  called  anthropocentric  parallax. 
When  we  get  so  that  we  can  correct  for  anthropocentric  parallax^ 
then  we  shall  be  able  to  make  progress  in  other  fields  of  learning,, 
comparable  with  the  progress  which  has  been  made  in  physical 
science.  So  that  a  special  duty  devolves  upon  us  from  the  start  to 
make  the  fraternity  and  the  work  of  this  section  truly  international^ 
for,  as  will  be  developed  in  the  course  of  the  work  of  this  section, 
there  are  several  questions  of  international  importance  which,  al- 
though we  may  not  be  able  to  live  long  enough  to  see  them  fully 
worked  out  or  to  see  the  results  of  the  investigations  required  by 
them  fully  realized,  we  should  have  no  hesitancy  in  passing  on  these 
international  questions  to  our  successors.  And  I  am  delighted  to 
find  that  in  the  papers  that  have  been  sent  to  us,  of  which  we  have  a 
considerable  number  on  the  table,  this  spirit  of  internationalism  is 
well  shown  and  highly  developed.  The  consummation  of  those  large 
questions  which  require  international  cooperation  is  one  of  the  best 
ways  in  which  we  can  cultivate  this  fraternity  to  which  I  have  re- 
feiTed«  Many  of  these  subjects  are  like  the  solar  phenomena  in 
astronomy.  They  will  require  a  very  long  time  for  consummation. 
One  of  the  projects  to  which  I  shall  wish  to  call  attention  presently 
will  require,  I  think,  60  or  100  years  for  its  consummation;  but  in 
our  sciences  we  have  mastered  the  meaning  of  the  term  element 
much  better  than  our  colleagues  in  some  of  the  other  objects  of 
human  intellectual  interest,  and  I  think  we  should  not  be  deterred  by 
the  fact  that  what  we  may  recommend  in  our  deliberations  can  be 
accomplished  only  after  you  and  I,  as  John  Tyndall  said  in  his  fa- 
mous address,  have  vanished  into  the  infinite  azure  of  the  past.  I 
would  therefore  suggest  that  one  of  the  first  things  we  should  do 
would  foe  to  appoint  a  committee  which  may  take  into  consideration 
appropriate  resolutions  recommending  projects  of  the  kind  I  have 
just  outlined  for  final  adoption  by  the  congress.  I  may  explain  to 
you  that  this  is  one  of  the  objects  to  which  the  executive  committee 
of  the  congress  has  attached  tiie  greatest  importance. 

Mr.  Marvin.  Mr.  Chairman,  if  it  is  in  order  to  make  a  motion  to 
that  effect,  I  would  like  to  move  that  the  chair  appoint  a  committee, 
of  which  the  chairman  himself  should  be  a  member — a  committee  of 
five — to  draft  appropriate  resolutions  expressing  the  needs  of  the 
sciences  of  astronomy,  geodesy,  meteorology,  and  seismology  as  we 
see  them.  As  I  understand  it,  these  resolutions  will  be  submitted 
to  the  executive  committee  of  the  congress  and  finally  voted  upon  by 
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them,  so  that  they  will  have  all  of  the  authority  of  the  Pan  American 
Scientific  Congress. 

The  Chairman.  Yes. 

Mr.  Marvin.  I  make  that  motion. 

The  Chairman.  You  have  heard  the  motion.    Is  it  seconded? 

The  motion  was  seconded. 

The  Chairman.  Are  there  any  remarks  upon  it?  This  is  a  mat- 
ter of  such  a  degree  of  importance  that  I  hope  you  will  feel  free  to 
discuss  it  I  think  it  has  very  important  bearing  on  the  future, 
not  only  of  our  relations  with  our  Latin  American  colleagues,  but 
on  the  future  of  science. 

Mr.  Bauer.  Mr.  Chairman,  astronomy  interpreted  in  the  broad 
sense  includes  also  terrestrial  magnetism,  does  it  not? 

The  Chairman.  Yes;  interpreted  in  the  sense  in  which  La  Place 
interpreted  it  He  says  that  all  astronomy  rests  on  the  stability  of 
the  earth's  axis  and  the  constancy  of  the  direction  of  the  plumb 
line  in  respect  to  that  axis;  so  that  astronomy  in  that  sense  is  most 
fundamental  of  the  sciences. 

Mr.  Bauer.  There  is  a  need  of  something  to  stimulate  magnetic 
and  electric  work  in  South  American  countries,  and  I  am  very  glad 
indeed  to  have  that  particular  interpretation  put  on  astronomy. 

The  Chairman.  Yes,  we  must  put  the  broadest  interpretation 
upon  the  terminology  of  all  of  our  sciences  in  this  country. 

Are  there  any  further  remarks  on  the  subjects?  If  not,  those  in 
favor  will  please  say  aye,  those  opposed  no. 

The  motion  was  unanimously  agreed  to. 

The  Chairman.  The  chair  will  take  a  little  time  to  consult  with 
our  colleagues  before  the  appointment  of  their  committee.  I  think 
we  may  be  able  to  make  up  the  committee  before  the  end  of  the  day. 

Now,  we  have  a  considerable  number  of  papers  here  which  have 
come  at  various  times  and  through  various  channels,  and  my  impres- 
sion is  that  those  papers  may  be  fitly  turned  over  to  a  committee  to 
examine,  in  order  to  determine  how  they  may  be  presented;  and  I 
would  suggest  that  the  chair  be  permitted  to  appoint  a  committee 
of  two  experts,  one  from  each  of  the  two  subsecticms.  Is  there  ob- 
jection to  such  a  method  of  procedure? 

Mr.  Bauer.  I  move  that  the  chairman  be  empowered  to  appoint 
that  committee  for  the  purpose  of  looking  over  the  papers. 

The  motion  was  seconded. 

The  Chairman.  It  is  moved  and  seconded  that  a  committee  be 
appointed  to  examine  the  papers  which  we  have  on  the  table,  and  in 
my  room  upstairs.    Are  there  any  remarks? 

The  motion  was  unanimously  agreed  to. 
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The  Chairman.  The  chair  will  appoint  for  such  purpose  Prof. 
Bailey  on  the  part  of  astronomy  and  geodesy,  and  Prof.  Talman,  on 
the  part  of  meteorology  and  seismology. 

With  these  preliminary  remarks,  we  shall  now  pass  to  the  reading 
of  the  papers  to  be  presented  at  this  morning's  session.  I  shall  call 
first  for  the  paper  of  Prof.  Bailey,  of  Harvard  University  Observ- 
atory, on  "Astronomical  work  in  South  America." 

Mr.  Bailet.  The  object  of  this  paper  is  simply  to  give  an  outline 
of  the  astronomical  work  that  is  now  going  on  in  South  America, 
without  going  into  any  details — ^that  is,  to  give  it  so  far  as  I  under- 
stand it. 


ASTRONOMICAL  WORK  IN  SOUTH  AMERICA. 

By  SOLON  L  BAILEY, 
PhUlips  Professor  of  Astronomy,  Harvard  University. 

Certain  branches  of  science  can  be  pursued  almost  equally  well  anywhere 
and  at  any  time.  Astronomy,  however,  must  make  choice  of  both  time  and 
place,  in  order  to  secure  the  best  results.  For  definite  conclusions  in  many 
lines  of  stellar  research,  data  in  regard  to  the  stars  in  the  whole  sky  are 
needed,  and  it  is  evident  that  far  southern  stars  must  be  observed  in  southern 
latitudes.  For  the  complete  solution  of  astronomical  problems,  therefore,  astron- 
omers must  make  use  of  different  latitudes  and  should  make  use  of  different 
longitudes. 

The  countries  lying  south  of  the  Equator  came  late  into  the  family  of  nations, 
and  it  is  natural  that  the  number  of  southern  observatories  should  be  few  and 
our  knowledge  of  southern  stars  comparatively  small.  In  time  we  may  hope 
to  see  this  inequality  corrected.  This  has  already  been  partially  accomplished 
by  the  scientific  activity  of  certain  countries,  as  well  as  by  the  establishment 
of  southern  auxiliary  stations  by  northern  observatories.  As  time  goes  on, 
and  the  struggle  incident  to  the  material  conquest  of  new  lands  grows  less 
strenuous,  and  political  upheavals  become  less  frequent  and  tragic,  other  south- 
ern nations,  already  interested  in  science,  will  be  able  to  devote  more  attention 
to  it. 

For  certain  lines  of  work,  well  illustrated  by  the  zones  of  the  Astronomische 
Gesellschaft,  and  the  International  Map  of  the  Sky,  international  cooperation 
would  appear  to  be  the  ideal  solution.  There  will  always  remain  abundant 
opportunity  for  individual  initiative.  Also,  for  special  problems,  there  are 
advantages  in  having  a  northern  and  a  southern  station  under  the  same  control. 
A  unity  is  thus  brought  into  the  work  which  would  be  diflficult  to  obtain  under 
ether  circumstances.  Examples  of  such  investigations  are  the  Harvard  photome- 
try of  all  the  brighter  stars  and  the  classification  of  the  spectra,  carried  out 
under  the  direction  of  Prof.  E.  O.  Pickering,  at  the  Harvard  Observatory,  and 
the  study  of  the  radial  motion  of  all  the  brighter  stars,  by  Prof.  W.  W.  Campbell, 
director  of  the  Lick  Observatory. 

Much  work  has  been  done  on  the  southern  sky,  in  the  Eastern  Hemisphere,  in 
Australia,  New  Zealand,  and  elsewhere,  especially  In  South  Africa  at  the  Cape 
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of  Good  Hope.  In  this  paper,  however,  a  brief  outline  will  be  given  only  of 
work  which  has  been  accomplished  in  South  America. 

The  first  important  astronomical  and  geodetic  problem  undertaken  in  South 
America  was  the  determination  of  the  arc  of  Quito.  Until  the  end  of  the 
seventeenth  century  geodetic  observations  had  been  carried  on  only  for  the 
determination  of  the  size  of  the  earth,  regarded  as  a  sphere.  Experimental 
data  and  theoretical  considerations  soon  threw  doubt  ui)on  this  assumption. 
Measurements  made  near  Paris  by  the  Cassinis  appeared  to  show  that  the 
earth  is  a  prolate  spheroid.  Tliis  form  is  improbable  for  theoretical  considera- 
tions, and  to  settle  the  point  the  French  Government  undertook  the  measure- 
ment of  two  arcs — one  near  the  Equator  and  the  other  at  a  high  latitude.  For 
10  years,  beginning  in  1735,  Messrs.  €rodin,  Bouguer,  and  de  la  Condamine, 
assisted  by  two  Spanish  officers,  carried  on  the  extremely  arduous  duties  in- 
volved in  the  Peruvian  investigation.  At  that  time  Peru  was  a  vice  royalty 
of  Spain,  and  included  modem  Ecuador,  in  which  the  arc  chiefly  lies.  From 
this  determination,  and  that  on  the  Gulf  of  Bothnia,  at  more  than  60*  of 
latitude,  definite  proof  was  first  furnished  of  the  oblateness  of  the  earth*s 
form.  The  arc  of  Quito  was  redetermined  during  the  years  1901  to  1006.  The 
new  arc  has  an  amplitude  of  nearly  6*  in  latitude,  and  extends  from  Tulcan, 
near  the  Equator  in  Ecuador,  to  Payta,  in  northern  Peru. 

Determinations  of  longitude  and  latitude  have  been  carried  on  in  all  South 
American  countries.  Especial  attention  may  be  called  to  the  telegraphic 
determinations  of  the  longitude  of  Payta,  Lima,  Arica,  Valparaiso,  and  the 
National  Observatory  at  Cordoba,  by  Lieut  CJommander  C.  H.  Davis  and  others 
in  1883,  and  of  the  Harvard  Observatory  station  at  Arequipa,  In  1807,  by  Prof. 
Wlnslow  Upton. 

For  nearly  half  a  century  Argentina  has  held  an  honorable  position  in 
astronomy.  Its  Government,  following  the  precedents  established  by  President 
Sarmlento,  has  given  liberal  and  continuous  support  to  astronomical  research. 
In  1870,  under  the  direction  of  Dr.  B.  A.  Gould,  the  establishment  of  a  national 
observatory  at  Cordoba  was  begun.  While  waiting  for  the  installation  of  the 
meridian  circle,  for  which  the  chief  work  of  the  observatory  was  planned,  the 
Uranometrla  Argentina,  patterned  on  the  Uranometrla  Nova  of  Argelander, 
was  carried  through.  The  chief  work  of  the  observatory  In  the  years  which 
followed,  under  the  directorships  of  Gtould,  Thome,  and  Perrine,  has  been  the 
observations  of  stars  with  the  meridian  circle,  and  their  reduction,  to  form  the 
Argentine  General  Catalogue,  the  Zone  Catalogues,  the  Cordoba  Durchmus- 
terung,  and  the  extension  of  the  Zones  of  the  Astronomlsche  Gresellschaft  from 
— 23*  to  —37**  declination.  These  results  now  fill  more  than  20  quarto  vol- 
umes, and  their  completion  will  permit  the  observatory  to  devote  more  time  to 
other  astronomical  problems. 

Not  content  with  the  work  of  this  observatory  alone,  Argentina  has  developed 
into  an  efficient  institution  for  research  the  observatory  of  La  Plata.  In  1881, 
during  the  presidency  of  Gen.  Roca,  the  city  of  Buenos  Aires  was  made  the 
national  capital.  The  government  of  the  Province  of  Buenos  Aires,  seeking  a 
site  for  a  new  capital  for  the  Province,  founded  the  city  of  La  Plata.  Enormous 
sums  were  spent  in  the  execution  of  this  scheme.  An  observatory  was  one  of 
its  institutions  and  in  time  became  well  equipped  with  instruments  of  pre- 
cision. Owing  to  adverse  circumstances,  however,  little  work  was  accom- 
plished for  many  years.  In  1905  the  observatory  was  transferred  to  the 
National  Government  as  part  of  a  new  and  greater  national  university.  A 
splendid  equipment  and  greater  resources  were  provided  under  the  directorship 
of  Dr.  Porro.  Dr.  W.  J.  Hussey  was  made  director  in  1911,  and  systematic 
research  work  is  now  being  carried  on. 
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For  tbeir  active  support  of  astronomical  science  the  pe6ple  and  Government 
of  Argentina  deserve  high  praise. 

The  elevated  and  nearly  rainless  west  coast  of  South  America  ai^[>eared  to 
offer  conditions  especially  favorable  to  astronomical  observation.  Prof.  Edward 
O.  Pickering,  director  of  the  Harvard  Observatory,  sent  out  an  expedition  in 
1889,  in  charge  of  the  writer,  to  carry  on  observations  which  should  lead  to 
the  selection  of  the  best  site.  A  brief  study  was  made  of  the  atmospheric  con- 
ditions  at  various  points  in  Peru  and  Chile.  After  the  use  of  a  preliminary 
station  for  a  year  at  Ghosica,  near  Lima,  and  for  a  few  months  at  Pampa 
Central,  on  the  Desert  of  Atacama,  Chile,  Arequipa  was  permanently  occupied 
as  the  southern  station  of  the  observatory.  For  more  than  20  years  this 
station  has  taken  part  in  the  work  of  the  observatory,  especially  in  the  exten- 
sion of  various  schemes  of  research  to  the  southern  sky.  Extensive  visual  as 
well  as  photographic  observations  have  been  made.  The  former  include  the 
extension  of  the  Harvard  photometry  to  the  South  Pole  giving  the  brightness 
of  all  southern  stars  to  the  seventh  magnitude.  Observations  have  also  been 
made  of  comets,  asteroids,  double  stars,  and  variable  stars.  During  a  residence 
of  two  years  at  Arequipa,  Prof.  H.  W.  Pickering  made  a  long  series  of  obser- 
vations of  the  moon  and  planets,  Especially  Mars.  Plates  made  at  this  station 
with  the  Bruce  telescope  enabled  him  to  discover  Phoebe,  the  ninth  satellite  of 
Saturn.  Arequipa  photographs  have  also  enabled  the  observers  there,  and  espe- 
cially at  Cambridge,  to  discover  novse,  binaries,  and  great  numbers  of  variable 
stars,  especially  in  globular  dusters  and  the  Magellanic  Clouds.  They  have 
also  made  possible  the  extension  to  the  southern  sky  of  the  classification  of 
spectra  of  all  bright  stars  by  the  late  Mrs.  Fleming,  and  the  enlargement  of 
that  work  by  Miss  Cannon  in  the  New  Draper  Catalogue,  which  will  contain 
the  classification  of  the  spectra  of  200,000  stars.  Mention  should  perhaps 
be  made  of  meteorological  observations  which  have  been  carried  on  not  only 
at  Arequipa  but  in  a  chain  of  stations  extending  from  Moll^ido,  on  the  Pacific, 
to  Santa  Ana,  in  the  Valley  of  the  Urubamba,  east  of  the  Andes.  This  system 
also  contained  seva*al  mountain  stations,  one  at  the  summit  of  El  Misti  at  an 
elevation  of  19,200  feet,  the  highest  scientific  station  in  the  world. 

The  policy  of  the  observatory  has  been  to  entertain  and  assist  visiting  as- 
tronomers from  all  countries.  During  the  permanence  of  the  station  at  Are- 
quipa the  Peruvian  Government  has  extended  its  hearty  approval,  has  made 
custom  and  railway  concessions,  and  has  given  every  Indication  of  its  desire 
to  facilitate  the  work  of  the  station. 

Peru  at  one  time  planned  a  national  observatory  and  purchased  expensive 
instruments  for  its  equipment  Financial  reverses  prevented  its  rapid  installa- 
tion, and  in  the  war  with  a  neighboring  nation  the  instruments  became  the 
spoils  of  the  victors  and  were  carried  to  Santiago.  It  may  not  be  impertinent 
to  inquire  whether  these  instruments  are  now  employed  in  astronomical  work, 
and,  if  not,  whether  they  may  not  be  put  to  some  good  use. 

The  value  to  astronomy  of  a  site  in  the  Southern  Hemisphere  could  not  be 
better  illustrated  than  in  the  work  of  the  Lick  Observatory,  under  the  direction 
of  Prof.  W.  W.  Campbell.  A  leading  line  of  research  at  that  observatory  re- 
lates to  the  motion  of  the  stars  in  the  line  of  sight.  The  primary  purpose  of 
this  investigation  is  to  secure  data  for  the  more  accurate  determination  of  the 
velocity  and  direction  of  the  sun*s  motion  through  space.  No  other  astronomi- 
cal problem  appeals  with  more  force  to  mankind  than  this;  but  of  almost 
equal  importance  is  the  light  which  such  an  investigation  throws  on  many 
other  problems  relating  to  the  structure  of  the  stellar  universe.  Observations 
at  the  Lick  Observatory  could  not  be  carried  farther  south  than  declination 
—30*.    The  problem  of  the  sun*s  direction  of  motion  would  be  seriously  affected 


»  ASTRONOMY,  METBOBOLOQY,  AND  SEISMOLOGY.  15 

"by  the  omission  of  southern  stars,  and  another  station  became  a  necessity.  The 
new  station  was  established  In  1003  at  Santiago,  Chile,  on  the  Cerro  de  San 
■Crist6bal,  where  work  has  been  carried  on  continuously  since  that  time  by 
various  members  of  the  Lick  Observatory  staff. 

Another  example  of  the  need  of  a  southern  station  for  the  completion  of  an 
astronomical  research  is  that  of  the  temporary  observatory  at  San  Luis,  Argen- 
tina. ThcL  late  Prof.  Lewis  Boss,  director  of  the  Dudley  Observatory,  and 
of  the  departmait  of  meridian  astrometry  of  the  Carnegie  Institution  of 
Washington,  had  laid  out  for  his  life  work  the  formation  of  a  great  catalogue 
of  some  25,000  stars,  the  places  of  which  should  be  as  precise  as  possible 
and  reduced  to  a  uniform  system,  based  not  only  on  all  previous  observations 
of  good  quality,  but  Improved  by  recent  observations.  He  desired  to  obtain 
observations  of  both  northern  and  southern  stars,  made  under  one  control  by 
the  same  instrument  and  under  similar  conditions.  It  became  possible  to  supple- 
ment his  work  at  Albany  by  Its  extension  to  the  southern  sky  through  the 
liberality  of  the  Carnegie  Institution.  The  relative  desirability  of  stations  in 
various  countries  on  three  continents  was  considered,  but  the  decision  was  in 
favor  of  Argentina,  and  San  Luis  was  selected  on  the  advice  of  Mr.  W.  G.  Davis, 
chief  of  the  Argentina  weather  bureau.  The  wisdom  of  the  selection  Is  shown 
by  the  large  number  of  nights  each  year  In  which  observations  could  be  made 
and  the  rapidity  with  which  the  work  was  completed.  Observations  could  be 
made^on  80  per  cent  of  the  nights  devoted  to  work. 

Mention  should  also  be  made  of  the  Natlomil  Observatory  j)t  Santiago,  Chile, 
at  which  Important  work  has  at  times  been  done,  as  well  as  that  at  Rio  de 
Janeiro,  Brazil,  which  is  well  equipped  and  has  made  contributions  to  science. 
Ck)lombia  and  Ecuador  also  have  national  observatories. 

If  South  American  countries  have  not  In  many  cases  been  in  a  position  to 
prosecute  scientific  research  themselves,  at  least  they  have  always  welcomed 
scientific  expeditions  and  aided  them  wherever  possible.  In  the  future  we 
may  confidently  expect  that  the  great  and  growing  nations  of  that  continent 
will  be  ready  to  do  their  share  In  the  world's  advance. 

The  Chairman.  I  am  sure  I  express  the  sentiments  of  the  section 
"when  I  say  that  Prof.  Bailey  has  performed  a  valuable  service  in 
giving  US  a  history  as  well  as  the  status  of  the  present  work  in 
South  America. 

One  of  the  most  interesting  aspects  of  the  work  at  the  observatory 
at  San  Luis  relates  to  the  economy  of  it.  Naturally,  much  pains 
were  taken  to  determine  how  best  to  accomplish  that  great  task. 
You  will  observe  that  the  object  of  the  establishment  of  the  tem- 
I)orary  observatory  there  was  to  follow  up  and  begin  observations 
in  the  Southern  Hemisphere.  As  a  matter  of  fact,  we  took  great 
pains — Prof.  Boss  chiefly,  with  such  assistance  as  the  institution 
could  give  him — ^to  determine  what  would  be  the  best  method  of 
accomplishing  this  enterprise.  The  advice  of  most  experts  was 
that  we  should  get  the  observatories  in  the  Southern  Hemisphere  to 
do  that  work  for  us.  Perhaps  I  may  be  pardoned  the  egotism  of 
saying  that  that  was  directly  contrary  to  my  advice.  My  opinion 
was  that  we  could  get  the  work  done  under  our  own  auspices  before 
we  could  accomplish  the  preliminary  correspondence  if  we  followed 
the  advice  given  us.    I  think  the  results  have  justified  the  decision 
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which  was  made  to  take  the  instruments  and  the  staffs  of  the  observ- 
atory in  this  country  to  Argentina  for  the  accomplishment  of  this 
work. 

There  is  another  interesting  outcome  of  that  work  which  perhaps 
should  be  mentioned  in  this  connection.  The  preliminary  general 
catalogue,  which  contains  positions  for  only  about  a  quarter  of  the 
stars  which  the  final  catalogue  will  contain,  was  published  in  1909. 
Perhaps  I  should  explain  to  you  also — ^it  is  not  altogether  an  open 
secret — that  a  man  who  is  an  administrator  in  research  work  has 
trustees  to  deal  with,  and  trustees  have  opinions  that  are  sometimes 
more  influential  than  they  are  accurate,  although  I  do  not  mean  to 
indicate  by  that  that  my  colleagues,  trustees  of  this  institution, 
are  not  very  reasonable  men.  On  the  other  hand,  I  insist  that  they 
are  the  finest  body  of  trustees  in  this  country,  if  not  in  the  world; 
but  it  was  their  opinion  that  there  would  be  need  for  only  a  small 
number  of  copies,  300  or  400  copies,  of  this  preliminary  catalogue. 
We  printed  500  copies,  but  within  a  year  the  work  was  out  of  print, 
and  we  have  recently  issued  a  photographic  reproduction  of  the 
catalogue  which  we  can  now  offer  at  half  of  the  price  attached  tb  the 
original  catalogue.  This  new  catalogue,  which  is  just  now  available, 
may  be  furnished  for  $8.50  a  copy,  on  just  as  good  paper  as  the  other 
one  was  published,  which  was  sold  for  $7  a  copy. 

In  this  connection  there  is  another  matter  which  should  be  of 
special  interest  to  this  seiction — ^namely,  that  the  two  scientific  works 
published  by  the  Carnegie  Institution  of  Washington,  for  which 
there  has  been  the  most  demand,  are  this  catalogue  to  which  I  have 
just  referred  and  the  work  on  dynamic  meteorology.  They  were  both 
speedily  out  of  print  The  dynamic  meteorology  has  been  repub- 
lished in  a  German  edition  recently. 

Are  there  any  further  remarks  on  Prof.  Bailey's  paper? 

Mr.  HussEY.  Mr.  Chairman,  it  may  be  of  interest  to  refer  to  the 
new  observatory  in  Argentina ;  Prof.  Bailey  has  referred  to  it  briefly. 
They  have  there  a  new  observatory  with  several  additional  buildings 
for  equatorials  and  for  meridian  instruments,  and  they  will,  I  think, 
in  a  short  time  be  in  very  good  condition  for  astronomical  work 
there.    I  simply  give  this  as  a  note  on  southern  observations. 

The  Chairman.  It  is  very  interesting  to  have  the  history  of  so 
much  work  in  South  America. 

Mr.  HussEY.  They  have  three  buildings  under  construction  for 
equatorial  instruments  and  a  number  of  smaller  buildings  for 
transits.  Their  instruments  are  purchased  and  the  buildings  are 
being  erected  at  the  present  time. 

The  Chairman.  Are  there  any  further  remarks?  If  not,  we  shall 
be  glad  to  hear  from  Prof.  Hussey  with  regard  to  the  work  at  La 
Plata. 
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WORK  OF  OBSERVATORY  AT  LA  PLATA,  ARGENTINA, 

By  WILLIAM  J.  HUSSEY. 

Director  Astronomical  Observatory,  University  of  Michigan,  and  Director  of 
the  Observatory  of  La  Plata. 

Mr.  Chairman,  what  I  shall  have  to  say  will  be  In  the  nature  of  a  report  of 
progress.  The  observatory  at  La  Plata  was  established  about  1882,  and  through 
successive  appropriations  from  the  provincial  government  it  was  equipped  in 
the  years  following.  In  the  beginning,  one  of  the  chief  objects  for  which  the 
observatory  was  established  was  in  order  that  geographical  points  might  be  de- 
termined within  the  Province  of  Buenos  Aires  for  the  formation  of  an  accurate 
map  of  that  region.  For  that  purpose  two  transit  Instruments,  chronometers, 
and  other  necessary  instruments  were  obtained.  They  were  ordered  about  1883. 
Afterwards  the  scope  of  tlie  observatory  was  widened,  and  in  the  end  a  large 
collection  of  Instruments  and  buildings  was  obtained.  In  all,  there  were  about 
15  buildings  erected,  and  the  observatory  was  equipped  with  an  8.4-inch  equa- 
torial and  a  larger  one  of  17  Inches  aperture ;  a  small  meridian  circle  of  about 
4  Inches  aperture  and  a  large  one  of  8.4  inches  aperture;  also  a  large  alt- 
azimuth Instrument,  a  photographic  telescope  of  13)  Inches  aperture,  and  a 
reflector  of  311  inches  aperture.  The  larger  instruments  were  completed  about 
1890.  About  that  time  financial  difficulties  came  to  the  country,  before  the 
buildings  were  ready,  and  it  was  not  until  some  time  later  that  the  instruments 
were  installed.  Financial  conditions  remained  very  bad  for  a  number  of  years, 
and  it  was  not  until  1905  that  there  was  opportunity  for  a  reorganization  of 
the  observatory  and  Its  transfer  from  the  Province  to  the  Nation.  At  that  time 
various  institutions  In  La  Plata,  which  had  been  established  and  maldtalned 
by  the  Province,  were  transferred  to  the  nation  and  became  a  part  of  the  new 
National  University  of  La  Plata.  These  included  the  university,  the  observa- 
tory, the  museum,  the  college  of  agriculture,  etc. 

In  1906  Dr.  Porro,  from  Italy,  was  made  director  of  the  observatory,  and  addi- 
tional funds  were  provided  for  equipment  Among  the  instruments  purchased 
during  his  administration  were  a  comet  seeker,  a  Repsold  meridian  circle,  and 
ti^'O  Repsold  transit  Instruments,  and  at  the  same  time  the  International  Lati- 
tude Observatory,  which  had  been  established  at  Oncativo  by  the  International 
Geodetlcal  Association,  was  transferred  to  the  observatory,  with  the  understand- 
ing that  the  university  should  provide  for  the  continuance  of  the  work  at 
Oncativo  for  two  additional  years.  The  work  was  continued  for  more  than 
two  years  and  was  then  discontinued,  the  corresponding  work  having  been  dis- 
continued at  the  other  southern  station  in  Australia. 

I  took  charge  of  the  observatory  at  La  Plata  about  four  years  ago.  The 
astronomical  staff  was  then  small.  We  had  a  large  collection  of  instruments, 
more  than  we  could  expect  to  keep  in  use  by  any  staff  that  we  could  reasonably 
hope  to  have.  So  I  arranged  for  two  or  three  definite  lines  of  work.  I  was 
Interested  In  the  observation  of  the  southern  double  stars,  and  I  began  at 
once  to  use  the  large  equatorial  for  that  work. 

There  was  no  micrometer  available  for  use  on  the  large  equatorial  at  that 
time,  so,  during  the  first  few  months  that  I  was  there  my  time  was  devoted 
to  searching  for  new  pairs.  As  soon  as  a  micrometer  became  available,  meas- 
urements were  commenced. 

Up  to  the  present  about  350  southern  double  stars  have  been  discoveretl  with 
that  telescope.     We  have  also  given  attention  to  the  measurement  of  these 
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€!tars  and  also  to  other  southern  double  stars,  and  more  than  5,000  double-star 
observations  have  been  obtained.  More  than  2,000  of  these  were  made  by 
Astronomer  Dawson;  the  remainder  by  myself. 

A  large  amount  of  work  has  been  done  with  the  meridian  circle.  The  large 
Gautier  meridian  circle,  having  an  aperture  of  8.4  inches,  lias  been  used.  We 
lind  no  building  for  the  Repsold  meridian  circle,  but  we  took  the  microme- 
ter from  it  and  adapted  it  to  the  Gautier  meridian  circle.  This  was  done 
toward  the  end  of  1912  and  observations  were  begun  with  it  in  January,  1918. 
To  the  present  time  Mr.  Delavan  and  Mr.  Aguilar  have  been  using  the  instru- 
ment, assisted  by  Messrs.  Chaves,  Crump,  Boero,  and  Manganiello.  They  have 
now  made  about  25,000  observations.  These  observations  are  divided  between 
two  zones — one  from  02^  to  57**  and  the  other  from  57**  to  62*  south  declination. 
They  are  following  essentially  the  plan  of  the  Astronomische  Gesellschaft, 
making  usually  three  observations  of  each  star  of  the  ninth  magnitude  or 
brighter.  There  are  about  15,000  stars  in  these  zones,  and  more  than  half  of 
the  zone  observations  have  been  made. 

In  selecting  these  particular  zones  we  have  been  working  in  cooperation  with 
the  observatory  at  Cordoba.  There  they  have  been  working  on  an  extension  of 
the  Astronomische  Gesellschaft  work,  southward  from  —22*.  They  have  made 
the  observations  from  22*  to  87*  south  declination  and  have  reserved  the  next 
15*  from  37*  to  52*.  In  beginning  the  work  at  La  Plata  we  commenced  at 
62"*  south  declination  and  have  been  working  on  a  zone  10*  in  width.  If  we 
can  continue  the  work  at  the  present  rate,  which  seems  probable,  the  obser- 
vations will  be  nearly  completed  by  the  end  of  1916. 

The  reductions  are  following  the  observations  closely.  They  are  only  a  few 
months  in  arrears.  In  the  case  of  Mr.  Agullar*s  work  the  reductions  are 
complete  to  July  or  August  of  1915,  and  Mr.  Delavan*s  reductions  are  almost 
as  far  advanced. 

We  have  an  instrument  of  the  astrographic  pattern.  La  Plata  was  at  one 
time  assigned  a  zone  in  that  scheme  of  work,  but  owing  to  financial  and 
other  difficulties  the  work  was  not  commenced,  and  eventually  the  zone  was 
reassigned  to  other  observatories. 

Another  thing  that  has  been  done  is  a  search  of  the  southern  sky  for  comets. 
Mr.  Delavan  has  devoted  a  portion  of  his  time  to  this  work,  and  has  discov- 
ered three  comets  to  the  present  time.  The  first  was  a  return  of  Westphal's 
comet  of  1852,  whose  orbit  was  imperfectly  known.  The  second  was  a  new 
comet,  which  passed  into  the  northern  sky  during  the  year  1914  and  for  a  time 
was  conspicuously  visible  to  the  naked  eye.  It  is  now  far  south  again.  It 
has  been  under  observation  for  a  longer  period  than  any  previous  comet, 
and  is  now  decreasing  in  brightness  rather  slowly,  so  that  it  may  be  possible 
to  follow  it  for  several  months  longer.  This  comet  has  a  hyperbolic  orbit, 
and  observations  extending  over  a  long  interval  will  aid  materially  in  fixing 
the  amount  of  eccentricity. 

We  have  been  observing  the  southern  comets  with  the  large  equatorial  since 
1912.    About  800  observations  of  comets  and  minor  planets  have  been  secured. 

This  is,  in  brief,  what  we  have  been  trying  to  do.  We  have  selected  a  few 
definite  lines  of  work  with  the  idea  of  carrying  them  forward  as  rapidly  as 
possible.  We  have  also  plans  for  some  other  lines  of  work.  For  example,  the 
observatory  has  an  80-centlmeter  reflecting  telescope  which  we  would  like  to 
modify  so  as  to  fit  it  for  the  spectroscopic  observation  of  southern  variable 
stars.  We  have  been  especially  interested  in  studying  the  spectra  of  long- 
period  variables  at  Ann  Arbor,  and  we  would  like  to  carry  that  work  into  the 
-Southern  Hemisphere. 
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The  Chaibmak.  These  two  presentations  have  helped  very  much 
to  give  us  an  idea  of  the  development  of  astronomy  in  the  Southern 
Hemisphere. 

Mr.  Baiubt.  I  should  like  to  ask  Prof.  Hussey  what  are  the  atmos- 
pheric conditions  as  to  cloudiness  and  clearness,  and  also  what 
does  he  include  in  the  requirements  for  the  acceptance  of  a  star  as 
double? 

Mr.  HussEY.  Our  nights  at  La  Plata  vary  considerably  in  the 
amount  of  cloudiness,  but  I  think  we  can  count  on  more  than  half 
of  the  nights  being  clear,  and  perhaps  200  nights  a  year  in  which 
at  least  a  part  of  the  night  will  be  workable.  We  often  have  fogs 
coming  in  from  the  river  and  clouds  floating  over  during  the  later 
hours  of  the  night,  when  it  may  be  clear  earlier.  The  quality  of 
the  atmosphere  for  the  purposes  of  vision  is  not  of  the  best,  but  it 
is,  I  suppose,  of  about  the  same  quality  that  we  have  ove^  the  eastern 
part  of  the  United  States.  There  are  not  very  many  nights  when 
we  can  use  the  full  power  of  the  large  refracting  telescope  for  double- 
star  work.  We  have  had,  therefore,  in  using  that  instrimient  for 
double-star  work,  to  limit  it  to  a  considerable  extent  to  the  wider 
pairs,  and  we  have  started  on  a  program  of  the  measurement  of  all 
stars  which  have  been  catalogued  as  double  by  any  double-star  ob- 
server. 

Now,  as  to  what  we  shall  call  a  double  star,  that  has  been  discussed 
more  or  less.  I  do  not  care  to  go  into  it  very  far.  A  double  star  is 
really  a  binary,  and  before  we  can  tell  whether  a  star  is  a  binary  or 
not  we  must  have  measurements  of  it  which  will  show  motion.  All 
of  the  criteria  which  I  have  seen  for  binaries  or  for  double  stars 
would  reject  some  of  the  known  binaries. 

Mr.  Bailey.  You  spoke  of  a  list  of  a  certain  number.  I -wondered 
what  tests  you  applied  to  them. 

Mr.  HiTssEY.  All  of  those  stars  are  brighter  than  the  ninth  mag- 
nitude, and  I  have  taken  those  as  double  where  the  distance  is  under 
five  seconds  of  arc.  All  of  those  will  probably  not  be  binaries. 
We  can  not  get  the  close  pairs  in  the  same  proportion  that  we  did 
at  the  other  observatory.  The  conditions  are  not  good  enough  for 
that.  Some  of  the  pairs  which  have  been  found  at  La  Plata  have 
distances  of  under  a  quarter  of  a  second  of  arc,  which  is  nearly  the 
resolving  power  of  that  instrument,  but  we  do  not  have  many  nights 
of  that  quality,  and  consequently  we  can  not  hope  to  get  all  of  those 
fine  pairs. 

I  will  say  that  before  there  was  any  intimation  of  my  going  to 

La  Plata  we  were  preparing  at  the  University  of  Michigan  for 

southern  work.     A  24-inch  instrument  is  being  constructed,  and 

the  mechanical  features  will  be  proceeded  with  as  soon  as  we  can 
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get  the  objective.  The  opticians  will  not  give  us  the  focal  length, 
so  we  have  had  to  hold  up  the  construction  of  the  mechanical  fea- 
tures until  the  object  glass  is  obtained.  We  have  been  in  that  condi- 
tion there  for  two  years  now.  This  instrument  was  designed  to  be 
taken  to  the  southern  hemisphere  for  double-star  work,  and  we  were 
going  to  take  it  to  whatever  place  we  found  beet  It  may  go  to 
Australia  or  it  may  go  to  Argentina.  Since  my  relations  are  with 
Argentina,  it  will  probably  go  there. 

Mr.  Bailbt.  Have  you  investigated  the  conditions  in  Australia? 

Mr.  HusfiBr.  I  have  visited  Australia  and  have  been  in  the  Prov- 
inces of  New  South  Wales  and  Victoria.  I  think  the  conditions  <m 
the  Blue  Mountains  or  just  west  of  them — ^not  too  far  west — ^would 
be  fairly  good.  I  do  not  know  what  they  would  be  in  West  Aus- 
tralia. I  should  like  to  visit  West  Australia  and  see  what  the  con- 
ditions would  be  in  the  neighborhood  of  Berth.  There  is  reason 
for  thinking  it  might  be  very  good  there. 

Mr.  Clayton.  I  should  like  to  suggest  La  Guiaca  as  a  magnificent 
site. 

The  Chairman.  Are  there  any  further  remarks?  If  not,  let  me 
inquire  whether  some  friend  of  the  head  of  the  astrographic  de- 
partment at  Santiago,  Chile,  is  present  here?  We  have  a  paper 
on  the  subject  of  astrographic  work  at  Santiago,  Chile.  If  there 
is  no  one  here  prepared  to  present  the  paper  we  will  refer  it  to  the 
committee  consisting  of  Prof.  Bailey  and  Prof.  Talman  for  exami- 
nation and  presentation.  I  will  ask  Dr.  Bauer  if  he  is  ready  to 
present  his  paper  on  "The  status  of  magnetic  surveys  in  South 
America?"  It  has  occurred  to  me  that  he  would  possibly  prefer 
to  defer  it  until  he  can  have  lantern  illustrations. 

Mr.  Bauer.  I  have  charts  which  will  answer  the  same  purpose. 

The  Chairman.  If  it  is  agreeable  to  you,  we  shall  be  glad  to  hear 
your  paper. 


STATUS  OF  MA6NBTIC  SURVEYS  IN  SOUTH  AMERICA  BT  THE 
CARNEGIE  INSTITUTION  OF  WASHINGTON. 

By  L.  A.  BAUER, 

Director  Department  of  Terrestrial  Magnetism,  Carnegie  Institution  of 

Washington, 

In  response  to  the  invitation  received  tlirongh  the  secretary  general  of  the 
Second  Pan  American  Congress,  I  have  the  honor  to  present  before  this  section 
a  summary  of  the  work  of  the  magnetic  surveys  conducted  in  South  America 
during  1908-1915  by  the  department  of  terrestrial  magnetism  of  the  Carnegie 
Institution  of  Washington.  Ten  separate  expeditions  have  been  sent  out,  the 
stations  at  which  the  magnetic  observations  were  made  numbering  498.  About 
10  per  cent  of  this  number  are  "  repeat  stations,"  i,  e.,  stations  at  which  observa- 
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tions  have  been  made  In  various  years,  either  by  others  or  by  ourselves.  Thus 
magnetic  data  for  determining  both  the  distribution  of  the  magnetic  elements 
and  their  changes  from  time  to  time  are  obtained. 


Map  tbowing  statas  of  magnetic  sarveys  In  Soath  America  by  the  Carnegie  Institution  of  Waghlngton. 

Every  country  in  South  America  is  represented  in  the  list  of  our  stations, 
though  the  number  of  stations  in  the  different  countries  varies  considerably,  as 
will  be  seen  from  the  accompanying  map.    The  full  dots  show  the  land  magnetic 
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stations  of  the  Carnegie  Institution  of  Washington.  The  tracks  of  the  two 
magnetic  survey  vessels,  the  OalUee  and  the  Carnegie^  1908-1915,  are  also  shown. 
Since  complete  information  regarding  the  magnetic  work  to  date  of  the  various 
South  American  countries  is  not  in  our  possession,  it  is  necessary  to  forego 
the  attempt  at  present  of  showing  on  this  map  the  stations  established  by  others. 
Suffice  it  to  say,  however,  that,  thanlss  to  the  very  cordial  cooperation  being 
received  from  every  organization  in  South  America  engaged  in  securing  mag- 
netic data,  It  has  been  possible  to  carry  out  effectively  our  published  plan.  This 
plan  Is  not  to  duplicate  but  to  supplement  the  work  being  done  well  by  other 
organizations,  so  as  to  complete  in  the  most  expeditious  manner  possible  the 
task  of  a  general  magnetic  survey  of  the  earth. 

You  will  see,  then,  from  the  map  that  the  magnetic  stations  of  the  Carnegie 
Institution  of  Washington  are  most  numerous  in  countries  of  South  Amerla  not 
possessing  magnetic  services.  In  Argentina  and  Brazil,  which  are  actively 
carrying  on  magnetic  surveys,  our  own  work  could  be  restricted  in  extent. 

A  special  point,  however,  has  been  made  of  obtaining  at  various  times  com- 
parisons of  our  magnetic  standards  with  those  of  other  countries.  In  this  way 
it  has  become  possible  to  reduce  all  the  recent  magnetic  data  in  South  America 
to  the  same  set  of  standards,  with  a  degree  of  accuracy  sufficient  for  both 
theoretical  and  practical  purposes. 

Some  of  our  expeditions,  as  will  be  seen  from  the  map,  have  been  geographic 
achievements  as  well  as  contributions  to  the  advancement  of  our  knowledge 
of  the  earth's  magnetism.  In  addition  to  the  three  magnetic  elements — the 
magnetic  declination,  the  magnetic  inclination,  and  the  intensity  of  the  earth's 
magnetic  field — our  parties  obtain  the  geographic  position  of  their  stations 
with  an  accuracy  sufficient  for  the  purpose,  as  well  as  general  geographic 
Information. 

A  brief  synopsis  of  our  chief  expeditions,  1908-1915,  is  appended.  The  re- 
sults and  descriptions  of  stations  up  to  1913,  inclusive,  have  been  published  in 
two  volumes,*  Issued  by  the  Carnegie  Institution  of  Washington.  The  subse- 
quent data  are  now  being  reduced,  and  it  is  hoped  the  volume  to  contain  them 
can  appear  before  long. 

The  next  step  will  be  to  refer  all  the  observations  to  the  same  date  by  means 
of  the  data  obtained  at  the  repeat  stations  and  at  the  magnetic  observatories, 
of  which,  alas,  there  are  too  few  In  South  America.  Argentina  and  Brazil  are 
the  only  countries  at  present  in  which  such  observatories  are  being  maintained.' 

The  construction  of  new  magnetic  charts  for  the  entire  globe,  as  based  upon 
the  data  accumulated  since  1905,  Is  in  progress. 

Throughout  the  entire  work  In  South  America  every  assistance  possible  has 
been  rendered  In  the  furtherance  of  the  work  by  the  various  South  American 
Governments  and  by  private  Individuals  who  became  interested  in  the  work 
of  the  department  of  terrestrial  magnetism.  For  this  invaluable  cooperation 
grateful  acknowledgment  is  here  made. 

1  Bauer,  L.  A.  Land  magnetic  observations,  1906-1910.  (Researches  of  the  depart- 
ment of  terrestrial  magnetism.)  Carnegie  Inst.  Wash.  Fob.  No.  175.  Quarto,  Iv  +  185 
pp.,.  10  pis.  Pnbllshed  at  Washington  in  1912.  [This  volume  is  designated  VoL  I  of 
No.  175.] 

Bauer,  L.  A.,  and  J.  A.  Fleming.  Land  magnetic  observations,  1911-1918,  and  re- 
ports on  special  researches.  (Researches  of  the  department  of  terrestrial  magnetism.) 
Carnegie  Inst.  Wash.  Pub.  No.  175.  VoL  IL  Quarto,  v  +  278  pp.,  18  pis.,  9  flgs.  Pub- 
lished at  Washington  in  1915.- 

*  The  department  of  terrestrial  magnetism  is  planning  to  establish  in  1918  a  magnetic 
observatory  in  one  of  the  western  countries  of  South  America,  probably  in  Peru. 
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8ECULAB  CHANGES  OF  THE  MAQNETIC  ELEMENTS  IN  SOUTH  A1£EBICA. 

West  magnetic  declination  is  at  present  (1916)  increasing,  or  east  declina- 
tion decreasing,  all  over  South  America,  except  along  the  coast  of  Ecuador, 
where  the  annual  change  is  practically  zero.  The  maximum  annual  change, 
about  16',  or  nearly  O-S"",  is  found  in  the  extreme  northwest  part  of  Brazil,  at 
the  mouth  of  the  Amazon,  and  down  along  the  coast  to  Pernambuco,  where  the 
magnetic  declination  varies  about  from  9**  west  to  18*"  west  (Along  the  south- 
east coast  of  Africa,  near  Natal,  the  magnetic  declination,  which  is  west  there, 
is  decreasing  at  present  about  14'  per  year,  hence  the  north  end  of  the  compass 
needle  is  there  moving  east,  whereas  in  northeastern  Brazil  it  is  moving  west) 

The  annual  change  of  the  magnetic  dip,  or  Inclination,  in  the  northern  coun- 
tries of  South  America  is  extremely  large.  For  example,  at  Bogota,  Oolombia, 
the  dip  varied  from  +27.8''  in  1909  (Jan.)  to  +29.4"*  in  1914  (June) ;  hence  the 
average  annual  increase  during  the  period  of  5.4  years  was  0.3*,  or  18'.  Nearly 
all  over  South  America  the  north  end  of  the  dipping  needle  is  moving  down- 
ward  at  the  average  annual   rate  for  the  entire   continent  of  about   lO'. 

The  horizontal  component  of  the  intensity  of  the  earth's  magnetic  field  is 
decreasing  in  the  extreme  northern  and  southern  countries,  and  increasing  in 
general  in  the  middle  countries.  The  average  annual  change,  regardless  of 
sign,  is  about  nArv  o'  ^  ^*  ^-  S.  unit  of  magnetic  intensity,  or  about  itVv 
of  the  value  of  the  horizontal  intensity. 

Because  of  the  large  annual  changes  the  study  of  the  secular  variation  of 
the  magnetic  elements  in  South  America  is  proving  to  be  of  extreme  interest 

8YNOPSICS    OF    THE    CHIEF    MAGNETIC    EXPEDITIONS    OF    THE    DEPARTMENT    OF 
TERRESTRIAL   MAGNETISM,    1908-1015. 

E,  Kidson,  1908-S, — ^Mr.  Kidson  was  assigned  to  the  magnetic  survey  of 
Ecuador  and  Ck>lombia,  and  the  work  was  begun  at  Guayaquil,  Ecuador,  on 
July  25,  1906.  From  here  a  round  trip  was  made  to  Loja,  in  the  southern  part 
of  the  State.  On  return  to  Guayaquil  a  coastal  steamer  was  taken  to  Esmeral- 
das,  observations  being  obtained  at  Manta  on  the  way.  From  Eismeraldas  a 
short  Journey  was  made  up  the  Bsmeraldas  River  and  magnetic  observations 
were  secured  at  the  farthest  point  reached.  Mr.  Kidson  then  returned  to 
Esmeraldas,  and  thence  to  Guayaquil,  observing  at  Bahia,  Manta,  Salinas,  and 
RIobamba.  The  trip  from  Guayaquil  to  Quito  was  made  by  rail.  At  Quito 
preparations  were  made  for  the  long  Journey  to  Bogota,  Ck)Iombia,  by  mule. 
From  Neiva  to  Girardot,  on  the  Magdalena  River,  travel  was  by  means  of  a 
raft,  and  from  Girardot  to  Bogota  part  of  the  Journey  was  on  muleback  and 
part  by  train.  Returning  to  Girardot,  the  observer,  after  remaining  some  days 
at  Bogota,  continued  the  Journey  to  BarranquiUa  by  means  of  rafts,  canoes, 
and  river  steamers.  Magnetic  observations  at  various  stations  along  the 
northern  coast  of  Colombia  were  then  made. 

H.  W,  Fiak,  1908, — One  of  the  first  expeditions  In  South  America,  sent  out  by 
the  department  of  terrestrial  magnetism,  was  begun  in  1908  by  Mr.  Fisk,  who 
Was  assigiM  the  task  of  making  magnetic  observations  In  the  Guianas.  He 
arrived  at  Georgetown,  British  Guiana,  on  August  6,  having  observed  en  route 
at  two  stations  on  the  coast  of  Olombla.  The  plan  adopted  In  the  selection 
of  stations  in  the  Guianas  was  determined  by  the  geographical  distribution  of 
the  rivers,  which  are  the  main  routes  of  travel.  With  Georgetown  as  a  base, 
short  trips  were  made  along  the  coast  and  up  the  various  rivers.  About  2,700 
miles  were  traveled,  mainly  by  steamers  and  launches,  along  the  coast  and 
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on  the  riyers.  A  little  more  than  100  miles  was  accomplished  by  open  boat, 
about  175  miles  by  railway,  and  possibly  50  miles  on  foot. 

C,  C.  Stevoart,  1910-11, — ^Mr.  Stewart's  work  covered  the  territory  along  the 
Amazon  River  from  its  mouth  to  its  headwaters  in  the  eastern  part  of  Peru, 
between  the  Equator  and  5"*  south  latitude,  and  along  the  Madeira  River  to 
Quayara  Mirim,  in  Bolivia.  Leaving  Manaos,  near  the  Junction  of  the  Rio 
Negro  with  the  Amazon,  on  August  20,  1910,  the  observer  made  a  trip  up  the 
Amazon  River  to  Iquitos,  Peru,  in  a  specially  constructed  launch  shipped  from 
New  York.  During  a  delay  at  Iquitos,  caused  by  necessary  repairs,  a  trip 
was  made  by  means  of  local  boats  on  the  Ucayall  River  and  another  to  Yuri- 
maguas,  on  the  Huallaga  River.  A  few  days  before  a  new  start  was  to  be 
made  in  the  launch  it  unfortunately  was  destroyed  by  fire.  A  canoe  trip  was 
next  made  to  the  Alto  Maranon  during  the  month  of  February,  1911,  Mr. 
Stewart  completing  the  work  assigned  in  eastern  Peru,  after  which  he  returned 
to  Manaos.  Observations  were  next  made  at  various  points  between  Manaos 
and  the  mouth  of  the  Amazon  River,  and  by  May,  1911,  a  series  of  stations  liad 
been  established  almost  completely  across  the  equatorial  part  of  South  America. 
During  May  to  July  a  trip  was  undertaken  up  the  Madeira  River,  and  various 
stations  were  occupied  along  the  line  of  the  Madeira  and  Mamor^  Railroad, 
which  was  then  under  construction,  as  far  as  Guayara  Mirlm.  Mr.  Stewart 
was  at  this  time  compelled  to  leave  the  country,  being  taken  seriously  ill  with 
fever. 

J,  P,  Ault,  1912. — Mr.  Ault,  accompanied  by  Messrs.  D.  MacKenzie  and  H.  R, 
Schmitt,  reached  Lima,  Peru,  on  April  15,  1912.  After  two  weeks  spent  in 
preparations,  Mr.  MacKenzie  left  Lima  for  Antofagasta  and  La  Paz,  making 
magnetic  observations  at  five  stations  en  route.  In  the  meanwhile  arrange- 
ments were  being  made  for  the  trip  by  Mr.  Schmitt  to  Masisea,  on  the 
Ucayall  River.  (For  an  account  of  Mr.  Schmltt*s  work  see  below.)  Mr.  Ault 
proceeded  from  Lima  to  La  Paz.  During  June  and  July  he  occupied  seven 
stations  on  the  railway  lines  of  Bolivia  and  then  left  La  Paz  for  Mollendo, 
where  he  met  Mr.  A.  D.  Power,  who  was  assigned  to  his  party.  Messrs.  Ault 
and  Power  together  made  magnetic  observations  at  the  Arequipa  Observatory 
of  the  Harvard  Astronomical  Observatory.  On  August  1  they  proceeded  to 
Mollendo  and  thence  to  Chala,  at  both  of  which  places  magnetic  stations  were 
established.  From  Chala  Mr.  Ault  proceeded  to  Lima,  leaving  Mr.  Power  to 
continue  the  work  which  had  been  assigned  to  him  in  Peru.  (An  account  of 
Mr.  Power's  work  is  given  later.)  After  completing  all  arrangements  for  the 
continuation  of  the  work  in  Peru,  Mr.  Ault  sailed  from  Lima  for  New  York 
on  August  20,  1912. 

H.  R.  Schmitt,  1912-lS.— During  May  to  August,  1912,  Mr.  Schmitt  made  the 
trip  from  Tarma,  Peru,  northeastward  to  the  Ucayall  River,  by  muleback  and 
canoe,  thus  connecting  with  Mr.  Stewart's  work  at  Masisea,  and  completing  the 
series  of  stations  across  equatorial  South  America.  From  September,  1912,  to 
January,  1913,  a  line  of  stations  was  established,  beginning  at  Matucana,  about 
halfway  between  Lima  and  Tarma,  in  a  general  southeasterly  direction  to  La 
Paz,  Bolivia.  From  La  Paz,  magnetic  observations  were  made  at  i^arious  sta- 
tions along  the  railroad  to  Mollendo,  Peru.  A  large  part  of  the  travel  had  to 
be  done  by  muleback,  until  the  party's  arrival  at  Cuzco,  where  the  railroad 
cx)uld  be  followed.  During  January  to  March,  1913,  Mr.  Schmitt  carried  out 
magnetic  work  in  Chile,  as  indicated  by  the  following  route:  Arica,  on  the 
coast,  and  Tacna,  in  the  very  northern  part  of  Chile,  were  the  first  stations. 
From  Arica  to  Valparaiso,  the  Journey  was  made  by  boat,  magnetic  observations 
being  secured  en  route  at  Iquique  and  Ooquimbo.    From  Valparaiso  a  series  of 
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magnetic  stations  along  the  railroad  south  to  Puerto  Montt  was  established. 
Mr.  Schmltt  was  then  instructed  to  Join  the  magnetic  survey  vessel,  the  Cor- 
negie,  at  Bahia,  Brazil,  and,  accordingly,  left  Puerto  Montt  for  Buenos  Aires 
hy  rail,  via  Santiago,  and  thence  by  sea  to  Bahia. 

A.  D,  Power,  1912^18. — ^Mr.  Power's  actual  field  work  began  at  Mollendo, 
Peru,  and  from  there  he  occupied  the  coast  stations  northward  by  steamer. 
From  Paita,  in  northern  Peru,  it  was  necessary  to  proceed  directly  to  Bsmer- 
aldas,  Ecuador,  in  order  to  reach  the  latter  place  in  time  for  the  magnetic  ob- 
servations required  during  the  total  solar  eclipse  of  October  10,  1912,  the  path 
of  totality  of  which  passed  throu^  Bsmeraldas.  From  Bsmeraldas  Mr.  Power 
proceeded  to  Caracas,  Veneraela,  via  Panama.  On  November  15, 1912,  his  mag- 
netic work  in  the  northwestern  part  of  the  State  was  undertaken,  during  which 
one  station  was  occupied  in  Colombia,  Puerto  Villamizar,  Just  across  the  border. 
On  March  26,  1913,  Mr.  Power  left  Caracas  for  Trinidad,  occupying  three  coast 
stations  en  route.  At  Port  of  Spain  the  magnetic  station,  established  by  the 
department  of  terrestrial  magnetism  in  1905,  was  reoccupied,  and  then  all  at- 
tention was  given  to  completing  plans  and  preparations  for  the  trip  up  the 
Orinoco  River  and  down  the  Rio  Negro  to  Manaos,  Brazil.  Next  the  series  of 
magnetic  stations  from  Manaos  northward  through  Brazil  and  British  Guiana 
was  obtained,  the  work  ending  at  Georgetown,  British  Guiana,  on  December  4, 
1913. 

JS.  F.  Johnston,  1919, — Mr.  Johnston,  after  comparing  the  magnetic  instru- 
ments used  by  him  with  those  of  the  Brazilian  survey  at  Vassouras,  proceeded 
to  Buenos  Aires.  Comparisons  of  his  instruments  were  next  secured  with  the 
standards  of  the  Pilar  Magnetic  Observatory.  Various  magnetic  stations  along 
the  railroads  in  Uruguay  were  then  established.  After  leaving  Uruguay  Mr. 
Johnston  made  magnetic  observations  at  stations  northward  on  the  Alto 
Paranft  and  Paraguay  Rivers,  completing  his  work  at  Corumbft,  Brazil. 

A,  D,  Power,  19H, — ^Mr.  Power  started  his  1914  magnetic  work  at  Caracas, 
Venezuela,  proceeding  thence  southward  to  the  junction  of  the  Orinoco  and 
Meta  Rivers  and  then  westward  on  the  Meta  River  through  Colombia  to  Bo- 
gota. From  Bogota  the  trip  southward  was  made  to  the  Putumayo  River  and 
f]ien  down  this  stream  to  its  junction  with  the  Amazon.  The  river  travel  on 
the  Apure,  Orinoco,  and  Meta  Rivers  was  by  canoe,  and  on  the  Putumayo  by 
canoe  and  launch. 

IT.  R,  Schmitt,  iPi^.— Mr.  Schmltt  began  his  expedition  of  1914  at  Arica, 
Chile,  making  magnetic  observations  en  route  at  lima  and  Mollendo,  Peru. 
From  Arica  he  proceeded  by  rail  to  La  Paz,  Bolivia,  and  thence  east,  estab- 
lishing a  series  of  stations  to  the  Paraguay  River  at  Oorumba,  Brazil.  The 
part  of  the  journey,  from  Cochabamba  to  Corumba,  was  made  by  mules.  Mr. 
Schmltt  next  went  up  the  Paraguay  River  by  launch,  thence  across  to  Matto 
Grosso  by  mules,  nnci  then  by  boat  down  the  Guapore  to  Guayara  Mirim.  The 
Jommey  was  continued  by  railroad  to  Porto  Velho,  thence  by  launch  to  Manaos, 
where  the  work  was  closed. 

D.  W.  Berky,  1915,— ^r,  Berky  started  from  Rio  de  Janeiro,  after  securing  an 
intercomparison  of  his  magnetic  instruments  with  the  standards  at  the  Vas- 
souras Magnetic  Observatory.  He  proceeded  by  rail  to  Oataiao.  From  here 
a  series  of  magnetic  stations  northward  to  Para  was  established,  the  observer 
going  overland  by  pack  animals  to  the  Araguaya  River,  and  then  down  this 
river  with  Sefior  Luis  Antonio  da  Cruz,  a  rubber  trader,  in  his  well-manned 
barge,  to  Alcobaca.    The  Journey  to  Para  was  continued  by  river  steamer. 

Miscellaneous  observations, — Besides  tlie  land  expeditions,  the  work  of  which 
liaB  Just  been  described,  magnetic  observations  were  made  in  1908  at  Calla), 
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Pern,  by  the  Oalilee  observers,  and  at  Para,  Rio  de  Janeiro,  Buenos  Aires, 
Coronel,  Baliia,  and  Pernambuco  by  the  Carnegie  observers,  1910-13.  The  mag- 
netic elements  were  also  observed  on  various  Islands  and  at  sea  on  board  the 
magnetic  survey  vessels,  the  Oalilee  and  the  Carnegie,  Comparisons  of  mag- 
netic instruments  were  also  obtained  at  Pilar  by  the  Carnegie  observers  in 
1911.  Numerous  magnetic  observations  at  sea,  in  the  Atlantic  and  the  Pacific 
Oceans,  have  been  made  on  the  Oalilee  and  the  Carnegie,  190&-1915.  The  trac^ 
of  these  vessels  are  shown  on  the  map. 

The  Chairman.  Dr.  Bauer's  paper  is  open  for  discussion.  Have 
you  any  inquiries  to  make? 

Father  Sarasola.  I  wish  to  ask  whether  there  has  been  any  change 
observed  of  late  in  the  magnetic  pole? 

Mr.  Bauer.  The  changes  that  are  going  on  in  the  northern  part 
of  South  America  would  be  equivalent  to  a  motion  of  the  north 
magnetic  pole  south.  In  brief,  the  equivalent  magnetic  pole  appears 
going  south.  The  change  in  the  compass  direction  being  to  the 
west,  it  would  indicate  that  the  motion  of  the  north  magnetic  pole 
would  be  somewhat  in  a  southwesterly  direction,  but  just  how  much 
that  motion  is,  and  just  what  the  extent  of  it  is,  and  the  final  direc- 
tion, can  only  be  determined  by  a  consideration  of  all  of  the  observa- 
tions in  South  America  as  well  as  in  other  parts  of  the  earth. 

Father  Sarasola.  Those  changes  are  only  deduced  from  the  other 
evidences,  but  not  by  direct  observation. 

Mr.  Bauer.  Unfortunately  not.  The  poles  are  in  an  inaccessible 
region.  The  only  work  done  in  that  direction  has  been  by  a  member 
of  an  Arctic  exploration  party,  who  died  before  the  e:spedition  re- 
turned, so  that  up  to  date  the  results  are  not  yet  known. 

Mr.  MicHELSON.  I  should  like  to  ask  Mr.  Bauer  if  there  are  any 
corresponding  indications  as  to  changes  away  from  the  continent? 

Mr.  Bauer.  In  this  part  of  the  North  Atlantic  Ocean  the  observa- 
tions of  the  Carnegie  indicate  a  change  in  the  compass  direction  of 
about  12  minutes.  At  the  mouth  of  the  Amazon  at  Para  it  is  about 
16  or  16  minutes.  At  Pernambuco  at  the  present  time  it  is  about  16, 
17,  or  18  minutes.  The  largest  change  is  in  the  region  between  the 
mouth  of  the  Amazon  and  the  extreme  end  of  Brazil.  As  you  go 
north  it  diminishes  to  about  10, 11,  or  12  minutes. 

Mr.  HussEY.  Has  it  been  determined  on  the  west  coast  of  South 
America? 

Mr.  Bauer.  In  Colombia  the  compass  direction  change  is  about 
8,  4,  or  5  minutes.  In  Ecuador  it  passes  through  zero.  Through 
Peru  at  the  present  time  it  is  from  8  to  4  minutes;  through  Chile  it 
is  about  4  or  5  minutes;  toward  the  Argentine  it  is  about  4  minute& 
All  over  the  entire  South  American  Continent  the  changes  are  in  one 
direction,  although  the  amount  is  different.  Of  course,  it  will  vary 
considerably. 
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Father  Tondort.  I  would  like  to  ask  if  it  is  reasonable  to  suppose 
that  earthquakes  produce  any  effect  on  these  magnetic  changes? 

Mr.  Bauer.  If  there  were  any  change,  it  would  be  of  a  very  minor 
character.  Fortunately  we  started  out  on  our  ocean  work  from  San 
Francisco  in  1905  and  made  an  extensive  series  of  observations  on 
islands  at  various  points  around  San  Francisco.  I  believe  the  earth- 
quake there  occurred  in  1906.  So  in  1907  I  sent  out  observers  to 
locate  these  same  stations  in  the  vicinity  of  San  Francisco.  The 
various  magnetic  elements  were  determined,  the  declination,  dip,  and 
intensity,  and  only  trifling  changes  occurred  between  1905  and  1907, 
and  they  could  be  explained  by  secula  rchanges,  and  would  not  have 
to  be  referred  at  all  to  the  earthquake.  I  am  inclined  to  think  that  the 
much-quoted  observation  of  Humboldt  was  probably  the  result  of 
secular  changes.  It  is  not  impossible  that  there  might  have  been 
some  slight  change,  but  it  was  of  a  very  minor  ocder. 

Father  Tondorp.  In  some  work  which  I  have  been  carrying  on  in 
Africa  I  have  been  looking  up  the  earlier  history  of  the  geology  of 
Africa,  and  we  have  not  found  a  single  authenticated  record  of  an 
earthquake  of  any  importance  in  Africa.  Not  only  that,  but  we  can 
find  very  little  evidence  of  anything  like  volcanic  origin. 

Mr.  Bauer.  The  magnetic  changes  that  are  occurring  in  South 
America  are  also  occurring  in  the  African  Continent 

Father  Tondorf.  Exactly  so. 

Mr.  Bauer.  That  is  a  very  interesting  question. 

Father  Tondorf.  I  should  like  to  see  that  discussed,  because  I 
have  not  seen  any  record  of  their  having  earthquakes  and  no  mani- 
festations of  volcanic  action.    I  think  there  is  one  volcano  in  Africa. 

Mr.  Bauer.  Of  course,  there  has  been  volcanic  action  in  that  part 
of  the  world. 

Father  Tondorf.  Eoundabout,  but  not  there. 

The  Chairman.  Are  there  any  further  remarks  on  this  presenta- 
tion? I  think  it  should  be  said  that  the  ultimate  object  of  the  in- 
vestigations to  which  Dr.  Bauer  has  devoted  his  life  are  not  so  much 
to  get  measurements  and  other  results  which  may  be  useful  to  navi- 
gation or  to  surveying,  as  to  find  out  why  the  earth  is  magnetic  at 
all.  Why  should  the  earth  be  magnetic?  May  there  not  come  a  time 
when  it  will  become  nonmagnetic?  I  hope  that  the  vast  accumula- 
tion of  accurately  observed  data  may  enable  us,  or  more  likely  our 
successors,  to  answer  that  question. 

It  may  be  interesting  to  note  in  this  connection  that  the  solar 
observatory  in  southern  California  has  recently  discovered  that 
the  Sim  is  a  nonmagnetic  body.  That  observatory  is  now  at  work 
trying  to  determine,  or  to  make,  a  magnetic  survey  of  the  face  of 
the  sun.    Concerning  that  matter  our  colleague,  Prof.  Scares,  will 
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have  something  to  say  when  he  gives  his  illustrated  paper  in  the 
course  of  a  day  or  two. 

Mr.  Solon  I.  Bailey  will  now  read  the  paper  of  Julio  S.  Boletti  on 
^^Topographic  triangulations  of  the  right  margin  of  the  Yaguaron 
and  Yaguaron  Chico  Bivers  and  the  Arroyo  de  la  Mina.'' 


TRIAN6ULAC16N  topogrAfica  db  la  margbn  derecha  db 

LOS  RfOS  TA6UAR6N,  YA6UAR6N  CHICO  Y  ARROYO  DB  LA 
MINA. 

Por  JULIO  A.  ROLETTI, 
O/Mdl  OapUdn  del  BervMo  Oeogrdfico  del  Bstado  Mayor  Oeneral  del  Bj&rcUo 

de  Uruguay. 

ANTECEDENTE8. 

A  fines  del  afio  1913,  la  CoiniBl6n  Demarcadora  de  los  Lfraites  con  el  Brasll, 
debfa  efectuar  el  relevamlento  de  la  margen  derecha  de  loe  rfos  Tagoar^n, 
Yaguaron  Chico  y  Arroyo  de  la  Mina,  todo  en  nna  e^  tension  de  240  kU6metros 
aproxlmadamente.— No  ezistfa  triangiilaci6ii  geodMca  sobre  la  coal  hubiese 
sldo  poslble  apoyar  aqnel  trabajo,  nl  tampoco,  por  razones  varlaa,  era  posible 
construirla ;  esta  clrcunstancia  implicaba  por  consigoiente,  una  aeria  desventaja 
tunica  pues,  como  ea  blen  sabidOt  la  ^Jecocldn  de  un  relevamlento  topogrAfleo 
de  gran  extension  no  pnede  Uevarse  a  cabo  con  la  debida  exactltud,  si  ^  no  se 
apoya  sobre  puntos  cnya  posiddn  relatlva  haya  sldo  prevlamente  determlnada 
con  snfidente  predsldn. 

El  Sefior  Comlsarlo  de  Lfmltes  salv6  entonces  esa  dlflcnltad  recorrlendo  a 
nna  cadena  de  trUngolos,  constmldos  por  medio  de  m^todoe  y  aparatos  topo- 
gr&flcos,  qne  partlendo  del  lado  T.  O. — ^Pdlvora,  perteneclente  a  la  trlangaladdn 
geod^sica  Internacional  de  la  Laguna  Merfn.  debfa  llegar  extendldndose  a  lo 
largo  de  las  corrlentes  de  agua  ya  nombradas,  hasta  las  sierras  de  AceguA, 
donde  se  encuentra  el  punto  terminal  de  la  frontera  con  el  Brasll,  rectificada 
por  el  tratado  de  1909. 

El  14  de  noviembre  de  1913  el  Jefe  de  la  Comisidn  de  Lfmites  me  encomend6 
la  ejecncidn  de  aqnel  trabajo. — ^El  Sefior  Teniente  Don  Ednardo  F.  Zubfa 
con  el  personal  y  material  necesario  fueron  puestos  a  mis  6rdenes. 

Debo,  de  paso,  hacer  constar  qne  ese  sefior  Ofidal,  durante  on  tiempo  en  d 
cual,  por  razones  del  servicio,  estuve  ausente  de  la  zona  de  trabajo,  continn6 
^1  solo,  hasta  ml  vuelta,  en  la  ejecuci6n  de  los  trabajos  a  ml  cargo. 

Para  la  construccidn  de  la  triangnlad6n  topogr&flca,  el  tknico  aparato  de 
que  se  podfa  disponer  era  un  teodolito  '*  Stanley,"  de  graduaci6n  centesimal  y 
apredad6n  dlrecta  de  1'  solamente. 

Una  vez  terminado  el  bosquejo  del  trabajo  por  reallzarse,  condufdos  los 
c&lcidos  preliminares  y  organizado  el  personal  y  material  que  habfa  de  ser 
utilizado,  se  inici6  la  triangulaci6n  dos  dfas  despu^s  de  la  fecha  indicada. 

LONGITUD  DE  LOS   LADOS. 

Hasta  enero  de  1914,  el  relevamlento  de  la  margen  uruguaya  del  Rio  Tagua- 
r6n  se  hizo  por  el  m^todo  de  intersecciones  apoyadas  dlrectamente  sobre  los 
lados  de  la  triangulaci6n  topogr&fica.  Esta  clrcunstancia  impuso  la  neoesidad 
de  construir  tridngulos  cuya  magnltud  no  podfa  exceder,  en  general,  de  2,500 
metros  t^rmlno  medio. 
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A  mediados  de  enero  del  mismo  alio,  vistas  las  dlflcultades  opuestas  por  la 
naturaleza  del  terreno  y  a  fin  de  Imprimlr  mayor  rapidez  a  los  trabajos,  el 
Sefior  Gomlsarlo  de  Lfmltes  dispnso  la  organisaddn  de  otra  brlgada  topogrdfica 
encargada  ezcluslvamente  de  relevar,  por  el  m^todo  de  pollgonales,  la  margen 
umguaya  del  rfa  Bntonces,  por  lo  que  se  reflere  a  la  longltud  de  los  lados,  de 
lOB  trlAngnlos  mSIo  se  tnro  en  caenta : 

Ira  La  dase  de  aparato  ntlllzado. 

2do.  La  convenienda  de  fljar  los  vertices,  de  los  trUngalos,  de  modo  tal,  qne 
las  pollgonales  topogr&flcas  tuvlesen  comprobacl6n  cada  6,000  metros,  t^rmlno 
medio. 


Estas  dos  circunstanclas  permitieron  elevar  la  magnitnd  de  los  lados  de  los 
trUUigolos  hasta  5,000  metros  aproximadamente. 

MEDIDA  DE  XnGTJLOS. 


Desde  luego  consider^  que  el  ^Ito  de  los  trabajos  residfa  prindpalmente  en 
la  medida  de  los  dngulos.  Fueron  por  consiguiente  adoptadas,  a  este  respedx), 
las  mayores  precaudones. 

Teniendo  en  cuenta  que  la  predsidn,  en  lo  que  se  reflere  a  la  ublcaci6n  de  los 
vertices,  debfa  ser  superior  a  la  de  -rhn*  adoptada  para  las  pollgonales  topo- 
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grdficas,  y  en  atencl^n  a  la  apreciaci6n  del  aparato,  fij6  para  aqu^lla,  como 
nifnimnm,  la  de  -nn 

Veamos  cu&l  es  el  error  de  cierre  que  corresponde  a  esa  predsidn. 

Supongamos  que  en  la  medlda  del  dngulo  B.  A.  O.  (figura  1)  se  ha  cometido 
un  error  (e). 

Oonsideremos  loe  tri&ngulos  ABD,  DBB"yABM*y  8npuesti« 
semejantes  los  dos  tiltimos  tendremos : 


si  hacemos: 

y  despejando  se  obtlene: 


DB"    BM 
DB'^AM    w 

DB''=AG 


BM 


Pero  del  tridngulo  A  B  D  se  deduce : 

BD^AB  sen  e^Cw&ne 
sustituyendo  en  la  anterior  tendremos: 

BM 

£n  la  forma  equUdtera: 


BM 
AM' 
de  modo  que  de  la  (a)  obtendr^nos: 
AC 


1.73 


Yr=»error  relativo=1.73  sen  e 


'  Tratado  de  Topograffa  Moderna  por  el  Ingenlcro  Hilari6zi  Ruiz  Amado.     Tomo  II. 
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y  haciendo: 

AC        1  1 

C  "lO.OOO*  10.000^  1.73«8€n  e    (d) 

De  la  que  se  deduce: 

«=0«0037'^04 

Suatltnyendo  en  (d),-n,^nrTPor,yJirTT>  ©^  valor  obtenido  para  (e)  es:  18"  52. 

Quiere  feto  declr  que  para  obtener  la  precisi6n  de  nrivfrj  el  error  de  cierre 
en  los  tri&ngulos,  no  debe  exceder  de  1',  11",  12  y  55",  56  para  los  de  yirJ^. 

La  formula  que  para  obtener  el  error  temible  en  la  medlda  angular,  pro- 
porciona  la  teorfa  de  los  mfnimos  cuadrados  es,  como  se  sabe : 

Vn 

en  la  que  p=apreciacl6n  del   aparato,  N=ntimero  de  medldas,  y   e=error 
temible. 

Como  ya  qued6  expresado,  el  teodolito  que  se  utiliz6  aprecia  directamente 
1';  recnrriendo  al  t^rmino  medio  de  los  dos  nonius  la  apreciacidn,  para  una 
sola  medida,  puede  Juzgarse  en  60".  Midiendo  en  consecuencia,  cada  &ngulo 
cuafro  veces  y  efectuando  ocho  lecturas,  el  error  temible  para  cada  &ngulo 
serd: 


^-VT 


cantidad  M:a,  como  se  v^  inferior  a  la  necesaria  para  obtener  la  precision 

Me  propuse,  por  consiguiente,  medir  cada  fingulo  cuatro  veces,  las  dos 
primeras  por  el  m^todo  de  repetici6n  y  las  dos  liltimas  por  el  de  reiteracl6n. 
invirtiendo  previamente  el  anteojo.  Para  mayor  segurldad,  al  efectuar  la 
segunda  medida,  partfa  de  orfgenes  distintos. 

Fueron  adoptadas  asimlsmo  todas  las  precauclones  poslbles  en  lo  que  se 
refiere  a  puesta  en  estaci6n  del  aparato,  punterfa,  sefiales,  etc. 

El  resultado  obtenido  fue  superior  al  prevlsto;  de  los  62  tridngulos  cons- 
truidos,  en  52  el  error  de  cierre  fu^  inferior  a  55"  56,  es  declr,  inferior  al 
mdxlmo  admisible  para  obtener  la  precision  de  y^rJinr' 

En  los  dlez  trldngulos  restantes  el  error  de  cierre  fu6  siempre  inferior  a  1' 
11",  12,  lo  que  quiere  declr  que  los  vertices  fueron  siempre  fijados  con  una 
predsidn  superior  a  la  de  -nriinr-  Oonviene  declr  con  respecto  a  estos  dltimos 
diez  triftngulos,  que  ocho  de  ellos  estdn  ubicados  en  la  dltima  parte  de  la 
cadena :  fdcil  es  coraprender  que  a  pesar  de  todas  las  precauclones  adoptadas, 
al  llegar  al  final  de  los  trabajos,  el  teodolito  utilizado,  debido  a  la  clase  de 
metal  de  que  casi  todo  ^1  estd  construldo  y  a  la  necesldad  de  transportarlo 
diariamente,  durante  mds  de  seis  meses,  por  terrenos  sumamente  accidentados, 
debfa  sufrir  alteraciones  capaces  de  influlr  poderosamente  en  la  precisi6n  de 
las  medldas  angulares. 

Veamos  abora  el  error  temible,  en  el  extreme  de  la  cadena  dado  por  la 
f drmula : 


^-«V«(''*+^"*)  ^*^  ^^^ 


En  esta,  a=largo  del  lado  de  un  tridngulo ; 
n=ndmero  de  tridngulos=62 ; 
P=precisi6n  del  lado  de  partida; 
o=preclsi6n  del  teodolito  utilizado. 
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Como  valor  de  (a),  adoptaremos  la  longitnd  medida  de  los  ladoe  de  los 
tri&ngolos,  pertenecientes  a  la  cadena  de  que  aquf  se  trata,  la  qne  es  de  8,972 
metros. 

La  precision  del  lado  de  partida,  por  ser  este  nn  lado  de  la  trlanguladdn 
geod^sica  internadonal  de  (1)  Trlan^laci6n  del  Territorio  de  la  Reptiblica 
T.  I.  Obra  publlcada  por  el  Ministerio  de  Obras  Pdblicas  y  bajo  la  direccl6ii 
del  Oomandante  Pablo  Gros,  la  Laguna  Merfq  es  de  irnr^vt  como  mfnimuin. 

Bl  valor  a  lo  dedudremos  del  cierre  medio  de  los  tri&ngulos,  obtenldo  con 
el  teodoUto  Stanley;  el  cual  fn^  31",  08  lo  que  impllca  un  error  medio  z  a 
temerse  en  cada  &ngulo,  dado  por  la  f6rmula : 

f orzando  la  primera  cifra  decimal,  de  donde : 

X=18",  49 
Tomando  a : 

X=18" 
y  siendo: 

tendremos: 

18jr_ 

'*""2.(Jd0.000 
Sustituyendo  en  la  formula  (a),  las  letras  por  sus  valores  se  obtiene: 

€k)mo  la  exten8i6n  de  la  cadena  de  tridngulos  es  de  140  kil6metro8,  la  precision 
ser&  entonces : 

4.18  1 

140.000*33.492 

Medida  de  la  base  de  comprobaoidn  de  acegud, — ^En  las  sierra  de  acegu&  es 
dedr  proximo  al  eztremo  de  la  cadena,  fu6  medida  una  base  de  comprubadto 
y  al  efecto  se  utiliz6  una  dnta  de  acero  y  un  doble  decfmetro,  prevlamente  oon- 
trastados  en  la  Oflcina  de  Pesas  y  Medidas  de  Montevideo. 

La  base  fu6  medida  dos  veces  y  en  condidones  siempre  desfavorables  dada 
la  naturaleza  del  terreno  el  que  ademAs  de  estar  cnbierto  por  un  eq;»e80  dilrcal» 
es  de  sierra. 

El  resultado  fu^  el  siguiente : 

Medida  de  1 59  |-|W|"881  mtr.  369 
Medida  de  @-@"880  mtr.  879 

Di8cordanda== 0  mtr.  490  m.  m. 

A  lo  que  corresponde  la  siguiente  precision : 

0.49         1 
881^"2643 
La    longitud   de   la   base  de  Acegu6,   obtenida  por   la   medida 

directa  es  de: 881  mtr.  124 

La  dada  por  el  c&lculo  de  la  cadena  es  de 881  mtr.  820 

Discordancia : 0  mtr.  096  m.  m. 

Por  consiguiente  el  error  m&xlmo  a  temerse  en  el  desarrollo  de  la  cadena  ser& : 

0.696 
^7^=0.492 
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Ck)Q8idereino8  la  discordanda  hallada  y  apUquemos  el  m^todo  segnldo  por  el 
Ingeniero  Ruiz  Amado  en  su  obra  ya  citada,  Tomo  II. 

La  suina  de  los  ladoB  de  la  trlangulacl6n,  que  formando  una  cadena  poligonal, 
nnen  el  y^rtlce  T.  O.  extremo  de  la  base  geodMca  de  Rfo  Branco,  de  la  que, 
como  ya  qned6  ezpresado,  se  parti6,  con  el  extremo  de  la  base  de  AcegoAt 
es  poco  m^  de  HO, 000  metro$;  por  medio  del  signiente  c^cnlo  aencillo  obten- 
dremos  la  precision  a  que  conducen  aquellos  resultados : 

140,000:0.696:   :  100,000:  x,  la  coal  da  0  mtr.  49  por  100,000. 

Bn  coanto  al  resto  de  las  operadones  y  c^cnloe,  en  especial,  aqnellos  ligados 
a  las  observadones  astrondmicas,  no  se  exponen  aquf,  por  no  haber  sido  atln 
terminadoe. 

0ONCLU8IONK8 : 

A  primera  vista  parecerfa  que  este  trabajo,  por  no  revestir  on  car&cter  pnra- 
mente  geod^sico,  no  tiene  cabida  en  la  Seccidn  II  del  Segondo  Gongreso 
Gientfflco  Panamericano.  Pero  como  muy  bien  lo  dice  el  Ingeniero  Eduardo 
Icoangeli  en  su  obra  **  Triangolazioni  Topografiche  e  Triangolazionl  Oatastali,** 
las  trianguladones  puramente  topogr^Uftcas,  no  constituyen  otra  cosa  que  una 
continuad6n  de  las  geod^cas  y  ocupan,  dentro  de  las  categorfas  en  que  Mas 
se  dividen,  los  dltimoe  drdenes. 

Dada  la  extension  de  la  zona  abarcada  por  la  triangulad6n  topogrdfica 
de  que  aquf  se  habla,  eran  de  esperarse  resultados  muy  inferiores  a  los 
obtenidos,  m^ime  si  se  tiene  en  cuenta  la  poca  apreciad6n  del  aparato 
ntilizado.  Sin  embargo,  teniendo  en  cuenta  la  precisi6n  alcanzada,  no  serfa 
'  aventurado  establecer  que  en  aquellos  cases  en  que  no  sea  posible  recurrir 
a  otros  medios,  puede  tenerse  sufldente  comprobad6n  para  los  trabajos  de 
relevamientos  t<^)ogr&flcos,  si  se  les  apoya  en  trianguladones  topogr&ficas, 
aunque  ^staa  ocupen  una  extensa  zona  y  su6  ftngulos  bayan  sido  medidos 
con  aparatos  de  no  muy  grande  precisi6n,  pero  siempre  que  en  la  medida 
angular,  prindpalmente,  se  apele  a  las  mayores  precauciones. 

The  Chaibman.  If  there  are  no  other  questions  to  be  raised,  this 
subsection  will  stand  adjourned  until  9.80  to-morrow  morning,  and 
the  subsection  on  meteorology  and  seismology  will  meet  in  this 
room  at  2.30  p.  m.,  under  the  presidency  of  Prof.  Marvin. 


FIRST  MEETING  OF  SUBSECTION  B,  METEOROLOGY  AND 
SEISMOLOGY,  OF  SECTION  IL 

Carnegie  Institution, 
Tuesday  afternoon^  December  28^  1915, 

Chairman  Charles  F.  Marvin. 

The  session  was  called  to  order  at  2.30  o'clock  by  the  chairman. 

The  Chairman.  Before  beginning  our  program  I  should  like 
to  make  a  few  remarks.  In  the  first  place  I  feel  that  it  is  hardly  pos- 
sible for  me  adequately  to  do  honor  to  the  opportunities  and  re- 
sponsibilities that  are  placed  upon  me  as  chairman  of  this  subsection, 
but  I  bid  you  a  hearty  welcome  on  behalf  of  the  Weather  Bureau 
and  those  of  Washington  interested  in  meteorology  and  seismology. 

I  confidently  believe  that  the  discussions  and  deliberations  upon 
which  we  are  about  to  enter  will  be  productive  of  great  good  in  the 
development,  advancement,  and  extension  of  the  branches  of  science 
comprised  in  this  subsection.  Neither  meteorology  nor  seismology 
can  be  adequately  and  properly  studied  within  the  confines  of  any 
single  coimtry  or  nation,  even  though  its  territory  be  of  very  great 
extent.  International  cooperation  and  coordination  of  effort  are 
necessary  to  accomplish  the  greatest  results.  A  start  in  this  direc- 
tion was  made  many  years  ago  by  the  United  States  Weather  Bureau, 
when,  in  1873,  Gen.  Myer,  the  chief  signal  officer,  secured  the  ap- 
proval of  the  International  Meteorological  Congress,  then  meeting 
at  Vienna,  of  his  scheme  of  international  simultaneous  observations. 
More  than  a  year  was  consumed  in  fully  organizing  the  work,  and 
as  a  result  the  Signal  Service  on  January  1,  1875,  began  to  publish 
its  bulletin  of  simultaneous  meteorological  observations.  All  reports 
for  this  publication  were  forwarded  by  the  slow  process  of  mail, 
and  the  bulletins  were  necessarily  long  delayed  in  their  preparation 
and  issue. 

On  January  1, 1914,  the  United  States  Weather  Bureau  began  the 
issue  of  a  daily  weather  map  of  the  Northern  Hemisphere,  based 
upon  observations  collected  by  telegraph  and  cable.  In  addition  to 
reports  from  all  the  North  American  stations,  reports  were  also 
available  from  a  comparatively  large  number  of  stations  scattered 
over  the  northern  half  of  the  Eastern  Hemisphere. 

I  have  placed  on  this  board  for  those  who  care  to  examine  them 
more  carefully  and  are  not  familiar  with  them,  a  sample  of  one  of 
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these  maps.  One  of  its  faces  presents  a  chart  of  the  meteorological 
conditions  of  the  United  States.  On  the  reverse  we  have  a  weather 
map  for  the  Northern  Hemisphere.  These,  as  I  said,  began  to  be 
issued  on  January  1,  1914.  Unfortunately  this  publication  was  ter- 
minated promptly  at  the  opening  of  European  hostilitiea 

I  think  it  is  very  interesting  from  a  scientific  viewpoint  to  consider 
the  manner  in  which  this  chart  is  made  up.  The  temperature  dis- 
tribution is  represented  on  the  absolute  scale  of  temperature,  and 
the  pressure  distribution  is  shown  on  the  dynamic  scale,  in  C.  G.  S. 
units  or  millibars.  The  Weather  Bureau  is  prepared,  and  fully  in- 
tends, to  resume  the  publication  of  this  great  aid  to  scientific  meteor- 
ology just  as  soon  as  the  conditions  of  peace  among  the  warring 
nations  of  Europe  will  permit  the  exchange  of  meteorological  reports. 
In  the  meantime  a  great  need  exists  and  a  great  opportunity  offers 
for  the  extension  of  meteorological  services  southward  in  the  West- 
em  Hemisphere  and  the  organization  of  such  services,  so  as  to 
include  all  Central  and  South  America.  May  we  not  hopefully  look 
forward  to  the  time  when  the  whole  Western  Hemisphere  shall  be 
covered  with  a  comprehensive  network  of  meteorological  stations 
and  that  practicable  means  may  be  found  whereby  ships  at  sea  and 
plying  coastal  waters  may  regularly  report  by  wireless  and  otherwise 
the  elements  of  the  meteorological  conditions  they  experience. 

The  rapid  and  marvelous  development  of  wireless  agencies  of 
intercommunication  brings  the  day  nearer  and  nearer  at  hand  when 
the  hopes  of  the  meteorologist  may  be  realized  and  when  he  may  have 
before  him  day  by  day  weather  maps  showing  the  atmospheric  con- 
ditions over  the  whole  globe.  Then,  indeed,  can  the  great  and  small 
features  of  the  whole  problem  of  atmospheric  circulation  be  ade- 
quately studied  and  analyzed.  All  this,  perhaps,  is  highly  visionary, 
but  is  nevertheless  certain  to  come.  In  the  meantime,  as  yet  unoccu- 
pied land  areas  must  be  dotted  with  stations  equipped  to  observe  and 
report  meteorological  conditions  according  to  a  standard  system. 

In  discussing  these  matters  only  a  few  days  since  with  the  hon- 
orable the  Secretary  of  Agriculture,  he  pointed  out  the  opportunity 
afforded  by  this  congress  of  proposing  coordination  of  effort  among 
the  nations  south  of  the  Equator  to  accomplish  by  international 
cooperation  what  the  United  States  Weather  Bureau  has  been  able 
to  do  for  the  Northern  Hemisphere,  namely,  undertake  the  issue  of 
daily  weather  maps  of  the  Southern  Hemisphere.  This,  again,  may 
seem  visionary  and  a  long  look  into  the  future,  but  I  venture  to 
propose  it  nevertheless.  World  meteorology  is  by  no  means  a  new 
idea.  It  is  a  lofty  goal  to  keep  before  us,  and  while  its  attainment 
is  beset  with  serious  difficulties  these  can  be  overcome  in  time.  The 
result  is  not  one  that  can  be  reached  in  one  great  effort,  but  rather  by 
a  steady  and  legitimate  growth.    The  beginning  must  be  made  by 
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the  complete  organization  of  a  meteorological  service  in  each  country 
or  republic  throughout  all  the  Americas.  It  should  be  a  matter  of 
pride  for  each  nation  to  have  its  own  well-organized  service.  When 
meteorological  stations  are  numerous  and  widely  distributed,  the  col- 
lection of  daily  telegraphic  reports  from  a  continent  or  a  hemisphere 
is  little  more  than  a  question  of  cooperation  and  costs. 

Assuming  that  the  Weather  Bureau  will  resume  the  publication 
of  the  weather  map  of  the  Northern  Hemisphere,  can  not  this  con- 
gress strongly  recommend  that  meteorology  be  centralized  in  South 
America  by  some  appropriate  international  cooperation  and  agree- 
ment that  will  find  expression  in  a  daily  weather  map  of  South 
America,  for  example?  Is  not  this  a  first  essential  step  toward  the 
realization  of  the  world  meteorology  that  seems  so  desirable  ? 

I  can  not  occupy  your  time  now  to  enlarge  upon  this  theme  or 
to  enter  into  a  discussion  of  its  obvious  features.  What  is  desired  is, 
first,  the  establishment  of  well-organized  meteorological  services  in 
every  country  in  the  Western  Hemisphere.  Many  such  services 
now  exist;  others  should  be  created.  Second,  some  scheme  of  inter- 
national cooperation  should  be  worked  out  whereby  portions  of  the 
work  at  least  could  be  centralized  and  coordinated  so  as  to  provide 
for  the  issue  of  daily  weather  maps  for  South  America,  for  example, 
and  accomplish  other  desirable  results  that  can  be  brought  about 
only  by  friendly  cooperation. 

I  think  the  theme  that  has  been  so  prominent  in  the  discussion 
before  the  congress  thus  far,  of  highly  cordial  and  friendly  coopera- 
tion, is  one  that  affords  the  only  opportunity  of  securing  the  result 
that  we  want  in  the  advancement  of  the  sciences  of  meteorology  and 
seismology.  All  that  has  been  said  in  regard  to  meteorology  may  be 
equally  said  in  regard  to  seismology.  Only  by  international  co- 
operation can  the  desired  results  be  brought  about.  I  oflfer  these 
thoughts  to  you  at  this  time,  in  the  hope  that  they  may  find  some 
adequate  consideration  in  the  later  deliberations  of  the  session. 

The  first  paper  on  the  program,  "  Investigations  on  the  prediction 
of  barometric  variations  "  is  by  Rev.  Simon  Sarasola,  S.  J.,  director 
of  the  Montserrat  Observatory,  Cienfuegos,  Cuba. 


inyestigaciones  sobre  la  predicci6n  de  las  variaciones 

barom£tricas. 

Por  SIMON  sarasola,  S.  J., 
Director  del  Ohservatorio  de  Montserrat^  Cuba. 

E)  fundamento  de  todo  pron5sti€o  radonal  del  tiempo  ha  de  ser  la  preylsl6D 
do  las  altas  y  bajas  preslones.  Mlentras  no  se  conozca  en  una  region  deter- 
minadn  su  dlstrlbaci6n,  cu61  es  la  forma  de  las  isobaras,  qu^  variadones  hao 
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* 
manifestado  los  bardmetros  en  cierto  espacio  de  tiempo,  ser&n  muy  poco  ex^ctos 
los  pron6stlcos,  o  por  lo  menos  no  tendr&n  base  sdlida.    Que  ^ste  sea  el  sentir 
de  los  meteor61ogo8  nos  lo  dice  el  Dr.  Pernter. 

"  SI  Dosotros  conoddramoe  las  leyes  segtin  las  cuales  cambian  las  preslones 
de  una  forma  en  otra,  o  cmzan  por  Boropa,  o  tamblto  las  leyes  que  slgaen 
cnando  se  mantienen  estadonarias,  o  se  transfonu<in  y  se  presentan  bajo  otro 
asrecto,  entonces  resolverfamos  el  problems  del  tiempo  y  los  pron6sticos  se 
harfan  con  entera  certessa.  Procederfamos  con  ezactltud  matemAtlca  y  podrfa- 
mos  llegar  a  la  perfecci6n  con  que  los  astr6nomo6  predicen  los  movimientos 
de  los  planetas  u  otros  fen6menos  celestes.  .  .  .  Hasta  el  presente,  gradas 
a  la  experlencla  adquirida,  podemos  deducir  ciertas  leyes  empiricas  de  aplica- 
cl6n  limitada,  segtin  las  cuales  los  dlversos  tipos  de  la  distribuci6n  de  las 
preslones  permanecen  estuclonarios,  cambian,  se  transforman  o  desaparecen. 
Aun  este  conocimiento  empirico  se  refiere  a  los  cambios  de  un  dfa  para  otro." 

'*  Siendo  semejantes  leyes  tan  defectuosas,  la  diflcultad  de  prever  los  cambios 
de  presi6n  es  grande,  y  el  pron6stico  del  tiempo,  aun  para  el  siguiente  dfa,  es 
relativamente  inseguro.  Asi  que,  fundAndose  nuestros  teoremas  enteramente 
eu  la  experiencia,  las  personas  mAs  aptas  para  predecir  seHin  las  que,  por  llevar 
muchos  afios  de  pr&ctica,  ban  reunido  la  mayor  parte  de  princlpios  acerca  de  las 
va.'-iaciones  de  las  preslones  y  ban  aprendido  prdcticamente  las  muchas  modifi- 
caciones  a  que  se  hallan  sujetas.  En  los  prondsticos  de  un  dfa  para  otro,  los 
de  m&a  ezperiencia  llegan  a  acertar  mds  del  80%  de  las  predicciones ;  pero 
tratdndose  de  un  plazo  mayor  que  un  dfa  acerca  de  la  distribuci6n  de  las 
preslones,  las  probabilidades  son  tan  bajas  que  mAs  se  ban  de  esperar  fracasos 
que  resultados  satisfactorios.** 

Desde  que  se  pronunciaron  esas  palabras  ante  la  Asociaci6n  para  el  Pro- 
greso  de  las  Giencias  en  Viena,  el  alio  de  1908,  apenas  ha  habido  cambio 
notable  en  los  m^todos  de  predicci6n,  sobre  todo,  en  los  Gentros  Oficiales.  La 
obra  de  M.  Guilbert  puede  decirse  que  es  la  t&nlca  que,  fund&ndose  en  los  mapas 
sin6pticos  del  tiempo,  ha  sefialado  nuevos  derroteros.  No  hablamos  de  otras 
publicaciones,  como  THE  SUNSPOT  de  la  Universidad  de  Santa  Clara  en 
California,  que  se  funda  en  los  fen6meno8  solares. 

Es  yerdad  que  se  ban  hecho  tentativas  sobre  la  predicci6n  de  las  variaciones 
barom^tricas.  En  los  Anales  del  Observatorio  de  Montserrat  de  Cienfuegos, 
ntim.  1  y  2  indicamos  algunos  de  esoe  estudios,  como  los  del  Dr.  Exner. 
Dimes  tambi^n  a  conocer  los  perfodos  que  Mr.  Clayton  sefial6  en  el  American 
Journal  of  Science  y  las  conclusiones  deducidas  por  el  R.  P.  A.  Rodriguez  de 
Prada,  antiguo  Director  del  Observatorio  del  Vaticano,  acerca  de  la  periodi- 
cidad  de  las  variaciones  barom^tricas. 

Vamos  a  resumir  nuetras  investigaciones  sobre  esta  interesante  cuestidn. 
Nos  fundamos  en  hechos  no  en  teorfas.  El  problema  es  diffcil,  pero  muy  im- 
portante  para  el  meteordlogo  ansioso  de  conocer  de  antemano  qu^  variaciones 
podrdn  tener  las  preslones  en  la  atm<3sfera.  Nuestro  trabajo  no  es  perfecto,  es 
m&B  bien  un  ensayo,  pero  un  ensayo  que  en  bastantes  ocaslones  nos  ha  dado 
muy  buenos  resultados. 

La  periodicidad  de  las  variaciones  barom^tricas  se  puede  estudiar  baJo  dos 
aspectos:  (1)  examinando  las  alturas  m&ximas  y  mlnimas  de  las  preslones  en 
determinada  localidad,  la  Habana  por  ejemplo,  e  investigando  si  realmente 
existe  una  ley  periodica  para  ese  punto,  por  la  cual  se  pueda  fljar  y  prever  el 
dla  en  que  ha  de  subir  o  bajar  el  bar6metro.  (2)  Tambi^n  se  pueden  estudiar 
las  variaciones  de  la  presi6n  en  los  mapas  sin6pticos  del  tiempo,  es  decir,  abar- 
cando  regiones  extensas.  En  las  variaciones  bar6metricas  muy  bien  puede 
haber  perlodos,  cuya  existencia  no  aparezca  sino  teniendo  en  cuenta  la  forma 
de  las  isobaras,  la  extensi6n  del  cicl6n  o  anticicl6n,  su  intensidad  etc. 
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El  primer  m^todo,  si  bien  titll  en  muchos  casos,  puede  ser  compUcado  en  las 
reglones  en  que  esas  yarlaciones  son  frecuentes  y  rftpldas.  Asf,  por  ejemplo, 
al  E.  y  NE.  del  continente  norteamerlcano,  a  donde  convergen  los  temporales 
procedentes  del  W.  y  SW.  el  bar6metro  sobe  y  baja  en  el  Inviemo  con  gran 
rapidez  y  las  ondas  aparecen  muy  complicadas.  No  sucede  asf  de  ordlnarlo  en 
loe  pafees  tropicales,  como  Ouba,  donde  las  osclladones  de  la  presi^n  son  m&B 
regulares.  Las  ideas  qne  vamos  a  exponer  tienen  por  fin  sefialar  nna  nueva 
mta  para  prever  con  mncha  anticipacl6n  las  ^variaciones  de  la  presidn  atmo«- 
f^rica.  No  se  trata  de  prededr  las  Uuvias  o  los  cambios  de  temperatora. 
Gomo  decfamos  al  principio,  el  gran  problema  de  la  Meteorologfa  es  conoc^ 
de  antemano  la  distribuci6n  de  las  presiones  y  a  este  fin  dirigimos  nuestras 
investigaciones. 

Despu^  de  haber  estndiado  lo  que  dicen  Bxner,  Clayton  y  el  P.  Rodrignes 
ac^rca  de  las  variaciones  barom^tricas  y  baber  analizado  nomerosisimas  ob- 
servaciones  de  diversas  reglones,  tanto  de  la  zona  tropical  como  de  altas  lati- 
tudes, hemos  deducldo  qne  se  pueden  aprovechar  con  utilidad  algnnas  prc^;K>sl- 
clones  para  la  preyisi6n  de  los  cambios  qne  experimenta  la  presi^n  atmosfMca. 
Nos  limitaremos  sobre  todo  en  este  trabajo  a  los  huracanes  de  las  Antillas  e 
indicaremos  algo  acerca  del  m^todo  isob&rico. 

1.  Las  presumes  en  la  atmdsfera  se  invierten  periddioamente.  El  valor 
aproximado  del  periodo  es  de  90  dias. 

2.  Las  depresiones,  scan  profundas  o  no,  se  presentan  periddicamente.  La 
tendencia  a  bajar  se  maniflesta  cada  20  dias.  Clayton  sefUUa  un  periodo  de 
seis  a  siete  dias,  Etcner  de  11  p  22,  y  el  P.  ^driyuez  de  20,  Este  iUiimo  nos 
parece  mds  prdctioo  y  que  da  mejores  resuUados, 

La  primera  propo8ici6n  qniere  decir  que  si,  por  ejemplo,  el  15  de  Septiembre, 
el  bar6metro  est&  sobre  la  altnra  normal  correspondiente  a  ese  mes  en  nna 
localidad,  a  los  80  dfas  aproximadamente,  es  dedr,  el  15  de  Octubre  estar&  mAs 
bajo  que  la  normal  correspondiente.  Hay  algnnas  ezcq;>cione8,  pero  la  fre- 
cnencia  con  que  se  cnmple  esa  proposlci6n  es  notable. 

En  la  segunda  proposici6n  qneremos  dar  a  conoc^  la  tendencia  del  bar6metro 
a  bajar  o  estacionarse,  que  con  bastante  frecuenda  se  obsenra  20  dfas  antes  del 
minimum  barom^trico. 

En  prueba  de  lo  que  aflrmamos,  y  referi^ndonos  a  las  observadones  de  los 
pafses  tropicales,  yamos  a  poner  nn  cuadro  de  los  huracanes  m&s  Importantea 
que  ban  ocurrido  desde  1896  a  1915  en  las  Antillas,  indicando  las  alturas  del 
bar6metro  en  el  Obseryatorio  de  Belto  de  la  Habana.  No  tomamos  los  dates 
de  nuestro  Obseryatorio  de  Oienfuegos,  por  no  Ueyar  m&a  de  cnatro  afios. 


Peoha  del  hurao&zi. 

Minimum  del  bardmetro 
ysufeohs. 

BarOmetro  xm  mes  antes 
del  minimum. 

Tendenoia 

del  bar^me- 

tro20dlas 

antes  del 

mfn. 

1896. 
6-9  Sept 

6Sept 767.4 

OAjgo 708.0 

»E. 

19-24  Sept 

22  8«>t 750.9 

23  Ago 704.4 

D 

36-28  Sept 

28  Sept 764.8 

28  Ago 702.0 

9  Sept 701.1 

A. 

(^-14  0ct 

90ct. 765.4 

11  SeDt 780.4 

D. 

1897. 
10-13  Sept 

18  Aeo 704.0 

A 

18-28  Sept 

21  Sept 757.4 

22  Ago 762.0 

17Sept 702.3 

16  Ago 701.8 

D 

16-21  Oct 

17  Oct 768.8 

D. 

1898. 
10-16  Sept 

16  Sept 766.6 

D. 

36-20  Sept 

20  Sept 765.9 

26  Ago 708.2 

D. 

1-3  Oct 

lOot. 764.9 

2  Sept 701.8 

D. 

10-UOot 

10  Oct 764.6 

10  Sept 701.1 

D. 

>  E^estaolooario.   D^denenso.   Aaasoeoso. 
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Feohftd6lhanc4o. 


7-UAflO.. 

9-«Oct... 
)Oct. 


1900. 


l4-SB9pt 

1-iOct , 

U-14  0ot , 

)0<st , 


10-17  Ago.. 
U-17  8cpt. 
17-26  8«pt. 
l-«Oct.... 
11-16  Oct.. 


1001. 


1002. 

No  hobo  hmacaiMS  ni  partorlMk- 
ekoMi  de  importaooto. 


lim6A9>.. 

10-16  Sept. 
•-10  Oct... 


1009. 


13-14  Ttuiio. 
14-20  Oct... 


1904. 


2-9  Oct. 


1005. 


31  Ago.,  6  Sept., 
22-29  Sept. 
13-18  Oct.. 
1-7  Not..-. 


1906. 


18-19  Sept. 
11-12  Oct.. 


1907. 


28-20  Julio. 

U-14  8ept 

21  Sept.,  1  Oet. 
24-27  Oct 


1906. 


l».18AgD.. 
19-24  Ago.. 
10-17  Sept. 
22-28  Sept. 
2-11  Oct... 
U-12  Nov.. 


1900. 


6-10  Sept. 
12-14  Oct. 
14-17  Oct. 


1910. 


27-28  Ago. 


19U. 


U-16  0ct.. 
14-18  Nov.. 


1912. 


lUnimmn  del  bflf«6metro 
ysafecba. 


18  Ago 766u4 

SSept 756.0 

60ot. 766u7 

29  Oct 75L2 


SSept... 
14  Sept.. 
2  Oct.... 


749.0 

768.4 

767.2 

12  Oct. -.766.7 

28  Oct 766.9 


1915. 


18  Ago 760.4 

14  Sept 766^4 

26  Sept 766.5 

8  Oct 764.  J 

12  Oct. 767.  J 


12  Ago 767.9 

11  Sept 759.2 

10  Oct 766.7 


12Junio 764.6 

20  Oct 751.4 


6  Oct., 


.754.8 


6Sept 788.7 

24  Sept 764.8 

17  oS 783.1 

7Xov 754.9 


18  Sept 767.8 

UOrt 757.8 


29J^illo 760.2 

13  Sept 754.9 

lOct 765.3 

27  Oct- 756.4 


18  Ago 757.8 

24  Ago 754.9 

17  Sept. 753.5 

27  Sept 763.0 

11  Oct 789.4 

12N0V 769.8 


10  Sept 758.8 

14  Oct 748.3 

17  Oct 736w0 


28  Ago 768.6 


12  Oct 757.2 

14  Nov 758.7 


U-16Ago 

21  Ago.,  4  Sept. 

24-30  Sept 27  Sept. 


14  Ago 754.2 

2  Sept 757.2 


.764.4 


Bartfmetro  on  mes  antes 
del  mtnlmam. 


I 


13;ollo 762.7 

8Ago 762.3 

6Sept. 763.8 

28  Sept. 761.8 

6Ago 762.1 

16  Ago 763.6 

ISept 761.8 

12  Sept. 760.6 

28  Sept. 762.6 

HJnlio 768.6 

15  Ago 762.0 

26  Ago 762.0 

2  Sept 762.7 

12  Sept 768.3 


13Jullo 763.7 

12  Ago 759.9 

10  Sept 761.6 

13  Kayo 762.4 

20  Sept 763.2 

OSept 764.3 

6Ago 765.3 

25  Ago 762.1 

18  Sept 7614 

80ct 762.8 

19  Ago 764.8 

10  Sept 764.5 

20Jtiiilo. 76&1 

13  Ago 764.2 

ISept. 764.4 

28  Sept 761.1 

lOJuUo 764.0 

24  Julio 756.0 

16  Ago 762.0 

29  Ago 761.1 

9Sept 762.1 

13  Oct 764.0 

10  Ago 768.8 

14  Sept 761.6 

17  Sept 762.6 

29  Julio 764.1 

11  Sept. 7618 

16  Oct 763.4 

15  Julio 76a9 

3  Ago 7612 

28  Ago 761.2 


Tendeoda 

delbardme- 

tro20dia8 

antes  del 

mln. 


E. 
D. 
D. 


D. 
E. 
E. 
D. 
D. 


E. 
D. 
D. 
D. 
D. 


D. 
E. 


A. 
D. 


E. 


B. 
D. 
A. 
D. 


E. 
D. 


D. 
D. 
D. 
D. 


A. 
D. 
D. 
E. 
D. 
D. 


D. 
D. 
E. 


D. 
E. 


A. 
D. 
D. 


En  1913  y  1914  no  hubo  huracanea  ni  peiturbadooes  de  importancia. 
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Estos  titimos  datos  de  1915  est&n  tornados  de  nuestro  Observatorio  de  Cien* 
faegos.  Apenas  necesita  ezpllcacidn  el  cnadro  anterior.  La  fecha  sefialada  para 
el  huracdn  quiere  decir,  que  durante  esos  dias  se  experiments  su  mayor  o 
menor  influencia  en  Cuba  o  sua  inmediaciones,  segtin  iba  signiendo  su  de- 
sarroUo  y  curso  el  Observatorio  de  Bel^  Hacemos  notar,  que  puede  haber 
alguna  discrepancia  en  la  apreciaci6n  de  los  huracanes  o  meras  perturbaciones 
atmosf^icas  de  poca  intensidad;  pero  de  todos  modes  nos  parece  incompleta 
la  llsta  publicada  por  Mr.  O.  L.  Fassig  en  la  obra  titulada  "  Hurricanes  of  the 
West  Indies."  Por  eso  hemes  preferido  seguir  las  publicaciones  de  Bel^n,  que 
continenen  datos  mAs  ezactos.  Hemos  puesto  la  altura  maxima  del  barSmetro 
un  mes  antes  del  minimum,  si  bien  el  mes  puede  variar  entre  los  29  o  31  dias. 
El  valor  del  perlodo  de  inversion,  como  declamos  en  la  primera  proposici6n,  se 
acerca  mucho  a  los  30  dfas.  En  la  tiltima  casilla  indicamos  la  tendencia  del 
bardmetro  a  subir,  bajar  o  permanecer  estacionario  velnte  dIas  antes  del  hura- 
c&n.  No  siempre  se  han  de  tomar  veinte  dfas  matem&ticamente.  Esa  tendencia 
manifi^stase  a  veces  a  los  19  o  21  dfas,  o  se  acenttia  m&s  por  entonces.  ESn 
algunas  ocaslones  sucede  que  se  halla  el  bar6metro  como  estacionario,  de  mode 
que  la  media  es  casi  la  misma.  Entonces  decimos  que  las  presiones  estdn 
estacionarias. 

Una  dificultad  se  ofrece  aqul.  Es  verdad  que  existe  una  marcada  correlacidn 
entre  las  altas  y  bajas  presiones;  hasta  se  podrd  prever  que  el  bar6metro 
bajard  o  subird  aproximadamente  en  tal  dia,  pero  nada  se  dice  acerca  del 
valor  de  la  baja  barom^trica.  Se  puede  calcular  cudndo  bajard,  pero  no 
cudnto,  De  aqul  que  el  meteor6logo  no  sabrd  si  le  espera  un  verdadero  hura- 
cdn  o  una  insigniflcante  depresi6n. 

La  soluci6n  de  esta  dificultad  no  la  vemos  todavla :  el  dfa  en  que  se  calcule 
con  exact! tud  cudndo  y  cudnto  bajardn  las  presiones,  el  problema  de  las  vari- 
aciones  barom^tricas  estard  resuelto.  Ese  seria  el  ideal,  pero  es  poco  prever 
con  cierta  seguridad  la  marcha  general  del  bar6metro  con  tanta  anticipacidn? 
En  estos  diez  alios  prdcticamente  hemos  aplicado  a  la  prediccidn  de  los  huracanes 
nuestro  m^todo,  y  podemos  afirmar  que  nos  han  servido  no  poco  esas  ideas 
para  anunclar  con  preclsl6n  el  dfa,  la  baJa  barom^trica  y  cudndo  empezaria 
la  subida  de  la  presi6n  y  se  alejarfa  el  peligro  de  nosotros.  Pueden  verse  varies 
cases  en  el  ndm.  1  de  los  Anales  del  Observatorio  de  Montserrat  p.  32. 

Digamos  algo  acerca  de  este  m^todo  aplicado  a  los  mapas  sindpticos  del 
tiempo.    Hemos  escogido  por  muchas  razones  los  Weatfier  maps  de  Washington. 

Ante  todo  hacemos  notar  que  nos  limitamos  a  los  meses  de  invierno,  es 
decir,  desde  Noviembre  a  Marzo  inclusive.  En  la  primavera  y  el  verano,  como 
de  ordinario  la  turbulenta  circulaci6n  de  ciclones  y  antlciclones  no  adquiere 
la  intensidad  que  en  el  invierno,  se  tropieza  con  algunas  dificultades  mayores 
en  la  aplicaci6n  del  m^todo  de  prever  las  variaciones  barom^tricias. 

Las  altas  y  bajas  presiones  indicadas  por  los  high  y  low  de  los  mapas  sin6pticos 
de  los  Estados  Unidos  no  siempre  son  indlcios  de  perturbacidn  atmosf^rica 
notable,  muchas  veces  se  han  de  considerar  con  relaci6n  a  la  altura  de  los 
bar6metros  de  las  estaciones  mds  cercanas,  ni  ofrecen  en  ocaslones  inters 
especial  para  el  meteor61ogo  que  estudia  las  depresiones  de  alguna  intensidad. 
Por  la  extension  grande  del  contlnente  norteamericano,  esas  dreas  de  altas  y 
bajas  presiones  se  hallan  a  veces  diseminadas  en  tres  o  cuatro  zonas,  mas 
eso  no  quita  el  que  haya  un  centre  predomlnante.  En  ^te  conviene  fijarse  de 
ordinario. 

Supongo  conocidos  los  trabajos  mds  importantes  publicados  por  el  Weather 
Bureau  acerca  de  las  trayectorias  que  siguen  las  perturbaciones  cicl6nicas  en 
los  Estados  Unidos,  sus  diversos  tipos,  etc.,  pues  su  estudio  es  muy  titil,  y  si 
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blen  las  varlas  dasificacloDes  de  los  temporales  nada  nos  dlcen  en  cada  caao 
particnlar,  con  todo  ayudan  para  formarse  una  idea  sobre  la  mayor  o  menor 
inrobabilidad  de  la  aparicl5n  de  las  d^resiones  en  una  determinada  region. 

Hay  que  apllcar  las  proposiclones  arrlba  enunciadas  teniendo  en  cnenta  la 
forma  de  las  isobaras  y  su  orlentaci6n.  Cuando  las  depresiones  toman  la 
forma  de  nn  trough  es  declr,  cuando  son  d^resiones  largas  y  estrechas,  pareoe 
m6s  f&dl  prever  los  camblos  de  las  yariaciones  barom^trlcas. 

No  damos  por  terminadas  nuestras  investigacioneB,  pues  los  resnltados  no 
son  completamente  satisfactorlos  ni  matemdticamente  exactos.  Segdn  el 
m^todo  usual  del  los  Observatorios,  por  t^rroino  medio  se  considera  como  buen 
resultado  el  obtener  un  80%  de  los  pron6sticos  hechos,  y  eso  que  se  trata  de 
un  dfa  iwra  otro.  Pues  bien,  no  est&  muy  lejos  de  ese  tanto  por  ciento  el  que 
se  obtiene  aplicando  aquellas  proposiclones,  y  teniendo  en  cuenta  la  forma  de 
las  isobaras,  su  orientaci5n  y  la  trayectoria  que  en  las  diversas  ^pocas  del  alio 
siguen  los  huracanes  y  los  temporales  en  las  Antlllas  y  el  continente  norte- 
americano. 

The  Chairman.  Grentlemen,  you  have  all  heard  this  interesting 
communication.  I  am  sure  that  those  of  us  who  are  not  able  to 
follow  the  paper  in  the  Spanish  have  had  it  eloquently  summarized 
to  us  in  the  brief  r^sumS  that  Father  Sarasola  has  given  in  English. 
Fluctuations  of  barometric  pressure  are  imdoubtedly  of  very  vital 
conaequence  to  the  forecaster.  Any  studies  that  disclose  the  causes 
of  fluctuations  and  help  to  fix  their  time  of  beginning  and  ending 
and  intensity  will  be  of  great  advantage  in  forecasting.  The  paper 
is  oi)en  for  discussion.    Are  there  any  remarks? 

Mr.  Frankbnfield.  I  should  like  to  ask  Father  Sarasola  whether 
his  observations  as  to  the  appearance  of  these  barometric  maxima 
and  minima  were  confined  to  Cuba  or  were  they  extended  generally 
over  the  United  States. 

Father  Sarasola.  I  have  made  many  predictions  for  the  United 
States.  I  have  put  down  the  date  when  a  high  or  low  would  come, 
sometimes  a  week  before  or  two  weeks  before. 

Mr.  Frankenfuxd.  And  the  particular  locality? 

Father  Sarasola.  Yes ;  sometimes.  I  can  say  that  I  have  succeeded 
many  times.    Of  course  there  are  some  failures. 

The  Chairman.  The  next  paper  on  the  program  is  one  that  deals 
with  a  most  important  question  of  meteorology — the  origin  and 
course  of  West  Indian  hurricanes.  You  all  realize  that  these  great 
tropical  storms  are  very  difScult  of  comprehension  in  their  mecha- 
nism and  behavior.  It  seems  to  me  that  they  give  one  of  the  best 
illustrations  and  one  of  the  simplest  exhibitions  of  the  forces  causing 
and  maintaining  cyclones  in  general  They  are  the  purest  types  of 
cyclonic  formation.  It  gives  me  pleasure  to  announce  the  next 
paper, "  The  origin  and  course  of  West  Indian  hurricanes,'*  by  Sefior 
Don  Jos6  Carlos  Mill&s. 
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GENESIS  Y  MARCHA  DE  LOS  HURACANES  ANTILLANOS. 

Por  JOSfi  CARLOS  MILLAS    Y    HERNANDEZ, 
Subdirector  del  Obaervatorio  Nacional  de  Cuba, 

En  la  Investigaci^Q  de  las  fuerzas  que  concurren  a  la  formad^n  y  desarrollo 
de  los  distlntos .  organlsmos  que  demandan  la  atenci^n  del  obserrador,  ae 
encuentra  muchaa  veces  que  no  son  las  mismas  las  que  detennlnan  la  vlda 
embrionarla  de  ese  organismo  y  aquellas  que  mAs  tarde  actuar&n  en  el  proceso 
de  su  evoluddn.  Asf,  las  fuerzas  que  Intervlenen  en  el  movimlento  espiral  de 
las  nebulosas,  blen  pudiera  afirmarse  no  son  las  que  ban  asistido  a  la  constltu- 
cl6n  del  fttomo  de  materia  primitlva ;  asf,  un  cometa  no  debe  su  genesis  a  las 
mismas  fuerzas  que  m&s  adelante  lo  ban  de  bacer  describir  una  secci^n  o6nica 
con  foco  en  nuestro  Sol ;  asf  tambl^  en  el  campo  de  lo  infinitamente  pequefio, 
se  balla  que  los  electrones  no  reconocen  como  fuerzas  prlmeras  a  aquellas  que 
Inego  intervlenen  en  sua  movimientos  complicados;  pero  al  concentrar  nuestra 
atenci5n  en  el  grupo  de  fendmenos  que  se  designs  como  buracanes  antillanos, 
encontramos  que  todo  parece  Indicar  que  alguna  o  algunas  de  las  fuerzas  que 
intervlenen  en  la  etapa  primera  de  su  existencia,  no  se  extlnguen  allX,  sine  que 
persistiendo  van  a  determinar  su  desarrollo  y  marcba. 

Es  convenlente  considerar,  en  primer  t^mino,  los  lugares  donde  se  forman 
los  buracanes  de  las  Antillas,  o  mejor  dicbo,  los  lugares  donde  se  ban  formado 
los  buracanes  que  se  ban  estudiado.  Queremos  ver  si  esos  puntos  en  los  cuales 
nace  el  embri5n  de  la  tormenta,  que  dfas  despu^  ba  de  azotar  furiosamente 
a  algdn  desgraciado  navfo  que  cayere  entre  sus  espiras  y  que  m&s  tarde  ba  de 
barrer  materialmente  las  siembras  de  industriosos  agricultores,  sembrando  en 
cambio  la  destruccl6n  y  la  muerte ;  de  esa  tormenta  traicionera  que  envfa  como 
beraldo  al  meJor  de  los  tiempos;  queremos  saber,  repetimos,  si  esos  puntos  de 
origen  estdn  relacionados  con  los  elementos  meteoroI6gicos  de  las  dlstintas 
localidades,  y  el  modo  de  variar  esta  relaci6n ;  si  influye  en  ellos  la  configura- 
ci6n  de  tierras  y  mares ;  si  las  corrientes  superiores  de  la  atm6sfera  contribuyen 
poderosamente  a  situarlos,  6  si  al  contrario,  son  las  inferiores  las  dnicas  que 
intervlenen  en  el  proceso ;  en  una  palabra,  queremos  determinar,  si  es  posible, 
la  causa  o  causas  que  ban  Htuado  a  esos  puntos  iniciales. 

Este  problems  de  la  situaci6n  de  los  lugares  donde  surge  el  buracdn,  puede 
considerarse  de  dos  dlstintas  maneras.  Podemos,  en  primer  lugar,  tratar  de 
deducirlo  te6ricamente,  teniendo,  desde  luego  en  cuenta,  las  causas  que  con- 
tribuyen a  la  formaci6n  del  fen6meno  meteorol6gico ;  podemos  tambito  por  las 
estadlsticas  inferir  cuales  son  las  regiones  mA»  apropiadas  para  su  desenvoM- 
miento. 

Como  aun  no  bemos  tratado  de  los  factores  que  contribuyen  a  la  gtoesis  de 
esas  tormentas  tropicales,  no  nos  corresponde  tratar  de  darle  solucidn  al 
problema  desde  el  primero  de  los  puntos  de  vista  expuestos.  De  modo  que  la 
consideraci5n  ser&  becba  atendiendo  al  segundo  m^todo. 

Mucbos  son  los  autores  que  ban  escrito  sobre  esos  puntos  de  origen,  desde 
Redfield  y  PoSy  basta  los  ilustrados  profesores  del  Weatber  Bureau  de  los 
Estados  Unidos,  Garriott,  Fassig  y  otros.  Pero  hay  que  cbnvenir  en  que  la 
mayor  parte  llega  a  concluslones  con  el  estudio  de  un  corto  ndmero  de  esta 
dase  de  ddones,  y  por  lo  tanto,  sus  deducdones  tlenden  a  estar  a  veces  en 
desacuerdo  y  a  veces  tambi^n  en  completa  oposiddn. 

Uno  de  los  mfts  geniales  investigadores  en  esta  rama  de  la  Meteorologfa,  el 
P.  Benito  Vifies,  del  estudio  de  derto  ndmero  de  ddones  tropicales,  deduce  los 
lugares  de  formaddn  y  los  expone  categ6ricamente  en  sus  conoddas  obras.  Asf 
DOS  dice  que  los  ciclones  al  comenzar  la  estacidn  (de  fines  de  Mayo  a  prindpios 
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de  Junio)  se  forman  por  lo  general  en  Barlovento;  hada  el  anr  de  las  lalaa 
de  Gabo  Verde,  los  de  Agosto;  los  de  Septiembre  algo  al  eate  de  las  AntUlaa 
Menores ;  los  de  la  primera  d^cada  de  Octnbre,  en  la  pOTCi5n  oriental  del  Mar 
Garlbe;  los  de  la  segnnda  y  tercera  d^cada  del  mismo  mes  en  la  porci6n  occi- 
dental del  Mar  Oaribe  y  parte  del  Golfo  de  Mexico;  los  de  Jnlio  siguen  las 
mismas  l^es  que  los  de  Septiembre ;  y  los  de  Junio  (tercera  y  segonda  d^cada)  ^ 
gaardan  analogfa  con  los  de  ia  primera  y  segonda  ddcada  de  Octnbre. 

No  sab^nos  el  ntimero  de  hnracanes  observado  por  el  P.  Vifies  para  llegar 
a  la  conclusion,  expuesta.  Decimos  esto,  porque  son  varias  las  anomalfas 
observadas  con  relacidn  al  pnnto  de  origen  y,  como  veremos  m&s  adelante,  ano- 
malfas tambi^  en  las  trayectorias,  que  nos  hace  pensar  si  serfs  snficiente  ese 
ndmero  de  huracanes  para  llegar  al  resultado  indicado.  Gidones  de  Agosto 
se  ban  engendrado  en  pleno  Mar  Caribe  y  algunos  bi^i  al  oeste ;  lo  mismo  pnede 
dedrse  de  muchos  dclones  ocurrldos  en  el  mes  de  Septiembre. 

Bedentemente,  a  prindpios  del  afio  1918,  d  dtado  profesor  del  Servido 
MeteorolOgico  de  los  Estados  Unidos,  Oliver  L.  Fassig,  public6  nn  magnfflco 
estndio  sobre  los  huracanes  de  las  Antillas,  en  forma  de  Boletin  X,  del  Weather 
Bureau.  En^una  carta  geogrftfica  indica  los  puntos  de  origen  de  dento  treinta 
huracanes  por  ^1  estudiados,  desde  el  afio  1876  al  1910.  En  ese  piano  est&n 
designados  los  puntos  de  formaddn  con  cfrculos  de  distintos  colores;  los  de 
Junio  y  Julio  por  cfrculos  negros;  los  de  Agosto  por  rojos;  los  de  Septiembre 
por  azules;  y  los  de  Octubre  por  amarillos.  Bste  procedimiento  permite  dis- 
tinguir  rApidam^ite  la  ley  que  siguen  los  puntos  iniciales  en  las  distintas 
^pocas.  Asf  nosotros  dirfamos  que  los  temporales  de  Junio  y  Julio  parecen 
formarse  en  la  porddn  ocddental  del  Mar  Caribe;  los  de  Agosto  y  Septiembre 
«i  las  inmediaciones  dd  meridiano  57^  W.  de  Greenwich;  y  los  de  Octubre 
tambi^n  en  la  porci6n  ocddental  del  Mar  Caribe.  Bsto  es  lo  que  se  desprende 
de  los  grupos  que  forman  los  drculos  de  distintos  colores  en  el  piano  de  Mr. 
Fassig. 

Ahora  hay  que  advertir  que  en  Junio  y  Julio  se  encuentran  cfrculos  negros 
en  las  Islas  de  Barlovento;  que  nos  encontramos  con  cfrculos  roJos,  represen- 
tando  temporales  en  formaci6n  en  Agosto,  en  el  Mar  Caribe,  al  E.  de  las 
Bahamas  y  en  pleno  Golfo  de  M^ico ;  y  finalmente,  que  hallamos  los  amarillos 
cfrculos,  correspondlentes  a  los  puntos  de  origen  de  los  huracanes  de  Octubre, 
en  el  Golfo,  sobre  Cuba  y  al  E.  y  N.E.  de  las  Islas  de  Barlovento.  Todas  estas 
anomalias  en  ndmero  sufidente  para  que  Justiflquen  un  estudio  mds  complete 
de  los  orfgenes  de  los  dclones  tropicales. 

Hay  un  dato  curioso  en  este  piano:  la  casi  totalidad  de  drculos  cae  dentro 
de  la  zona  comprendida  entre  la  isob:lrica  media  de  759.50  mm.  y  la  isob&rica 
media  de  702.00  nmi.  Si  no  tenemos  en  cuenta  la  §poca,  podrfamos  decir  que 
eieione*  normales  9on  lo9  que  8e  forman  en  el  aniUo  parabdUoo  menoUmado; 
y  anormdles,  lo$  que  9e  originan  fuera  de  €1;  hadendo  notar  que  los  orfgenes 
parecen  son  m&s  numerosos  en  una  banda  central  de  ese  anlllo  parabdlico. 

El  profesor  Fassig  calcula  los  puntos  de  origen,  promedios  de  dento  treinta 
y  cuatro  huracanes,  siendo  bus  resultados  los  siguientes : 
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Pero  hay  que  tener  en  cuenta  que  aqui  entran  todos,  es  decir,  los  uormales  y 
los  anormales. 

ESstas  dfras,  en  realidad,  son  poco  convincentes.  M&s,  mucho  m&s  lo  es  el 
piano  dtado  y  el  estudio  r&pido  que  con  €i  a  la  vista  puede  hacarse. 

Debe  indicarse  que  no  se  nos  escapa  el  hecho  siguiente:  que  es  Mumamente 
^dificU  fijar  con  exactltud  matemfttica  el  punto  de  origen;  lo  es  hoy  y  lo  ha 
sido  siempre.  De  modo  que  no  debemos  dejarnos  iluslonar  por  el  piano  que 
tUtimamente  hemos  estado  estudiando,  con  sus  colorlnes  clrculares,  creyendo  a 
f6  dega  que  e«o«  son  los  verdaderos  puntos  de  formaci6n.  Muchos  de  ellos, 
indudablemente,  sefialarftn  las  posicioneu  probables,  qulz&s  las  verdaderas; 
pero  otros  deben  estar  algo  equivocados. 

Por  grande  que  sea  el  error,  sin  embargo,  no  creemos  que  afecte  a  nuestra 
lndicaci6n  sobre  el  anillo  parabi^Hco.  Y,  volviendo  a  hacer  caso  omiso  de  las 
^;)oca8,  la  relaci6n  entre  los  ortgenes  y  la  mencionada  matriz  anular,  por  lo 
tanto,  serfa  perslstente. 

Varias  son  las  hip6tesis  que  se  ban  emitido  para  explicar  la  formaci6n  de 
dclones.  Encontramos  autores  que  aplican  sus  teorlas  a  todos  los  casos  de 
dclones  (en  la  acepci6n  propia  de  esta  palabra) ;  y  aun  la  misma  para  dar 
soluci6n  a  la  circulaci6n  general  de  la  atm6sfera,  explicando  de  este  modo  los 
vlentos  peri6dlcos  y  las  altas  corrlentes  a tmosf Ericas.  Como  veremos  m&s 
adelante,  todo  parece  Indicar  que  no  siempre  las  mismas  condiciones  meteorol6- 
gicas  se  encuentran  en  los  momentos  en  que  surge  el  embrI6n  de  una  tor- 
menta  de  latitudes  medias  o  de  un  cicl6n  tropicaL  Y  es  natural,  que  no  siendo 
iguales  las  circunstancias  bajo  las  cuales  se  desarroUan  estos  fen6menos 
atmosf^ricos,  toda  teorfa  que  trate  de  dar  cuenta  de  ambos,  sin  la  intro- 
ducci5n  de  algunos  factores  que  se  diferencien  segun  los  casos,  es  una  teorfa 
que  a  priori  podrfamos  calificar  de  Inadecuada. 

Bn  el  afio  1820,  H.  W.  Brandes  de  Alemania  lanzd  la  hip6tesis  de  la  con- 
densacidn  del  vapor  de  agua  en  la  atm6sfera  como  causa  efldente  para  el  de- 
sarrollo  de  un  cicl6n.  Segun  ^1,  la  precipitaci6n  en  forma  de  lluvia  le  quitaba 
a  la  atm^sfera  parte  de  su  volumen  y  peso,  produci^ndose  la  afiuencia  del 
aire  de  todos  los  lados  y  dando  por  resultndo  la  formaci6n  de  un  remolino  que 
luego  se  convierte  en  furioso  hurac&n. 

AHos  despu^,  Espy  desenvuelve  independientemente  la  teoria  de  Brandes, 
pero  indicando  que  si  bien  es  clerto  que  la  precipitaci6n  del  vapor  de  agua 
exlstente  en  la  atmdsfera  puede  robarle  determinada  parte  de  su  peso,  tambi^n 
habfa  que  tener  en  cuenta  que  implicaba  una  gran  oantidad  de  calor  latente; 
y  que,  naturalmente,  el  aire  adyacente  se  expansionarfa  contribuyendo  a  la 
mejor  organizaci6n  del  meteoro. 

Dove,  en  cambio,  trat6  de  explicar  el  fen6meno  meteorol6gico  del  cicWn,  por 
una  acddn  mecdnlca,  haciendo  hincapi^  en  la  gran  influencia  de  corrlentes  de 
opueetas  direcdones. 

Estas  dos  teorlas  se  han  diacutido  mucho  y  aun  se  siguen  discutiendo.  De 
ellas  han  surgido  otras  varias,  que  difleren  en  el  modo  de  desenvolver  las  ideas 
primeramente  expuestas ;  y  cada  una  de  las  cuales  cree  haber  contestado  satis- 
factorlamente  a  todas  las  preguntas  sobre  la  genesis  y  el  mantenimiento  del 
dcl5n. 

Designaremos  a  la  primera  y  sus  derivadas,  como  generalmente  se  hace,  con 
el  Dombre  de  "teorfa  de  la  condensaddn " ;  y  a  la  segunda  la  llamaremos 
••  teorfa  dinAmlca." 

Espy  Bostenfa  que  en  todos  los  casos  de  pequefias  tormentas  sobre  tierras, 
el  movimlento  era  radial,  es  dedr,  directamente  hada  el  centro.  Redfleld,  sin 
embargo,  argumentaba  a  favor  del  movimlento  giratorio  de  las  tormentas, 
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habiendo  estndiado  pr&ctlcamente  el  mendonado  movlinlento  ^i  las  tormentas 
del  oc^ano.  Y  ^ta  era  la  misma  opinion  de  Ferrel.  Decfa  este  gran  mete- 
ordlogo  y  educador  americano,  que  cuando  en  una  locaUdad  el  aire  de  de- 
tenninada  regidn  y  hasta  derta  altura  bastante  considerable,  se  calentaba  por 
caalquier  motivo,  de  modo  tal,  que  resnltaba  de  mayor  temperatura  que  el 
aire  adyacente,  se  entablaba  una  corriente  ascendente  en  esta  masa  de  aire 
caliente;  y  en  la  parte  superior  habfa  efusi^n  de  aire  en  todas  direcciones. 
EiSta  es  la  causa  de  que  disminuya  la  presidn  atmosf^ca  en  el  centro  de  la 
masa  caliente,  aumentando  por  el  contrario,  la  de  todo  el  borde  adyacente  que 
reclbe  el  derrame  menclonado.  Entonces  Ferrel  toma  en  considerad^n  la  ro- 
taci6n  del  planeta,  para  explicar  el  movimiento  giratorio.  Nos  dice  que  si  la 
Tierra  no  girase  sobre  su  e}e,  el  aire  que  se  mueve  hada  el  centro  caliente 
donde  hay  falta  de  presi6n,  lo  haria  siempre  en  Ifnea  recta,  es  decir,  se  dirigirfa 
directamente  hacia  el  centro ;  pero  la  rotaddn  del  astro  introdudrd  una  desvi- 
addn  hacia  la  derecha  de  la  direcd6n  del  movimiento  en  el  hemisferio  boreal, 
y  se  tendrIL  como  resultado  un  movimiento  giratorio  al  rededor  del  centro,  un 
remolino. 

Oreemos  conveniente  dedr  dos  palabras  sobre  esa  fuerza  que  obra  hacia  la 
derecha  en  nuestro  hemisferio,  y  hacia  la  izquierda  en  el  austral,  ya  que  se  ha 
tocado  el  punto  de  la  influenda  de  la  rotaddn  de  la  Tierra. 

El  primero  en  demostrar  analfticamente  el  teorema  tu6  G.  CJoriolis,  en  el 
afio  1835.  En  el  de  1837  Poisson,  c^lebre  matemdtico  franco,  en  una  comuni- 
caddn  a  la  Academia  de  Olendas,  anundaba  el  descubrimiento  de  esta 
influenda.  Mfts  tarde  Tracy,  en  1843,  did  una  explicad5n  del  moYimlento 
giratorio  de  la  tormenta  basada  en  el  principio  citado.  Y  flnalmente,  el 
estudioso  Ferrel,  lleg6  a  la  misma  conclusion,  al  parecer  independientemente, 
hadendo  aplicad6n  inmediata  del  teorema  y  publicando  su  resultado  en  1859. 
IjOS  demfts  meteorologistas,  Mohn,  Guldberg,  y  otros,  lo  dnico  que  han  hecho 
ha  sido  copiar  materialmente  a  los  autores  citados. 

Si  Ferrel  ha  encontrado  una  ley  y  la  ha  aplicado  en  general  a  los  dclones  de 
cualquiera  de  los  dos  hemisferios,  no  descubre  el  que  no  hace  m&s  que  aplicar  el 
prindpio  general  del  teorema  a  determlnada  clase  de  tormentas,  como  han 
hecho  algunos  meteorologistas. 

El  teorema  de  CJoriolis  en  la  forma  que  se  adapta  mejor  a  fines  pr&cticos  es 
pues  la  ley  meteoroldgica  de  Ferrel ;  ley  que  no  tiene  ezcepciones.  El  teorema 
sin  embargo  es  m&s  ampllo. 

Otra  teorfa,  que  alguien  ha  Uamado  hidrodindmica,  en  contraposiddn  a  la 
de  Espy,  que  es  en  este  case  la  termodindmica,  considera  el  caso  de  la  gene- 
rad5n  de  un  cid6n  como  un  simple  problema  en  hidrodin&mica.  En  ella  la 
acd6n  t^mica  local  se  subordina  a  la  acd5n  gener<U  del  gran  remolino  que 
gira  al  rededor  del  polo  terrestre;  y  considera  que  lo  que  actualmente  ocurre 
es  que  en  la  gi-an  corriente  del  ocddente  se  forman  pequefios  remolinos,  las 
tormentas,  que  son  llevados  por  la  corriente  general.  Esta  ee  la  opinion  del  Dr. 
Hildebrandsson. 

Un  estudio  detenido  de  la  hip6tesis  mencionada  nos  llevarfa  a  conslderar  las 
diversas  teorfas  que  sobre  la  drculaci5n  general  de  la  atm6sf era  se  han  emltido ; 
desde  las  ideas  de  Hadley,  Dove  y  el  mismo  Ferrel,  hasta  las  m&s  modemas 
de  Max  M511er,  Oberbeck,  y  von  Siemens.  Es  indudable,  sin  embargo,  y 
creemoe  que  puede  admitirse  provisionalmente  por  lo  menos,  que  no  son 
solamente  causas  locales  las  que  intervienen  en  la  organizaci6n  del  cicl6n ;  que 
hay  causas  generalee  tambi^n,  algunas  de  las  cuales  quedan  sefialadas  por 
varies  meteor61ogos. 

Volvamos  otra  vez  a  conslderar  la  idea  de  aquel  estudioso  maestro  de  escuela 
en  Tennessee,  Ouillermo  Ferrel.    Su  v6rtice  tiene  una  superflde  cilindrlca  que 
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lo  llmita,  y  asmne  41  xm  centro  de  aire  callente;  afaera  esti  ^  aniUo 
peridddnlco ;  y  entre  estas  dos  partes  hay  la  superfide  donde  la  v^uddad 
giratoria  desaparece. 

La  teorfa  alemana,  cuyos  partidarlos  son  Reye,  Mohn,  Oberbeck  y  otros,  esk 
cambio,  no  admite  la  superfide  llmf trofe ;  tiene  solamente  una  region  en  la  cual 
la  yelocldad  vertical  crece  con  la  altura,  y  otra  region  exterior  a  la  niencionada 
sin  componente  vertical;  la  veloddad  mAxlma  encontrftndose  entre  bis  dos 
regiones. 

Sin  embargo,  tanto  Ferrel  como  los  otros  meteor61ogos  tenlan  en  cuenta 
solamente  las  observadones  hechas  en  la  superfide  de  la  Tlerra.  ^Acaso  los 
elementos  meteoroldgicos  no  variarlan  conslderablemente  con  la  altltud? 
iCu&les  serfan  las  correspondlentes  condldones  al  pasar  un  centro  de  mfnlma 
por  determlnada  regidn  a  gran  altura? 

Bl  gran  meteorologista  austriaco,  Dr.  Julio  Hann,  ha  contribuldo  grandemente 
al  conocimiento  que  de  las  varladones  &i  los  elementos  meteorol6gicos  a  grandes 
altitudes  tenlamos.  Asf  ^1  encuentra  que  los  ddones  poseen  una  masa  de  aire 
frfo  y  los  anticidones,  en  camblo,  otra  de  aire  relatlvamente  callente ;  las  cuales 
surgen  por  causas  puramente  dindmUxu,  naddas  de  la  drculaddn  general  de 
la  atm6sfera  y  no  por  causas  t&rmicaa. 

Bs  Interesante  el  hecho  de  que  estas  observadones  efectuadas  ^i  el  Observa- 
torio  de  Sonnbllck,  se  robustecen  por  las  deducclones  te6ricas  de  von  Helmholts. 

Y  los  estudlos  de  otros  meteorologistas  modemos  tienden  a  corroborar  la  hip6- 
tesls  dindmica,  considerando  que  la  acddn  mec&nica  es  la  de  prlmera  impor- 
tancia  en  la  formad6n  de  disturblos  atmosfMcos. 

El  profesor  Bigelow,  del  Weather  Bureau  de  los  Estados  Unidos,  en  un 
admirable  estudio  publicado  en  la  revista  de  ese  centro  dentffico,  establece 
como  derta  la  existencia  en  todo  cicl<5n  de  la^influencia  poderosa  de  tres  cor- 
rlentes  pr^cticamente  independientes :  la  corrlente  general  del  oeste,  la  corriente 
frfa  del  noroeste  y  la  templada  del  sur.  Estas  investigaciones  lo  llevan  a 
formular  los  siguientes  resultados : 

(1)  El  clcl6n  no  se  forma  de  la  energfa  del  calor  latente  de  condensacidn. 

(2)  No  es  un  remolino  en  la  gran  corriente  del  oeste. 

(3)  Reconoce  por  causa  el  encuentro  de  corrientes  de  distlntas  temperaturas. 
T  luego  aflade  que  puede  demostrarse  de  modo  contundente  que  dos  cor- 
rientes opuestas  siempre  existen  en  los  lugares  en  los  cuales  se  forman  los 
tornados,  ddones  de  latitudes  medias  y  huracanes. 

Anteriormente  Mohn  indicaba  que  realmente  Ip  dnico  que  se  sabfa  era  que 
todas  las  tormentas  tropicales  debfan  su  origen  a  un  minimo  barom^trico  ya 
formado.  Pero  no  nos  dice  como  se  ha  formado  ese  mfnimo  barom^trico;  y 
esto  no  es  m^s  que  alejar  el  problema.  Hann  trata  de  explicarlo,  dlci^ndonos 
que  el  exceso  de  calor  o  el  aumento  de  vapor  de  agua  es  la  causa  prlmera  del 
ascenso  del  aire  y  por  ende,  de  la  disminucidn  de  la  presidn.  Al  ascender  el 
aire,  se  condensa  el  vapor  de  agua  y  de  aqui  que  la  fuerza  ascensional  se 
aumente,  subsistlendo  por  algun  tiempo  la  depresidn. 

Hemes  visto  como  ima  gran  parte  de  las  investlgadones  modemas  sefialan 
como  verdadera  la  hipdtesis  din^mica.  Hay  que  indlcar,  sin  embargo,  que 
algunos  distinguidos  meterologistas  sostienen  aun  la  teorfa  de  la  condensaddn. 
Blanford  y  Eliot,  por  ejemplo,  afirma^  que  los  ddones  de  la  Bahlft  de  Bengala 
deben  su  origen  a  un  proceso  de  condensacidn  andlogo  al  formulado  por  Espy. 

Y  ellos  ban  hecho  estudlos  condenzudos  de  las  tormentas  en  las  Indias  Orientales. 
Aqui  en  las  Antillas,  el  Sr.  Luis  G.  Oarbonell,  Director  del  Ob8ei*vatorio  Nacional 
de  Cuba,  llega,  como  resultado  de  muchos  afios  de  observaddn  directa  de  estos 
f^idmenos  tropicales,  a  scalar  como  m&s  probable  la  hipdtesis  modificada  de 
Espy. 
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D^n&8  estA  dedr  que  nlngnno  de  estoB  fiieteor61ogo6  seria  capaz  de  SQponer 
que  todas  las  varladones  barom^trlcas  se  deben  tUilca  y  exclosiyamente  a  la 
eondeosad^Q  del  vapor  de  agaa;  pnee  Men  sabido  es  que  el  prooeao  dtado  do 
pnede  produdr  ddones  en  la  regl6n  de  las  calmas  ecaatoriales.  Las  observa* 
dones  reoolectadaa  por  Reid  no  mnestran  ningdn  dd6n  formado  mAs  allA  de 
loB  10*  de  latltnd  norte  y  ningtln  tMn  m&s  bajo  de  los  9*.  Por  otro  lado  se 
Babe  que  las  grandes  lluTlas  en  Oherrapnnjee  parecen  no  afectar  mndio  a  la 
pre8i6ii  baromtolca;  es  mAs,  en  caso  de  hacerlo  es  para  indicar  stempre  aumento 
y  no  dlsmlnnd^n.  El  mlsmo  Ferrel  noe  dice  que  la  condensaddn  del  vapor 
de  agna  en  la  atmOsfera  no  es  la  tinica  causa  del  origen  de  los  ddones;  y 
Loomis,  otro  deddldo  defensor  de  la  teorfa  que  venlmos  considerando,  aflrma 
que  la  Uuvia  no  es  esendal  para  la  formad6n  de  Areas  de  baja  presldn  baro- 
m^trlca. 

Bn  vista  del  gran  peso  de  las  oplniones  aportadas  por  los  partldarlos  de  la 
teorfa  de  la  condensad^n,  tenemos  que  conv^iir  con  Hann,  que  si  bien  es 
verdad  que  los  grandes  ddones  de  latitudes  medias  pueden  ser  mejor  ezpli* 
cadoB  por  la  teorfa  dinAmica,  tambito  es  derto  que  muchos  f«i6nienoe  de  las 
tormentas  troplcales  a  su  ves,  se  acomodan  meJor  a  la  hlp6tesis  de  la  conden- 
saddn,  mAs  o  menos  modiflcada. 

Respecto  al  piano  de  formaddn,  o  sea  al  piano  de  la  verdadera  gtoesis,  lo 
encontramos  en  el  nivel  inferior  segtin  se  desprende  de  la  teorfa  de  la  conden- 
sad6n,  puesto  que  las  condldones  meteoroldgicas,  es  dedr,  altas  temperaturas 
y  gran  humedad,  asf  lo  ezigen.  Ferrel,  sin  embargo,  cree  que  la  energfa  dd 
dddn  se  encuentra  a  derta  altura,  donde  ocurre  la  condensaci^n  dd  vapor 
acuoBo.  Andr^  PoSy,  nueBtro  "  pioneer  *'  en  estudios  meteorol^gicos,  nos  dice 
explfdtamente  que  es  en  la  regl6n  superior  donde  se  engendran  los  movimientos 
generales  de  la  atm<)sfera,  asf  como  las  tempestades  y  los  huracanes.  Reden- 
temente,  el  profesor  Bigelow,  discutlendo  las  observadones  nefosc<5picas  to- 
madas  en  las  Antillas  durante  un  perfodo  de  once  aflos,  llega  a  la  conclusion 
de  que  en  la  sona  comprendida  entre  d  alto-stratus  y  d  cirrus,  de  cuatro  a 
seis  mlllas  de  altura,  se  encuentra  la  causa  prindpal  de  la  generaci5n  de 
huracanes.  Segtin  esto,  los  remolinos  van  desc^idiendo  a  medida  que  se  hacen 
mA9  intensos;  d  primer  giro,  el  primer  movimiento  rotatorio  establed^ndose 
en  las  capas  superiores. 

Por  otra  parte,  algunos  meteorologistas  de  la  India,  aflrman  que  los  ddones 
de  la  Bahfa  de  Bengala  se  originan  en  la  region  inferior  de  la  atmdsfera,  adu- 
dendo  como  prueba  d  hedio  de  no  poder  saltar  niontafias  algo  bajas,  como  d 
Bistema  de  los  Ghats  o  las  llamadas  lomas  de  Tipperary.  Y  si  los  ddones  de 
la  India  tienen  el  origen  que  acabamos  de  sdialar,  no  vemos  como  se  pueda  dejar 
de  pensar  en  anAloga  genesis  para  tifones  y  huracanes. 

Esta  es  la  opinion  tambi^n  de  W.  M.  Davis.  Bn  una  serie  de  conf^endas 
dadas  en  el  Lowell  Institute  de  Boston,  en  el  alio  de  1883,  este  profesor  de  la 
Universidad  de  Harvard  explicaba,  a  su  modo  de  ver,  la  formaddn  de  los 
ddones  troplcales.  Supone  que  la  energfa  solar  se  va  acumulando  en  la  region 
inferior  de  la  atm6sfera.  Al  prlndpio  existe  una  gran  calma ;  y  esta  para  ^1, 
es  d  verdadero  embridn  del  dcl6n.  Si  este  ciddn  embrionario  se  encuentra  en 
la  justa  latitud,  entonces  puede  desarrollarse  y  llegar  a  ser  mAs  tarde  un 
huracdn  bien  formado.  No  niega  Davis  la  influenda  de  dos  corrientes  opues- 
tas;  pero  insiste  en  declarar  que  la  caima  es  antecedente  al  movimiento  glra- 
torio  en  los  ddones  troplcales. 

Los  partldarlos  de  la  teorfa  de  la  condensacidn  tienen  que  reconocer,  sin 
embargo,  la  gran  influenda  de  "los  centros  de  accidn  de  la  atm6sfera*';  la 
posid6n  de  ellos  y  su  magnitud  deben  contribuir  poderosamente  a  la  forma- 
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ci<5n  de  estos  fen6menos  meteorol6glcos,  hiiracanes,  ciclones  y  tifones,  que  son 
los  rods  ^audiosos  a  la  vez  que  los  nids  temlbles.  Ahora  bien,  estos  centros 
varfan  todos  los  afios;  no  se  presentan  ni  en  el  mismo  lugar  ni  con  la  misma 
intensidad;  se  alteran  y  modifican  las  condlciones  meteorol60cas  en  su  seno. 
Por  lo  tanto,  la  dlstrlbuci6n  de  la  presi<5n,  el  grado  de  humedad,  la  temperatura, 
etc.,  de  las  regiones  donde  se  originan  tormentas  tropicales,  tienen  que  estar 
a  su  vez  profundamente  afectadas  por  estos  camblos;  y  no  slempre  resultar&n 
las  adecuadas  para  la  gestae Wn  y  el  desarrollo  de  estos  furlosos  remollnos. 
Ejemplos  de  estaclones  de  poca  actlvidad  los  tenemos  en  los  afios  1877,  1890, 
1896.  1807  y  1905.  En  camblo  los  afios  de  1886,  1887.  1888,  1889,  1891.  1901, 
1906  y  1909  son  notables  por  haber  ocurrldo  en  cada  uno  de  el  los  de  seis  a 
once  ciclones.  (Fassig.)  En  el  aflo  1886  el  Weather  Bureau  de  los  Estados 
Unldos  anot6  once  huracanes,  y  el  P.  Vifies,  veinte.  Esta  discrepancla  surge 
de  la  dlficultad  en  la  clasificaci6n  de  las  depresiones.  De  todos  modes,  queda 
sefialada  la  estacl6n  cicl<5nlca  del  aflo  1886  como  notable  por  la  gran  actlvidad 
mostrada;  hacl^ndonos  ver  que  las  condlciones  meteorol6gicas  en  esa  ^poca 
eran  las  adecuadas,  las  mds  aptas  para  la  genesis  de  esos  organismos  atmos- 
f^ricos. 

Ahora  cabe  preguntar:  ;,Cujll  es  la  causa  de  los  camblos  en  esos  centros  de 
acci6n?  Muchos  pretenden  encontrarla  en  los  trastornos  que  sufre  la  super- 
ficie  solnr  en  un  perfodo  determinado.  Siendo  el  Sol  la  fuente  de  radiaclones 
del  planeta.  es  natural  que  todo  camblo  en  ese  lumlnar  ha  de  afectar  de  algdn 
modo  a  la  atm6sfera  terrestre.  Pero  en  concrete,  nada  sabemos  sobre  el  par- 
ticular. 

Se  atribuye  a  Franklin  el  haber  tenido  idea  perfecta  de  la  maroha  progresiva 
de  las  tormentas.  De  los  primeros  estudios  en  reallzarse  en  esta  direccldn 
fueron  los  de  Dove,  Brandes  y  sobre  todo  los  de  Redfield  de  New  York  en 
1831.    MAs  tarde  Held  estudia  los  ciclones  del  extreme  Oriente. 

Continuando  el  estudio  Iniciado  por  Redfield  se  llega  pronto  a  la  conclusl6n 
de  que  la  curva  descrita  por  los  huracanes  antiUanos  era  muy  semejante  a 
una  par&bola;  y  entonces  se  estudlan  las  relaciones  entre  todas  las  tra- 
yectorias  para  determinar  las  Uamadas  nommles;  ver  de  que  modo  se  agrupan, 
como  varfan  con  las  distintas  ^pocas,  etc. 

Asi,  en  tesis  general,  puede  decirse  que  parece  existir  una  trayectorla  media 
principal  que  partiendo  de  las  Islas  de  Barlovento  recorre  el  Mar  Caribe, 
cruza  el  Oanal  de  YucatAn  y  recurvando  en  la  parte  oriental  del  Golfo  de 
Mexico,  se  dirige  al  AtlAntlco  atravesando  la  Florida;  y  otra  trayectorla  se- 
cundaria, que  se  dirige  desde  el  grupo  m6s  septentrional  de  las  Menores 
Antillas  hacia  las  Bahamas,  recurvando  al  este  de  la  Florida. 

Indica  Fassig  que  estas  dos  curvas  coinciden  aproximadamente  con  doe 
ramas  de  la  gran  corriente  ecuatorial  del  Atl&ntico  del  norte. 

El  Rev.  P.  Benito  Vifies,  que  dedic6  su  vida  al  estudio  interesante  de  loa 
huracanes,  nos  dej5  ciertas  reglas  prActicas  que  de  la  observaci6n  juiciosa  de 
cierto  ntimero  de  estos  meteoros  hiciera.  Estas  reglas  nos  permiten  pro- 
nosticar  la  direcci<5n  del  movimiento,  conocidas  una  posici6n  y  la  fecha. 

Admite  el  P.  Vifies  que  la  trayectorla  es  una  curva  muy  semejante  a  la 
par&bola.  Asf  al  hablarnos  de  la  del  hurac&n  del  18  al  14  de  Septiembre  de 
1876  dice:  "La  direcci6n  de  la  primera  rama  de  la  par&bola  es  al  W.  22*  N. 
El  eje  de  la  trayectorla  corresponde  al  paralelo  de  28"*  80'  latitud  N.  Las 
coordenadas  del  v^rtice  de  la  parabola  son,  latitud  N.  28**  80',  longitud  W.  de 
San  Fernando  90**  30'.  La  parabola  es  bastante  aguda  y  la  abertura  de  bus 
ramas  comprende  ufi  Angulo  de  unos  45**." 

Este  es  un  lenguaje  bastante  geom§trico,  nacido  sin  duda  alguna  de  la  forma 
regular  de  la  curva  trazada. 
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Muchos  ejemplos  de  trayectorias  regulares  pudieran  presentarse.  Sin  Ir 
ailos  atr&s,  en  la  presente  estaci6n  cicl6nica,  un  huroc&n,  el  de  Galveston,  de 
Agosto  16,  ha  trazado  una  curva  parab61ica,  como  puede  verse  en  la  carta  pribll- 
cada  por  el  Weather  Bureau  de  los  Estados  Unidos  en  Octubre  4  de  1915. 

Decfamos  que  el  P.  Vifies  nos  habfa  legado  unas  reglas  prdcticas  para  que, 
conoddas  una  posicl6n  de  la  tormenta  y  la  6poca  correspondiente,  pudi^ramos 
sefialar  la  dlreccWn  del  movimiento  normal,  SI  por  ejemplo,  en  Septlembre  se 
halla  un  clcl6n  de  loe  quince  a  los  velnte  y  cuatro  grados  de  latltud,  podemos 
pronostlcar  que  su  movimiento  serft  hacia  el  W.N.W.  Y  si  en  la  tercera 
d^cada  de  Octubre  surge  otro  de  los  diez  y  seis  a  los  veinte  grados,  entonces 
sefialaremos  la  direccl6n  N.  como  la  mAs  probable. 

Para  conocer  aproximadamente  la  situaci6n  del  v§rtice  de  la  parabola,  en 
cuanto  a  latitud  se  refiere,  haremos  uso  de  la  siguiente  tabla : 


Fechas  de  las  reoorvas  de  los  dolones. 


LaU- 
tudeseo 

que 
reourvan. 


Ansto 

JdUo  J  Septieinbre 

Jnnio  a*  daeada,  Octabra  1*  d^oada 
Jnnio  a»  d^cada,  Octabre  >  d^cada 
Jnnio  1*  d^cada,  Octnbre  2»  dteada 


20a  as* 

27a2»* 
28a2e* 
a0a28* 
16a  20* 


Estos  son  los  resultados  que  se  desprenden  de  la  larga  experiencia  del  genial 
Jesuita  y  se  refieren  a  trayectorias  normaUs, 

Anteriormente  se  ha  cltado  la  obra  que  sobre  huracanes  de  las  Antillas  ha 
escrito  el  profesor  Fassig.  En  ella  se  dan  a  conocer  las  caracterfstlcas  de  mAs 
de  ciento  treinta  huracanes,  y  con  mayor  exactltud  las  de  aquellos  ocurridos 
desde  el  1899,  ^ix>ca  en  la  cual  el  Weather  Bureau  de  los  Estados  Unidos 
establecii)  un  sistema  de  estaciones  que  enviaba  por  el  cable  sus  observaciones 
a  la  estaci6n  central.  Se  comprenderA  que  los  resultados  tienen  por  lo  tanto  un 
gran  i)eso. 

Segdn  este  estudlo  las  trayectorias  de  los  huracanes  de  Junio  y  Julio  van 
dirigidas  al  N.W.  o  al  N. ;  las  de  Agosto  consisten  en  una  larga  primera  rama 
que  al  principio  lleva  direcci<5n  W.,  luego  W.N.W.  y  mds  tarde  N.W.,  con  su 
v^rtlce  en  una  latitud  mayor  que  las  que  alcanzan  todas  las  otras  trayectorias ; 
las  de  Septlembre  son  muy  parecidas  a  las  de  Agosto  tomando  la  direcci6n 
W.N.W.  desde  el  principio;  flnalmente  las  de  Octubre  se  distinguen  por  su 
convergencia  hacia  el  extremo  occidental  de  Cuba  y  el  Canal  de  Yucat&n. 

La  velocidad  media  en  millas  por  hora  segdn  las  distintas  ^pocas  puede 
verse  en  el  siguiente' cuadro: 


Primera 


Reourva. 


Segnnda 


Mayo  a  Julio 

Agosto 

Septlembre.. 
Oobbre 


14 
lA 
19 
17 


Los  promedios  en  las  recurvas  nos  llaman  la  atenci6n.  Siempre  hemos 
sostenido  que  el  huracAn  al  recurvar,  o  sea  al  cambiar  de  corriente  directora, 
necesariamente  disminufa  su  velocidad  de  translaci6n. 

Todo  lo  que  se  ha  dlcho  anteriormente  se  refiere  a  trayectorias  normales, 
Pero  examfnense  los  pianos  que  acompafian  a  la  obra  de  Fassig ;  y  se  ver&  que 
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son  tantas  las  anomallas  observadas,  que  exlgen  un  estudio  mlnncloso  para 
determinar  las  causas  que  obligaron  a  esos  huracanes  andmalos  a  recorrer 
ani^malas  trayectorlas. 

Un  ejempio  de  cicl5n  tropical  anormal  es  el  del  29  de  Octubre  de  1867,  que 
azot6  a  Puerto  Rico,  con  trayectorla  dlrlglda  al  W.  S.  W. 

El  estudio  Indicado  debe  comenzar  por  fijar  las  causas  que  determlnan  el 
movimlento  normal  de  los  clclones  troplcales.  T,  por  el  momento,  no  p^isamos 
en  las  Influenclas  perturbadoras  de  otra  centros  de  minima  o  maxima  presl6n. 

^CuiU  es,  o  cu&les  son  las  fuerzas  que  obrando  sobre  el  meteoro  lo  obllgan  a 
moverse  en  una  curva  tan  parecida  a  la  parabola? 

Dice  Doberck  en  su  "Ley  de  Tormentas  en  los  Mares  Orientates"  que  las 
depreslones  son  atrafdas  hacia  aquellas  regiones  por  donde  ha  cruzado  poco  antes 
otra  depresl6n ;  y  que  las  fuerzas  que  actuando  sobre  la  tormenta  la  Impelen  a 
descrlblr  la  trayectorla,  deben  hallarse  exterlormente  a  ella.  Y  ^  las  encuentra 
en  la  dlstrlbuddn  de  la  presl6n  atmosf^rlca. 

Ferrel  Indica  varlas  causas  pero  cree  que  la  principal  es  el  movimlento  gen- 
eral de  la  atmdsfera  en  las  grandes  altitudes.  Y  el  P.  Vlfies  aflrma  que  es 
muy  probable  que  los  huracanes  yayan  dlrlgldos  en  sus  trayectorlas  por  las 
corrlentes  superlores. 

Detengdmonos  un  momento  a  conslderar  la  clrculacl6n  de  la  atm^sfera  en 
nuestro  hemlsferlo,  especlalmente  en  la  regl6n  de  las  Antlllas. 

Desde  hace  muchos  afios  se  ha  crefdo  que  las  corrlentes  ascendentes  en  el 
Ecuador  t^mico  se  dlrlgen  hacla  el  primer  cuadrante  en  forma  de  antl-allsios 
del  S.  W.,  pasando  por  enclma  de  los  vlentos  superficlales,  o  sean  de  los  allslos 
del  N.  E.  Parte  de  la  gran  corrlente  que  vlene  del  S.  W.  parece  va  a  engrosar 
al  anticicl<5n  del  Atldntlco  del  N.,  y  otra  parte,  descendiendo  al  norte  de  los 
allslos,  se  dlrlge  hada  las  regiones  polares  como  vlentos  del  tercer  cuadrante. 
Bstos  antl-allslos  pueden  observarse  durante  todo  el  alio  en  el  Pico  de  Tenerlfe. 
En  el  mlsmo  Ecuador  el  movimlento  del  aire  es  hacla  el  W.,  comu  lo  probd  la 
erupcl6n  del  Krakatoa  en  Agosto  de  1884;  pues  las  partfculas  en  forma  de 
grandes  masas  de  polvo,  como  si  dlj^ramos,  polvo-palllum,  dleron  la  vuelta  en 
el  mlsmo  Ecuador  en  unos  dfas  y  no  Uegaron  a  las  latitudes  medlas  slno  al 
cabo  de  dos  o  tres  meses;  demostrando,  por  lo  tanto,  que  por  lo  menos  una 
gran  parte  de  los  allslos  de  los  dos  hemisferios  al  encontrarse  se  elevan  y 
forman  una  corrlente  oriental ;  que  va  ganando  en  latltud  y  al  llegar  a  derto 
paralelo,  que  Ferrel  y  Oberbeck  suponlan  era  el  de  35',  se  Invlerte  y  procede 
entonces  como  corrlente  del  tercer  cuadrante. 

Esta  recurva  de  la  corrlente  del  E.  no  est&  todavfa  blen  determinada,  annque 
se  sabe  que  varfa  con  las  estaciones. 

En  realidad,  podfamos  dedr  lo  mlsmo  de  la  compleja  clcculacldn  aquf  en  los 
Tr5plcos.  As!  se  ha  aflrmado  que  en  la  Habana  subslste  todo  el  afio  la 
corrlente  mfis  elevada  procedente  de  la  parte  occidental ;  lo  que  se  opone  a  una 
teorfa  anterior  segdn  la  cual  desde  fines  de  Junlo  a  prlndplos  de  Octubre  esta 
corrlente  superior  se  entabla  de  la  parte  del  E.,  constltuyendo  argumento  para 
la  Indlcacidn  de  que  los  dclones  van  dlrlgldos  en  sus  trayectorlas  por  las 
mendonadas  corrlentes  superlores, 

Hace  algdn  tiempo  el  profesor  Blgelow  ezpuso  en  un  trabajo  publlcado  en  el 
Monthly  Weather  Review,  los  resultados  de  las  observadones  nefosc6plcas  reall- 
zadas  en  las  Antlllas  por  el  cuerpo  de  observadores  del  Weather  Bureau  de  los 
Estados  Unidos  y  sus  corresponsales.  Estos  confirman  la  exlstencla  en  los 
Tr6plcos  de  la  corrlente  hacla  el  W.,  llmltada  sin  embargo  en  altltud;  es 
declr,  que  al  llegar  a  clerta  altura,  la  corrlente  se  Invlerte  y  se  dlrlge  al  E. ; 
variando  con  la  estaci6n  su  veloddad  y.  tambl^n  la  curva  que  separa  las  dos 
corrlentes  opuestos.    La  velocldad  va  avmentando  desde  la  superflcle  hasta  ^ 
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nlTel  del  strato-cumnlas ;  dlsminnye  y  llega  a  nn  minlmo  en  la  regH&a  del 
alto-stratns ;  y  deede  aquf  vnelye  a  aomentar  progresivamente  haata  convertlrse 
en  an  m&zimo  en  el  niv^  del  drnia.  Batos  eon  IO0  morlmlentoa  eatndiadoa 
conjuntamente,  que  snfren  Tariacionea,  segtn  los  dlatintoa  lugares.  Aaf,  en  las 
Islaa  de  Barlovento  la  corriente  al  nivel  dd  strato-comnlna  posee  ana  com- 
ponente  poderosa  diriglda  hacia  el  W.,  que  casl  se  anula  al  llegar  a  Ouba. 

Resomlendo,  encuentra  Blgelow  do$  contraoorrientes  en  IO0  caatro  planoa 
superiorea  y  una  sola  coniente  de  la  parte  del  B.  oi  IO0  dneo  pianos  Infertores; 
los  huracanes  se  originan  en  la  regidn  superior  y  descendiendo,  son  Uevados 
hada  el  W.  por  las  oorrientes  mAs  bajas. 

Otras  causas  adem&s  Intervienen  en  el  movimlento  progresivo  de  los  hura- 
canes.  Una  de  ellas  se  deqprende  del  teorema  de  Goriolis  ya  dtado.  Bl  P. 
Vifies  cree  que  la  disposiddn  de  los  mares  y  oontinentes  tiene  derta  influenda 
■obre  la  recurva.  Y  pone  como  ejemplo  el  hedio  de  que  una  gran  parte  de  los 
huracanes  de  Agosto  recurvan  en  el  Qolfo  de  Gharleston.  Algunos  run  derta 
conezidn  entre  las  oorrientes  ecuatoriales  en  el  AtUntico  dd  N.  y  las  trayedo* 
rias.  La  influenda  de  la  distribuddn  de  los  dementos  meteoroldgicos  es  cast 
obvia.  tntimamente,  d  Dr.  Hanzlik  ha  sdialado  derta  reladdn  entre  la  di- 
recddn  y  veloddad  del  movimiento  y  la  presi6n  en  d  centro  de  ddones  dipsol* 
dales.  Y  Abbe  hace  un  resumen  de  los  estudios  de  Loomls  y  Bliot,  en  d  cual 
consigna  slete  causas  para  ezplicar  d  movimiento  de  toda  torm^ita.  Bstas 
son  las  siguientes : 

l*^— La  presidn  desequilibrada  hada  d  norte  que  afecta  a  toda  depresite 
Begun  lo  deduddo  por  Ferrd. 

2«— La  corriente  general  de  la  atmOafera. 

8«— El  calor  dd  Sol  que  estimula  oorrientes  aacendentes  espedalmeote  en 
uno  de  IO0  lados. 

4*— La  orografta  que  int>maeve  el  desarroUo  de  grandes  masas  de  nubes  y 
predpitadonee  hada  la  regito  de  barlorento  de  costaa  y  montafias. 

S>— Octanes  y  lagos  que  contribuyen  a  la  eraporaddn  y  humedad. 

0«— La  di8tribud6n  geogrAfica  de  kui  Areas  de  alta  preddn. 

7«— La  precipitad5n  de  la  lluTia  que  dcja  derto  calor  libra  en  la  nube. 

Nmnerosas  causas,  pues,  parecen  determinar  la  trayectoria.  Pero  es  innega- 
ble  que  entre  todaa,  alguna  o  algonas  deben  ser  las  direetoras  dempre^  es  dedr, 
las  causas  prkuHpaieM.  De  otro  nx>do  no  se  ezplicarfan  esas  curvas  tan  regu- 
lares,  tan  geomtoicas,  que  pudieran  tomarse  por  yerdaderas  parabolas  o  hipAr- 
bolas. 

Si  estas  curras  regulares  son  las  trayectorias  normale$  y  son  en  realidad, 
secdones  c6nicas,  entonces  con  conocer  dnco  poddones  del  v^rtice,  podriamos 
escribir  la  ecuad^n: 

x^«yy*«y  1—0 
«*t  «iyi  y»i  «i  yi  l 

^i  ^t  y*t  a^  yi  1 
^4  «4y4  y*4  «4  y4 1 
«»i«5y*y**aiyii 

7  en  esta  determinante  estarian  comprendldas  las  dtadas  reglas  del  P.  Vifies. 
Gs  mAs,  si  d  Y5rtice  obededera  al  moTimiento  que  sefiala  la  curva  representada 
por  la  ecuaddn  escrita,  en  todos  los  cases  normaleM,  entonces  no  tendrfamos  que 
formular  reglas  pr&cticas,  pues  de  esa  ecuaddn  obtendriamos  todos  los  ele- 
mentos  de  la  curra ;  en  una  palabra,  conoceriamos  perf ectamente  la  trayectoria. 
Pero  esto  es  ilusorio. 

68486— TOL  n— 17 4 
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En  primer  Ingar  se  presenta  on  gran  obst&culo;  y  consLite  M»,  en  que  noft 
es  mny  diffcll  determinar  las  posiciones  ezactaa  del  ydrtice  coando  crusa  por 
tierra;  y  nos  es  impoeible,  en  el  estado  actual  de  la  Giencia,  fljar  esas  poel- 
clones  cuando  va  el  centro  por  los  mares.  He  aqoi  nn  panto  interesante  que 
merece  estudiarse :  modo  de  determinar  las  posiciones  exaotoi  del  vdrtice  coando 
Me  no  cmxa  por  la  localidad  del  obeervador. 

Bl  profesor  Maxwell  Hall  de  Jamaica  establece  empfricamente  derta  relad^n 
entre  el  descenso  de  la  presi6n  por  debajo  de  la  media  y  la  distancia  al  vdrtice. 
Sn  ecuacito  fundamental  es  la  siguiente : 


Vr— fl 
^1  la  cual, 

Ap=descen80  de  presidn  por  debajo  de  la  media. 
r=dlstancia  en  millas  entre  el  observador  y  el  borde  mAs  cercano  de  la  calma 
centraL 
aye  son  constantes. 

En  la  prActica  lo  que  &.  hace  es  hallar  el  primer  coeficiente  diferencial  de  la 
ecuaci6n  propuesta,  que  lo  conduce  a  la  f6rmu1a  siguiente : 

dp 


Es  dedr,  la  distancia  al  centro  es  igual  al  descenso  por  debajo  de  la  media 
dlvldido  por  el  duplo  de  la  yeloddad  de  descenso. 

Ha  aplicado  Bir.  Maxwell  Hall  sus  fdrmulas  y  siempre  ha  obtenido  resultados 
satisfactorios. 

Otros  problemas  que  estdn  intimamente  reladonados  con  el  anterior,  son  los 
de  determinar  el  minimo  ^i  el  centro,  cuando  no  cruza  el  v6rtice  por  la  locali- 
dad ;  y  conocidas  solamente  dos  alturas  barom^tricas  en  una  localidad,  hallar 
la  hora  en  que  ocurre  la  minima,  y  su  magnitud  para  dicha  localidad,  que  co- 
rresponde  en  tesis  general  a  la  mayor  aproximad^n  del  centro  tempestuoso  a 
ella. 

Estudios  de  esta  naturaleza  ha  efectuado  el  Gatedrdtico  del  Instituto  de 
Segunda  Ensefianza  de  CamagOey,  Dr.  Florentino  Romero,  Ck>rresponsal  del 
Observatorio  Nadonal,  en  aquella  poblad6n. 

De  modo,  que  si  logr&ramos  fijar  exadamente  las  situaciones  del  v5rtice, 
entonces,  suponiendo  el  movimiento  parab61ico,  con  cuatro  distintas  posiciones, 
podriamos  trazar  la  trayedoria,  hadendo  siempre  la  convend6n  de  tomar 
coordenadas  cartesianas,  porque  desde  un  punto  de  vista  xdAb  riguroso,  debleran 
ser  polares  con  origen  en  el  centro  del  planeta. 

Queremos  ahora  Indicar  el  m&s  hello  problems  relacionado  con  las  tormentas 
tropicales :  el  estudlo  de  la  marcha  que  ha  de  seguir  un  hurac&n  conoddas  las 
fuerzas  prlmordlales  y  la  po6id5n  inicial.  Eb  an&Iogo  al  problema  en  Mecdnlca 
Celeste  de  hallar  los  elementos  de  una  6rbita  conoddas  las  coordenadas  en  una 
posid5n,  que  puede  tomarse  por  inicial  y  las  componentes  de  la  yeloddad.  Pero 
el  caso  presente  es  mucho  mds  complicado.  No  se  trata  de  fuerzas  centrales; 
no  se  trata  de  leyes  tan  sendllas  como  la  newtoniana.  Aquf  hay  probablemente 
muchas  fuerzas  que  variar&n  de  distintas  maneras,  segdn  leyes  que  ahora  nl 
siquiera  sospechamos.  Natural  men te,  el  resultado  de  considerar  todas  esas 
fuerzas,  si  es  que  algdn  dfa  llegamos  a  descubrirlas,  ser&  expresado  matem&tica- 
mente,  en  t^rminos  de  fundones  altamente  trascendentales,  cuya  8olud6n  serft 
tan  diffcll  o  mds  que  la  del  c^lebre  problema  de  los  tres  cuerpos  en  Astronomfa. 

He  aquf,  por  lo  tanto,  sefialado  un  camino  para  los  investigadores  en  el 
campo  de  la  Meteorologfa  DinAmica :  el  estudlo  de  las  fuerzas  que  interrienen 
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en  el  movimiento  de  traslaci6Q  de  todo  horacdn;  el  modo  de  variar  de  estas 
fnenas,  o  lo  que  es  lo  mismo,  las  leyei  que  gobiernan  a  estaa  foerzas;  el 
planteo  en  ttaninos  de  ecnadones,  de  estaa  re^donea  ffslcas ;  y  su  re8olucl6n« 
que  dar&  la  corva  deseada. 

Otro  problema  no  menos  complicado  que  el  anterlcHr,  ee  el  andlogo  al  de  las 
pertorbaclones  que  sufren  los  cuerpos  celestes  en  virtud  de  sus  mutuas 
atracciones. 

iQu^  Influencia  tiene  un  centre  de  minima  sobre  otro  tambi^n  de  minima? 

iQu^  efecto  produce  la  aproximacidn  de  un  centre  de  alta  presi5n  sobre  el 
moTlmiento  de  un  hurac&n?    ^Y  dos  centres? 

iCu&l  es  la  influencia  que  ejerce  una  depresi6n  en  el  movimiento  de  un  centre 
de  maxima? 

Bstamos  hadendo  estas  preguntas  con  la  idea  de  obtener  resultados  cuanti- 
tativoB,  no  oualitativos.  La  observaciOn  nos  habr&  ensefiado  que  un  centre  de 
minima  no  intenta  nunca  partir  en  dos  a  un  centre  de  mdxima.  Vifies  nos 
podr&  dedr  que  cuando  las  corrientes  superiores  de  dos  ciclones  simult&neos 
se  ponen  en  contacto,  estos  reaccionando,  tienden  a  repelerse  mutuamente. 
Qullbert  nos  habrA  definido  el  camino  de  menor  resistencia  para  la  marcha  de 
las  d^reslones.  Hasta  podriamos  indicar  la  inflexion  que  sufrirfa  la  trayec- 
torla  de  un  hurac&n  con  motive  de  la  aproximaci6n  de  un  fuerte  antlcicl6n. 
Pero  repetimos,  todas  estas  consideraciones  son  cualitativas  y  no  cuantitativas ; 
no  pueden  expresarse  en  t^rminos  matemdticos,  es  decir,  per  medio  del 
slmbolismo  usuaL  Y  sin  este  requislto»  se  ve  imposibilitada  la  Meteorologla 
Din&ndca  para  reaolver  el  problema.  Debemos  consignar,  sin  embargo*  que 
algunos  meteorologistas  lo  ban  estudiado  profundamente ;  entre  otros  el  Japon^s 
Diro  Kitaa 

De  modo  que  este  problema  de  trayectorias,  aparentemente  se  resolverft 
siguiendo  uno  de  dos  m^todos : 

Per  el  primero,  conoddas  las  fuerzas  y  una  po6ici6n  cualquiera  de  la  tormenta 
o  sea,  de  su  vdrtice,  se  calcularia  la  trayectoria  normal.  Aqui  no  entrarlan  en 
juego  las  acciones  y  reacciones  de  otros  centres  apto$  para  infiuir  sobre  la 
marcba  del  huracdn.  Pero  el  problema  exige  que  distlngamos  los  aptos  de  los 
no  aptos,  per  mfis  que,  desde  el  punto  de  vista  fisico,  todos  intervienen  en  el 
problema.  Asf  es  que  tendrfamos  que  Ir  calculando  de  tiempo  en  tiempo,  es 
dedr,  en  las  distintas  posiciones  que  el  v<)rtice  fuera  tomando,  las  perturbaciones 
c  desviadones  que  sufrlria  la  trayectoria  normal,  per  efecto  de  la  influencia  de 
otros  centres  cercanos. 

El  segundo  m^todo,  indiscutiblemente  mds  elegante,  consistirfa  en  introducir 
desde  el  principio  en  las  ecuadones  de  movimiento,  las  perturbadones  que  estos 
centres,  que  ser&n  vednos  en  alguna  ^poca  de  la  vida  del  meteoro,  van  a 
ocasionar  en  su  marcha  normal.  Para  este  tendrfamos  que  conocer  per  supuesto 
las  leyes  de  estas  influendas. 

Y  si  bien  es  verdad  que  al  matem&tico  no  le  cuesta  ningtin  trabajo  pensar  en 
la  reselud^n  del  problema,  dadas  las  fundones  perturbadoras,  tambi^n  es  derto 
que  el  fisico  se  agotaria  en  su  esfuerzo  per  encontrarlas,  si  es  que  algtln  dia 
lolograra. 

BKST71CBN. 

En  el  presente  trabajo  hemes  considerado  los  puntos  de  origen  de  los  hura- 
canes  de  las  Antlllas,  exponlendo  los  resultados  del  P.  Ylfies,  y  los  dates  que- 
arrojan  las  redentes  investigadones  del  Servido  Meteorol6gico  de  los  Bstados^ 
Unidos;  llegando  a  fljar  dertas  regiones  que  son  las  mAs  fecundas  para  la 
generad^n  de  esta  clase  de  cidones.    Pero  con  todo,  son  yarias  las  anomalia» 
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observadas,  que  indtcan  que  las  causas  generatrices  sufren  a  su  vez  una  gran 
variacl6n  y  que  estas  varlaciones  deben  ser  estudiadas.  Lo  tinlco  que  podemoe 
afirmar,  en  tesis  general,  es  que  las  tormentas  tropicales  se  generan  &i  el 
anlllo  ];>arab61ico  ya  Indlcado,  que  se  extlende  desde  las  Islas  de  Oabo  Verde 
al  Golfo  de  Mexico;  notftndose  que  al  comenzar  y  termlnar  la  estac!6n  clcl6- 
nlca,  los  puntoB  de  origen  tienden  a  surglr  en  la  parte  occidental  del  mencionado 
anlllo;  mlentras  que  a  medlados  de  estacidn,  en  pleno  perfodo  de  activldad, 
esos  puntos  Iniclales  manifiestan  la  tendenda  a  engendrarse  en  la  regl6n 
oriental. 

Una  ves  considerados  aquellos  puntos  en  los  cuales  se  genera  la  dase  especial 
de  ciclones  conocida  con  el  nombre  de  huracftn  de  las  Antillas,  pasamos  in- 
medlatamente  a  dedicar  nuestra  atenci6n  al  problema  de  su  genesis  y  causae 
que  la  determlnan.  I>el  estudio  de  las  teorlas  que  pretenden  ezplicar  d 
fendmeno  de  la  formaci6n  del  meteoro,  resalta  la  tendencia  modema,  de 
referir  a  la  hip^tesis  din&mica  el  memento  inicial  de  todo  cicl6n.  Y  si  bien  es 
cierto  que  el  razonamiento  se  ajusta  perfectamente  a  los  ciclones  de  latitudes 
medias,  no  es  menos  evidente  que  muchos  fen5menos  de  las  tormentas  tropi- 
cales responden  mejor  a  la  hlp6tesis  modiflcada  de  la  condensaci6n. 

Queremos  volver  a  llamar  la  atenddn  acerca  de  la  solncidn  que  ofrece  Davis : 
la  energfa  solar  que  se  va  acumulando  en  la  region  inferior  de  la  atmdst&m; 
la  calma  precedente  al  movimlento  giratorio;  y  finalmente,  la  influencia  de  la 
rotacidn  del  planeta.  A  esto  podemos  agregar  tambi^  la  influencia  de  co- 
rrientes  opuestas  de  dlstintas  temperaturas  que  no  niega  el  autor  dtado. 

Por  otro  lado,  hay  que  tener  en  cuenta  el  gran  peso  de  la  opinidn  de  Bigdow, 
resultado  de  recientes  inyestlgaciones :  el  primer  giro  del  remolino  se  esta- 
blece  en  las  capas  superlores,  en  la  zona  comprendida  entre  el  alto-stratus 
y  el  drrus. 

Asf  es  que  el  problema  est&  muy  lejos  de  haber  sido  resudto. 

I>ebemos  formular  las  slguientes  preguntas : 

^Asciende  o  desciende  el  remolino? 

Si  desciende,  ^encontrarA  siempre  las  condiciones  propidas  para  su  desa- 
rrollo? 

SI  asciende,  ^le  aportar&n  en  todos  los  cases  las  corri^ites  superlores  los 
dementos  necesarios  para  su  desenvolvimiento?  • 

Mds  adelante,  al  tratar  sobre  las  trtiyectorias  de  los  huracanes,  hemes  sefia- 
lado  la  marcha  normal  en  las  distintas  ^pocas,  exponlendo  las  reglas  prActlcas 
conocidas  que  slrven  de  gula  al  observador. 

Esto  nos  ha  llevado  a  la  consideraci5n  de  las  fuerzas  que  impelen  al  meteoro 
en  su  curso  parab61ico ;  de  todas  estas  hay  una  que  parece  deja  sentir  su  Influ- 
encia de  una  manera  especial ;  nos  referimos  desde  luego,  a  la  corriente  superior. 

Y  finalmente,  ha  sldo  nuestro  propdsito  considerar  la  marcha  desde  un  pnnto 
de  vista  matemfttico;  llegando  a  la  condusidn  de  que,  dados  los  dates  de  que 
podemos  disponer,  son  los  resultados  m&s  llusorios  que  reales. 
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The  Chairman.  I  am  sure  I  express  the  feeling  of  all  the  members 
present  when  I  say  that  we  are  greatly  indebted  to  Senor  Millds  for 
this  explicit,  interesting,  and  comprehensi\  e  discussion  of  West 
Indian  hurricanes.    I  hope  the  paper  will  be  fully  discussed. 

Hereupon  followed  a  discussion  in  Spanish.  Discussion  not 
reported. 

The  Chairman.  I  will  ask  you  to  listen  now  to  the  paper  on 
"Thunderstorms,"  by  Mr.  William  H.  Alexander,  of  the  United 
States  Weather  Bureau,  at  Cleveland,  Ohio.  Mr.  Alexander  has 
been  unable  to  attend  the  meeting  personally.  His  paper  will  be 
read  by  Prof.  Henry,  of  the  Weather  Bureau. 


THUNDERSTORMS. 

.  By  WILLIAM  H.  ALEXANDER,* 
Meteorologist,  U,  8.  Weather  Bureau,  Columhus,  Ohio, 

The  physical  characteristics  of  the  typical  thunderstorm  are  such  that  it 
has  ever  held  a  unique  place  in  the  world  of  human  thought  and  speculation 
as  evidenced  by  its  large  and  conspicuous  place  in  ancient  mythology,  by  its 
scarcely  less  conspicuous  place  in  the  history  and  literature  of  the  ages,  and 
by  the  earnest  consideration  it  has  received  from  the  brightest  minds  of  the 
scientific  age.  Not  only  so,  but  these  same  characteristics  assure  it  a  place  of 
real  and  permanent  interest  in  our  present  and  future  thinking  along  meteoro- 
logical lines.  We  are  told  upon  apparently  good  authority  (1)  that  more 
myths  have  gathered  about  the  thunderstorm  and  its  phenomena  than  about 
any  other  natural  phenomenon,  except  possibly  the  phenomena  of  light  and 
darkness.  When  we  remember  the  majestic  roar  of  the  thunder,  the  darkness 
of  the  sky,  the  lurid  glare  of  the  clouds,  the  ominous  stillness  of  the  air, 
and  the  indescribable  effect  of  the  highly  electrified  bodies  on  the  nerves  of 
many  pe<^le,  we  are  quite  prepared  to  believe  it  If  tliese  storms  inspire  so 
much  terror  to  the  human  mind  in  a  scientific  age,  with  what  unsi>eakable 
awe  must  the  primitive  mind  have  regarded  them.  No  wonder  the  thunder- 
storm was  looked  upon  as  a  mystery  that  pressed  for  solution  or  explanation. 
These  early  "explanations"  have  come  down  to  us  as  myths,  which  are  of 

^For  numbers  of  reference,  consnlt  bibliograpby  at  close  of  paper. 
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interest  to  us  chiefly  because  tliey  constitute  the  first  efforts  of  the  human 
mind  to  eiplain  natural  phenomena.  We  of  to-day,  however,  no  longer  re- 
gard the  thunderstorm  as  an  object  of  terror  and  of  mystery,  but  rather  as 
a  natural  phenomenon  of  great  economic  and  scientific  interest  and  im- 
portance; one  wortliy  of  our  best  and  most  serious  consideration.  The 
physics  and  physical  features  of  the  thunderstorm  are,  we  believe,  quite  well 
understood.  These  have  been  ably  and  fully  discussed  by  my  friend  and 
coworker,  Prof.  W.  J.  Humphreys,  (2)  but  closely  associated  with  and  re- 
sulting from  these  storms  are  other  problems  of  great  practical  importance — 
problems  the  magnitude  and  importance  of  which  are  not  always  fuUy 
appreciated. 

The  present  paper  is  concerned  primarily  with  the  statistical  and  practical 
side  of  this  problem,  and  for  obvious  reasons,  these  statistics  will  relate  very 
largely  to  the  thunderstorms  of  the  North  American  Continent,  and  more  espe- 
cially to  those  of  the  United  States. 

In  the  first  place,  one  is  impressed  with  the  almost  endless  variety  and  varia- 
tions met  with  in  the  general  study  of  these  storms.  This  is  true  whether  we 
are  considering  the  attendant  circumstances,  the  varying  degree  of  intensity 
exhibited  by  them,  the  frequency  of  occurrence,  the  resulting  effects,  the  dis- 
tribution through  the  day,  the  year,  or  over  the  earth*s  surface,  or  whether  we 
are  considering  the  causes  operating  to  produce  and  to  maintain  these  storms. 
Variety  everywhere.  A  proper  discussion  of  any  one  of  these  lines  would  more 
than  exhaust  the  limits  of  this  paper. 

First  of  all,  let  us  consider  briefly  the  question  of  their  geographical  distribu- 
tion over  the  surface  of  the  earth.  On  this  point,  meteorologists  are,  as  yet, 
obliged  to  speak  with  considerable  caution  and  in  very  general  terms.  The 
paucity  of  available,  reliable  data  is  quite  surprising.  The  inadequacy  of  such 
data,  however,  is  admitted  and  even  deplored  by  Elossovsky  (3),  by  Hann  (4), 
and  by  Loisel  (6).  It  is  true  we  have  fairly  creditable  records  for  many  indi- 
vidual stations  and  even  for  limited  portions  of  the  earth's  surface,  but  un- 
fortunately even  the  data  we  have  are  scarcely  comparable  because  of  a  lade 
of  agreement  among  observers  as  to  just  what  constitutes  a  thunderstorm.  Just 
here  we  Americans  ought  to  take  a  step  forward. 

The  thunderstorm  is,  in  a  very  important  and  large  sense,  a  local  phenome- 
non. Whether  or  not  a  thunderstorm  occurs  at  a  given  station,  the  frequency 
of  its  occurrence,  its  intensity,  the  time  of  day  or  night  that  it  occurs,  eta,  are 
all  more  or  less  determined  by  local  conditions.  It  hardly  seems  sufficient  to 
say  that  the  geographic  distribution  of  the  thunderstorm  may  be  safely  infared 
from  the  fact  that  it  is  caused  by  strong  vertical  convection  of  humid  air.  The 
classic  effort  of  Prof.  Elossovsky  to  show  the  distribution  of  the  thunderstorm 
over  the  whole  world  was  a  very  bold  one,  nor  am  I  prepared  to  say  it  has  not 
served  a  very  useful  purpose,  but  with  all  due  respect  to  the  learned  author 
I  must  say  that  if  his  chart  does  not  represent  the  other  portions  of  the  earth's 
surface  better  than  it  does  the  United  States,  it  is  decidedly  inadequate.  Com- 
pare, if  you  please,  his  chart  with  Fig.  1,  showing  the  distribution  of  thunder- 
storms over  the  United  States. 

It  is  probably  safe  to  say  that  the  thunderstorm,  in  one  form  or  another, 
occurs  at  some  time  or  other,  In  practically  all  parts  of  the  world,  but  from  our 
knowledge  of  the  causes  and  conditions  essential  and  most  favorable  for  its 
development,  and  from  what  we  know  of  the  meteorological  conditions  ordi- 
narily prevailing  over  the  various  portions  of  the  earth,  we  are  very  sure  that 
it  is  extremely  rare  over  large  areas,  and  some  parts  of  the  earth's  surface  may, 
indeed,  be  entirely  exempt.     The  teaching  so  often  met  with  in  textbooks  on 
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meteorology  that  there  Is  a  maylininn  of  thuBderst^Nrms  at  the  Bqaator  and 
that  the  "  numher  decreaaea  rapidly  from  the  Bqaator  to  the  poles  **  la,  we  be- 
lieve, oj^ea  to  seriooa  crlticiam.  Latitude  is  in  no  sense  a  determining  factor, 
nor  is  it  a  measure  of  storm  frequency.  Under  the  conditions  known  to  exisc 
in  the  polar  regions,  we  would  naturally  expect  few  manifestations  of  this  phe- 
nomenon  in  those  parts  of  the  world,  but  arctic  explorers  (7)  tell  us  thunder- 
storms do  occur  even  in  the  arctic  regions  although  whole  summers  may  pass 
without  the  occurrence  of  a  single  storm.  In  Alaska  thunderstorms  occur  on 
an  average  three  or  four  times  a  year  (8),  whereas  in  southern  Canada  we 
find  three  or  four  times  that  number  per  year.  As  for  the  United  States,  wo 
may  point  out  the  important  fact  that  there  are  two  centers  of  great  activity . 
one  over  the  east  Gulf  States,  where  the  annual  rainfall  is  heavy,  and  tho 
other  over  northern  New  Mexico,  where  the  rainfall  is  very  light 

The  Pacific  coast  is  practically  free  from  thunderstorms,  certainly  of  destruc- 
tive ones,  whereas  they  are  quite  numerous  along  the  Atlantic  Ooast  Our  data 
for  the  Republic  of  Mexico  are  fragmentary  (0)  and  for  a  very  short  period  of 
time — only  five  years,  1906-1010,  inclusive.  But  it  is  very  evident  that  in  the 
vicinity  of  the  City  of  Mexico  100  thunderstorms  or  more  occur  annually.  At 
the  City  of  Mexico  123  storms  were  recorded  in  1907,  and  180  in  190a  At 
Peto  (Yucatan)  187  were  recorded  in  1907,  112  in  1906,  and  118  in  1909.  At 
Xcalac,  Territory  of  Quintana  Roo  (on  the  Yucatan  Peninsula),  a  thunderstwm 
was  recorded  each  day  in  the  month  of  August,  1910.  The  same  thing  occurred* 
however,  at  Tampa,  Fla.,  in  July,  1904,  and  at  Santa  Fe,  N.  Mex.,  in  July,  1908. 
Statistics  for  Ontral  and  South  America  were  not  available  at  the  time  this 
paper  was  prq^mred,  and  so  we  can  not  speak  for  those  countries.  On  the 
Island  of  Porto  Rico,  however,  we  find  that  the  number  of  thunderstorms  per 
year  is  about  the  same  as  in  the  central  portions  of  the  United  States ;  that  is, 
between  45  and  50.  But  on  the  Island  of  Antigua,  considerably  farther  south, 
only  about  one-third  as  many  storms  occur  (17).  For  the  complete  solution  of 
this  great  problem  we  must  have  the  united  and  full  coq;>eration  of  all  the 
nations  of  the  earth  working  under  uniform  rules  and  for  one  great  purpose. 
Here  again  let  the  Americas  lead. 

Another  phase  of  the  thunderstorm  problem  that  possesses  great  interest  as 
well  as  practical  value  in  many  parts  of  the  world  is  the  matter  of  precipita- 
ti<Mi  attending  these  storms,  especially  excessive  precipitation,  whether  rain  or 
hail.  We  use  the  term  " excessive  precipitation "  in  a  technical  sense;  that  is, 
as  it  is  used  by  the  United  States  Weather  Bureau.  Precipitation  is  considered 
as  excessive  "  when  it  equals  or  exceeds  1  inch  in  1  hour,  or  2.50  inches  in  24 
consecutive  hours.*'  For  shorter  periods  the  following  are  the  limits  at  which 
precipitation  is  regarded  as  excessive,  viz,  0.25  inch  in  5  minutes ;  0.80  inch  in 
10  minutes;  0.85  inch  in  15  minutes;  0.40  inch  in  20  minutes;  0.45  inch  in  25 
minutes;  0.50  inch  In  80  minutes;  0.55  inch  in  85  minutes;  0.60  inch  in  40 
minutes;  0.65  inch  in  45  minutes;  0.70  inch  in  50  minutes;  0.80  inch  in  60 
minutes. 

Figure  1  shows  the  distribution  of  thunderstorms  over  the  United  States. 
We  are  also  showing,  in  figures  2,  8,  4,  and  5,  the  relation  of  the  monthly 
rainfall  to  the  total  number  of  thunda^rtx>rms  at  the  four  stations — (Cleveland, 
St  Louis,  Tampa,  and  Santa  Fe.  These  particular  stations  were  selected  be- 
cause they  represent  very  different  parts  of  the  country;  Cleveland  is  in  the 
Lake  region,  St  Louis  is  in  the  central  portion,  Tampa  is  on  the  Gulf  OMurt, 
and  Santa  Fe  is  in  the  elevated,  semiarid  portion  of  the  Southwest  But  these 
alone  do  not  bring  out  the  one  feature  I  desire  to  emphasize,  namely,  the 
excessive  precipitation  that  so  often  attends  the  thunderstorm  in  many  parts 
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of  our  country.  I  haTe  therefore  secured  and  present  herewith  in  tabular 
form  (Tables  1,  2,  and  8)  some  very  interesting  data  from  a  small  number  of 
selected  stations  well  distributed  over  the  country.  The  last  column  of  Table  1 
shows  what  per  cent  of  all  the  cases  of  excessive  precipitation  is  the  result  of 
or  incident  to  the  thunderstorms  As  will  be  seen  these  percentages  range  from 
66  to  100 — a  very  significant  fact  At  Bismarck,  Denver,  and  Santa  Fe,  for 
example,  excessive  precipitation  never  occurs  except  in  connection  with  a 
thunderstorm. 

Table  1. — Shotoing  location,  elevation^  average  number  of  thunderstorms  per 
year,  and  the  percentage  of  instances  of  excessive  precipitation  associated 
toith  thunderstorms,  for  a  few  selected  stations. 


stations. 

N. 

^ 

ElOTBtiOll 

(feet 

above  sea 

level). 

Avtrage 

numtw 

r?per 

yut. 

Percent^ 
age,  etc 

A^hi^b^   rti»  ^            ^  .  ^ 

•      # 
83    46 

4ft    47 
42    21 
41    63 

41    30 
89    45 

29  18 

30  20 
29    58 
40    43 
45    32 
38    38 

37  48 
35    41 
27    57 

38  64 

•      f 
84    23 

100    38 
81      4 
87    87 
81    42 

106    00 
94    50 

81  39 
90    00 
74    00 

122    43 
90    12 
122    26 
106    67 

82  27 
77      3 

1,174 

1,674 

125 

595 

792 

».^ 

43 

51 
814 

57 

567 

165 

7,013 

67 
112 

62.6 
2&5 
l&O 

4ao 

3&4 
46.7 
48wl 
79.6 
74.4 
28.4 

5.4 
52.6 

0.8 
73.2 
94.4 
39.2 

PerennL 
96 

BifiUBfCk.  N.  Dak 

lOO 

Boston  irfaaa .  „  *     

66 

Chioa^ci,  IlL , 

94 

Clevflland,  Ohio... 

94 

BeoTOT,  dblo 

lOO 

OfllnitOD,  Ttac, 

81 

TiOh-KifkTlllfl  Fid 

73 

Hew  Origans,  La,, 

87 

New  York,  N.  Y 

66 

Pnrtlajifl    nttw          

<•>« 

Bt  Lottb.  Mo 

9mi  Frftn*^?^'^,  ^'^L . . 

™IOD 

Banta  Fb  N  Mex  

TtuDpa  iHa  . 

M 

WBS&lnetoD,  D.  C 

87 

1  Rxoeestve  predpttatioo  practioaUy  unkiiown  at  this  itatkm;  Ixxt  few  tbnndentonns  and  these  of  m 
mild  form, 
s  See  note  by  Mr.  WfUson  relative  to  thunderstGrms  and  excessive  predpitatkm  at  San  Fraodsoo. 

Table  2. — Showing  ma^Dimum  precipitation  in  short  periods  of  time  dwinQ 
thunderstorms  at  a  few  seieded  stations  {in  inches). 


Station. 

Date. 

6 
min. 

10 

min. 

16 
ml-n. 

80 

1 
hour. 

2 
hours. 

24 

hoars. 

Mar.  26, 1901 
Mar.     14-15, 

1912. 
Aug.  20, 1914. 
Aug.  19, 1901. 
Sept.  1-2, 1901 
iSTy  5.1898.. 
Apr.  22, 1904.. 
May  9. 1907... 
Oct.  6.  1910.. 
Oct.  20,1913.. 
Aug.  27, 1906. 
Sept.  6. 1907.. 
June  22, 1909. 

Oct.  8-9, 1913. 
July  2, 1906... 

a69 

1.00 

1.30 

8.46 

2.02 
1.78 

3.  S3 

Cleveland,  Ohio { 

.72 

1.20 

1.47 

'***i*«T 

Den w,  Colo 

""'.id' 

.61 
.69 
.64 
.74 

*  ".92* 
.94 

1.17 
1.23 
1.82 

"'i'.io 

1.38 
1.38 
1.80 
1.17 

2L67 
1.53 
8.06 
2L77 
1.06 
1.19 

4.41 
1.66 
4.36 
6.31 
2.20 
2L96 

7.68 

SL» 

6.31 
6i61 

■■"iii» 

Jacksonville.  Fla 

.38 
.38 
.74 

.28 

.62 
.90 
1.26 

.41 

.87 
1.11 
1.63 

.65 

New  York,  N.Y 

2L09 
.99 

2L30 

1.49 
Z02 
8.18 

2L66 
2.42 

Santa  Fe,  N.  Mex 

9.40 

Tampa,  Fla i 

June  20, 1906. 
June  27,  1913. 

.68 
.61 

.98 
1.03 

1.36 
1.39 

2.39 
1.71 

8.60 
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If  we  consider  the  relative  frequency  of  excessive  precipitation  and  its 
coincidence  witli  thunderstorms  by  montlis,  at  the  individual  stations,  we 
quickly  arrive  at  some  very  interesting  and  suggestive  results.  For  instance* 
take  the  record  at  New  York  City  for  the  past  20  years;  this  shows  the  fol- 
lowing percentage  for  each  month:  January,  none;  February,  60  per  cent; 
March,  none;  April,  none;  May,  40  per  cent;  June,  83  per  cent;  July,  90  per 
cent ;  August,  57  per  cent ;  September,  78  per  cent ;  October,  50  per  cent ;  No^ 
vember,  none;  December,  none.  Regarding  the  months  having  "none"  it 
should  be  stated  that  during  this  period  (20  years)  there  was  not  an  instance 
of  excessive  precipitation  in  the  months  of  January  and  December,  only  two  in 
March,  and  one  each  in  April  and  November.  Nor  was  there  a  thunderstorm 
in  any  one  of  the  five  months  mentioned  during  that  time. 

In  Table  2  we  show  some  of  the  greatest  excessive  rates  for  short  periods  of 
time,  5,  10,  15  minutes,  etc  When  these  figures  are  understood  in  all  their 
significance  they  are  simply  astounding.  They  Indicate  to  us  something  of  the 
enormous  energy  sometimes  expended  during  the  life  of  one  of  these  storms. 
Think  of  the  tons  upon  tons  of  water  precipitated,  for  example,  during  a  storm 
like  the  one  at  Galveston,  Tex.,  on  October  22,  1013,  when  6.31  inches  of  rain 
fell  in  one  hour  and  more  than  12  inches  in  24  consecutive  hours,  or  of  the 
storm  at  New  York  on  October  8-8,  1913,  when  more  than  9  inches  fell  in  24 
hours.  Calculate  what  that  means  in  tons  of  water  over  even  a  small  area. 
Here  is  where  the  thunderstorm  interests  the  engineer,  as  well  as  all  others 
having  interests  affected  by  flood  conditions. 

In  this  connection  it  is  interesting  to  recall  what  Elphistone  (10)  tells  us  re- 
garding the  beginning  of  the  monsoons  in  India.    He  says : 

The  setting  in  of  the  monsoons  in  India  is  accompanied  by  such  an  electric 
convulsion  as  can  scarcely  be  imagined  by  those  who  have  only  seen  that  phe- 
nomenon in  a  temperate  climate.  It  generally  begins  with  violent  blasts  of 
wind,  which  are  succeeded  by  floods  of  rain.  For  some  houi-s  lightning  is  seen 
almost  without  intermission.  *  *  *  During  all  this  time  the  distant  thunder 
never  ceases  to  roll,  and  is  only  silenced  by  some  nearer  peal,  which  bursts 
upon  the  ear  with  such  a  sudden  and  tremendous  crash  as  can  scarcely  fail  to 
sd*ike  the  most  insensible  heart  with  awe. 

We  are  also  told  by  Mr.  Murray  (10)  that  in  some  parts  of  the  Pyrenees 
storms  continue  for  three  or  four  days  and  that  he  was  informed  of  one  that 
continued  for  nearly  six  weeks.  During  this  time,  it  is  said,  there  was  ''no 
abatement  in  the  thunderings,  no  interval  in  the  lightnings,  no  cessation  in  the 
rains  " ;  and  that  **  the  people  gave  themselves  up  for  lost,  under  the  persuasion 
that  the  book  of  human  history  was  about  to  be  closed  forever."  Traditional 
as  this  may  seem,  it  is  highly  probable  that  it  grew  out  of  a  very  serious  fact. 

In  contrast  to  these  flood-producing  storms,  we  find  in  many  parts  of  the 
world,  especially  in  mountainous  and  semiarid  regions,  the  so-called  rainless 
thunderstorm  (11).  These  storms  are  "rainless"  in  the  sense  only  that  no 
rain  reaches  the  earth's  surface,  I  presume.  The  rainless  variety  is  occasionally 
met  with  in  very  unexpected  places.  Mr.  John  Aitken  (11)  tells  us  of  the  rain- 
less thunderstorms  of  his  native  heath  and  points  out  that  at  Falkink,  situated 
in  the  shallow  valley  between  the  firths  of  Forth  and  Clyde,  only  one  "  good 
st(M-m  "  has  occurred  within  his  recollection.  Rainless  thunderstorms  are  more 
or  less  common  in  the  semiarid  regions  of  the  United  States  and  along  the 
Pacific  coast 

There  Is  still  another  class  of  thunderstorms  about  which  we  must  speak,  and 
that  is  the  storms  that  occur  on  mountain  peaks.  Our  observational  data 
regarding  these  storms  are,  necessarily,  limited,  but  there  is  sufficient  evidence 
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to  show  that  these  storms  possess  a  peculiar  interest  There  is  or  was  a  theory 
abroad  in  the  land  that  the  great  mountain  peaks  of  the  earth  act  as  gigantic 
lightning  rods,  between  which  and  the  clouds  silent  discharges  take  place  *on  a 
vast  scale.  This,  if  true,  may  account  for  the  peculiar  nature  of  our  mountain- 
top  thunderstorms.  It  is  said  (12)  that  thunderstorms  are  rare  in  Chile,  and 
one  explanation  given  is  that  the  Andes  act  as  lightning  rods,  as  just  stated. 
If  is  said  that  visible  discharges  occur  during  the  warm  season,  from  late 
spring  to  autumn,  and  appear  to  come  especially  from  certain  points.  Accord- 
ing to  Dr.  Knoche  they  are  confined  almost  exclusively  to  the  Andes  propar, 
or  Cordillera  Real  as  distinguished  from  the  coast  Cordillera.  Viewed  from 
a  favorable  point  near  their  origin  there  is  seen  to  be,  at  times,  a  constant 
glow  around  the  summits  of  the  mountains,  with  occasional  outbursts,  which 
simulate  the  beams  of  a  great  searchlight  and  may  be  directed  westward  so 
as  to  extend  out  over  the  ocean.  The  color  of  the  light  is  a  pale  yellow,  rarely 
reddish.    This  display  is  especially  magnificent  during  earthquakes. 

As  an  actual  instance  of  a  mountain-top  thunderstorm  I  know  of  no  more 
interesting  account  than  that  of  Prof.  J.  B.  Church,  Jr.  (13),  in  which  he 
tells  of  a  storm  which  occurred  on  October  20,  1907,  during  a  visit  to  the 
summit  of  Mount  Rose,  Nev.,  (10300  feet)  in  company  with  Capt  R.  M. 
Brambila,  United  States  Army.  Mr.  Church's  story  is  graphic  and  concise 
and  I  prefer  to  give  it  in  his  own  words.    He  says : 

The  storm,  which  was  mainly  electrical  in  nature,  displayed  itself  first  on  the 
evening  of  Friday,  October  19,  1907,  in  a  heavy  cloud  mass  lying  close  along 
the  crest  of  the  Carson  Range  north  of  Mount  Rose,  but  in  no  wise  involving 
Mount  Rose  itself.  The  flashes  of  lightning  were  frequent  and  heavy.  Little 
thunder,  if  any,  however,  was  heard.    ♦    ♦    ♦ 

As  night  (Oct  20,  1907)  darkened,  a  moderate  storm  of  hail  and  snow  with 
rain  began  to  fall.  The  pack  horse,  which  had  been  stabled  on  a  terrace  just 
below  the  observatory,  was  covered  from  tail  to  ears  to  protect  him  from  the 
pelting  missiles. 

The  electric  display  then  began.  First  a  dull  detonation  to  the  south,  and, 
after  an  interval,  a  flash  at  the  obs^^atory  as  if  there  were  wires  in  the  ob- 
servatory and  electricity  had  struck  them.  To  this  we  paid  little  heed,  for  the 
occurrence  was  trivial.  After  a  time,  however,  a  crash  100  feet  below  us  and 
perhaps  500  feet  away,  and  the  immediate  terror  of  the  horse  drew  us  to  the 
door. 

As  we  emerged  every  artiflcial  projection  on  the  summit  was  giving  forth  a 
brush  discharge  of  electricity.  The  corners  of  the  eaves  of  the  observatory 
(covered  with  malthoid  rooflng),  the  arrow  of  the  wind  vane,  the  cups  of  the 
anemometer,  each  sent  forth  its  jet,  while  the  high  intake  pipe  of  the  precipita- 
tion tank  on  the  apex  of  the  summit  was  outlined  with  dull  electric  flre. 

Whenever  our  hands  arose  in  the  air  every  flnger  sent  forth  a  vigorous  flame, 
while  an  apple,  partially  eaten,  in  the  hand  of  (3apt.  Brambila,  want  forth  two 
Jets  where  the  bite  left  crescent  points.  This  latter  phenomenon  occurred, 
however,  only  when  the  apple  was  raised  above  the  head  and  ceased  when  it 
was  lowered,  so  that  the  eating  of  the  apple  involved  no  visible  eating  of  flame. 

To  cap  the  climax,  my  felt  hat  above  the  brim  flashed  suddenly  into  flame.  I 
could  feel  the  draft,  and  it  seemed  to  me  I  could  hear  it,  too.  The  halo  was 
dazzling,  but  before  the  senses  could  act  it  was  gone.  *  *  *  So  vivid  were  the 
flames  that  continued  to  play  from  the  corner  of  the  observatory  that  I  reached 
up  to  assure  myself  that  the  observatory  was  not  actually  on  fire. 

We  felt  no  ill  physical  effects  nor  any  special  alarm,  but  for  prudence's 
sake  we  sought  the  interior  of  the  observatory,  where  the  pranks  of  the  elec- 
tricity were  apparently  completely  avoided.    ♦    ♦    ♦ 

Only  once  before  have  I  met  electricity  actually  present  on  Mount  Rose. 
This  was  during  daylight  on  June  25,  1906,  in  a  wet  snowstorm  accompanied 
by  dense  fog.  At  that  time  the  thunder  was  in  the  abyss  below  me,  until  I 
felt  like  some  Jupiter  hurling  thunderbolts  at  the  earth  beneath. 

Mr.  Atkinson  (14)  also  relates  some  very  interesting  experiences  in  connection 
with  mountain  thunderstorms  while  rambling  amongst  the  Altai  Mountains, 


ASTBOKOMY^  METEOBOLOQY,  AND  SSISMOLOQY.  67 

and  Mr.  Owen  Wister  (16)  tells  of  a  like  experience  on  the  Washakie  Needles 
(10,000  feet)  in  Wyoming. 

Nbr  must  we  assume  that  the  mountain  thunderstorms  are  harmless  affairs, 
for  we  have  authentic  instances  (15)  of  fatal  results  attending  them.  On  July 
24, 1904,  a  man  was  killed  by  lightning  on  the  summit  of  Mount  San  Gorgonlo, 
and  two  days  later,  July  26,  1904,  Mr.  Byrd  Surby  was  killed  and  two  of  his 
companions  rendered  unconscious  on  the  summit  of  Mount  Whitney.  These 
two  peaks  are  about  180  miles  apart  and  are  separated  by  the  Mojaye  Desert 
Mount  Whitney  has  an  elevation  of  14,515  feet  and  is  the  highest  peak  in  the 
United  States  (excluding  Alaska),  and  San  Gorgonlo  has  an  elevation  of  about 
9,500  feet  Regarding  the  accident  on  Mount  Whitney,  just  mentioned,  Prof. 
Alexander  McAdie  (15)  makes  the  following  interesting  observations,  viz: 

It  was  snowing  at  the  time  of  the  accident.  It  is  probably  not  well  known 
that  the  variations  in  the  electrical  potential  of  the  air  during  a  snowstorm  are 
almost  as  rapid  and  as  great  as  those  prevailing  during  a  thunderstorm.  In  this 
present  case  I  am  inclined  to  think  that  tlie  electrical  disturbance  was  not 
localized,  but  simply  incidental  to  a  disturbed  field  which  extended  well  over 
the  high  Sierra,  Inyo,  Panamaint,  and  Telescope  Ranges.  Also  the  San  Ber- 
nardino Range,  and  probably  the  mountains  of  Arizona.  This  condition  lasted 
perhaps  a  fortnight 

Were  the  mountain  tops  as  densely  populated  as  the  valleys  and  the  level 
lands,  the  number  of  fatalities  incident  to  thunderstorms  on  the  mountains 
would  probably  be  very  considerable. 

Had  we  the  time  we  would  like  to  speak  of  the  thunderstorm  at  sea,  especially 
<n  the  Tropics,  where  it  is  truly  majestic,  as  the  writer  happens  to  know  from 
personal  experience.  An  account  of  one  of  these  storms  was  published  by  the 
writer  (17)  in  the  Monthly  Weather  Review.  It  occurred  at  Antigua,  British 
West  Indies,  on  August  30,  1900. 

Prom  this  account  we  quote  as  follows : 

An  eyewitness  residing  near  the  telephone  exchange  says  tiiat  it  is  impossible 
to  describe  how  awfully  beautiful  was  the  sight  of  the  electric  fluid  dancing 
in  multicolored  flames  along  the  lines  up  and  down  High  Street  Residents  at 
Yaptons  felt  themselves  in  imminent  peril,  as  in  that  elevated  locality  it 
appeared  as  if  bflls  of  blue  fire  were  all  the  time  falling  around  the  dwelling 
houses ;  no  damage  there  is  reported,  however. 

Others  have  told  of  rare  and  remarkable  effects  of  lightning  during  thunder- 
storms at  sea  (18)  and  Flammarion  (20)  has  given  us  a  large  number  of  the 
curious  pranks  performed  by  the  lightning. 

But  the  thunderstorm  also  has  its  tragic  side,  for  it  often  leaves  death  and 
destruction  in  its  path.  As  to  the  matter  of  loss  of  life  and  property  incident 
to  these  storms,  time  and  space  forbid  more  than  the  briefest  reference.  Much 
data  have  been  collected  in  various  parts  of  the  world  regarding  this  phase  of 
our  problem.  In  the  years  1899  and  1900  the  United  States  Weather  Bureau 
made  a  very  serious  effort  to  ascertain  reliable  and  complete  statistics  as  to 
the  actual  number  of  deaths  and  injuries  due  to  thunderstorms  in  the  United 
Stittes.  These  results  were  published  as  Bulletin  No.  30  (19),  from  which  we 
have  taken  the  data  shown  on  chart  No.  2.  The  reports  for  the  year  1900,  for 
example,  show  that  713  persons  were  killed  or  received  fatal  injuries  during 
the  year.  Of  this  number  291  were  killed  in  the  open,  158  in  houses,  57  under 
trees,  and  56  in  barns.  The  circumstances  attending  the  death  of  the  remain- 
ing 151  are  not  known.  It  also  appears  that  973  persons  were  more  or  less 
injured  by  lightning  during  the  year,  327  being  Injured  in  houses,  243  in  the 
open,  57  in  barns,  and  29  under  trees.  The  death  or  injury  of  at  least  1,686 
persons  in  one  year — and  this  doubtless  represents  a  fair  annual  average — is  a 
serious  matter  that  should  give  us  pause.  Just  here  is  a  field  for  great  service : 
6843(^voL  IT— 17 5 
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devising  means  for  protection,  instructing  the  people  regarding  places  of  great- 
est danger  and  the  places  of  greatest  safety  during  a  thunderstorm,  and  warn- 
ing the  people  of  their  occurrence. 


How,  then,  are  we  to  regard  the  thunderstorm — ^as  an  evil  or  a  blessing? 
In  my  reading  I  came  across  (22)  some  very  beautiful  words  that  seem  apropos 
just  here: 

It  is  a  sultry  summer's  day.  The  sun  had  been  blazing  for  hours  uncurtained 
by  a  cloud.    The  earth  seems  weary  of  his  beams,  for  the  sky  glows  like  the 
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dcmie  of  a  furnace,  and  the  winds  have  ceased  to  fan  the  feverish  landscape.  A 
80188  of  oppression,  nameless  and  indescribable,  is  felt  by  man,  and  appears  to 
be  shared  by  bird  and  beast  Jndging,  indeed,  by  the  general  languor  which 
prevails,  the  observer  might  well  be  pardoned  if  he  condnded  that  Nature 
liers^  was  about  to  swoon. 

Whyis  this? 

The  storm  spirit  is  abroad,  and  such  are  a  few  of  the  symptoms  which  herald 
his  approach. 

But  when  the  black  clouds  that  come  rushing  to  battle  have  discharged  their 
bolts,  and  the  voice  of  the  thunder  has  ceased  to  be  heard,  who  can  say  that 
a  storm  is  a  foul  and  mischievous  phenomenon — a  wanton  breach  of  Nature's 
peace— a  nuisance  and  a  flaw  in  the  fair  policy  of  creation?  In  truth,  it  is  Any- 
thing but  that  The  electricity  of  the  globe  must  be  regulated  like  every  other 
variable  force.  Evaporation  is  the  chief  cause  of  disturbance,  and  when  this 
process  advances  too  rapidly,  as  it  does  during  the  intense  heat  of  summer,  a 
state  of  unnatural  excitement,  involving  many  subtle  and  ill-understood  con- 
sequences, is  superinduced  in  the  air  and  earth.  Were  the  conditions  which  pre- 
lude a  tempest  (thunderstorm)  to  be  prolonged  for  any  considerable  period — 
still  worse,  were  the  physical  discomforts  and  moital  oppression  which  are  felt 
at  such  seasons  to  continue  augmenting  for  weeks  together — men  would  be 
flung  into  a  fever,  or  probably  driven  to  the  verge  of  madness.  The  remedy  lies 
In  the  restoration  of  the  electrical  equilibrium.  This  is  accomplished  through 
the  agency  of  storms.  They  are  the  scavengers  of  the  sky.  They  come  in 
mercy,  not  in  wrath.  With  his  broad  wings,  the  tempest  phantom  scours  the  air 
of  its  noxious  charge ;  and,  grim  as  he  may  be  in  feature,  appalling  as  he  is  in 
action,  fatal  as  he  sometimes  is  in  his  flings,  yet  in  the  main,  he  is  ever  good 
and  boieflcent  in  design.  All  the  flerce  lunges  which  the  lightning  makes  at  the 
earth  are  in  truth  little  more  than  friendly  exchanges  of  the  two  fluids.  When 
this  has  been  accomplished,  see  what  a  transformation  ensues  I  The  sun  shines 
tcrth  with  softened  i^lendor,  as  if  his  beams  were  flltered  through  a  cooler  atmos- 
idiere.  The  stifling  heat  has  gone.  The  sicklied  air  has  recovered  its  healthful 
spring,  and  now  plays  in  gladsome  sephyr  or  dances  in  a  balmy  breeze.  The 
foliage  glistens  with  golden  drops,  and  the  landscape,  freshened  by  the.  rich 
shadows  for  which  it  was  athirst  laughs  at  the  dread  presence  now  fading  on 
the  horizon,  from  whose  lips  "leapt  the  live  thunder,**  and  from  whose  hand 
came  the  gleaming  shaft  but  from  whose  lap  also  descended  the  soothing,  fertil- 
ising rain.  Nature  has  lifted  her  drooping  head,  and,  shaking  the  moisture 
from  her  forest  tresses,  smiles,  as  beauty  does  through  its  bridal  tears,  to  see 
her  world  blessed  and  regenerated  by  the  storm.  After  the  tempest  peace.  So 
come,  so  rage,  so  pass  the  calamities  of  life.  Black  and  sulphurous  as  the  cloud 
may  look  whilst  it  hovers  aloft  they  who  can  wisely  interpret  its  functions 
know  it  is  ladened  with  light  and  that  its  mission  is  to  restore  the  violated 
harmonies  of  earth  and  heaven. 

To  indicate  more  fully  and  in  a  most  interesting  way  the  character  and 
severity  of  many  of  the  thunderstorms  in  the  various  parts  of  the  United  States, 
we  will  conclude  this  paper  with  some  brief  notes  on  some  of  the  most  remark- 
able thunderstorms  that  have  occurred  at  a  few  selected  stations  widely  dis- 
tributed over  the  country.  These  notes  were  kindly  furnished  by  the  ofllcials  in 
charge  "  of  the  several  stations  and  are  reproduced  practically  as  received. 

Atlanta,  Oa.— March  28,  1901:  The  register  indicated  that  rain  began  at 
about  2.40  a.  m.  and  that  it  came  lightly  till  8.88  a.  m.,  when  a  terrific  storm 
broke  over  the  city.  In  the  first  five  minutes  0.09  inch  of  rain  fell ;  in  10  min- 
utes, 1  inch ;  in  15  minutes,  1.30  inches ;  in  25  minutes,  1.72  inches.  The  rain 
ended  about  4.05  a.  m.  Vivid  lightning  played 'almost  incessantly  during  the 
downpour,  but  the  thunder  was  not  loud ;  the  sound  was  probably  muflied  by  the 
roar  of  the  rain.  The  wind  shifted  from  the  south  to  the  southwest  when  the 
rain  began,  and  increased  from  almost  a  calm  to  a  velocity  of  22  miles  per 
hour  at  8.00  a.  m.    The  temperature  was  almost  stationary,  ranging  from  61* 

toes*. 

August  20,  1914 :  A  severe  thunderstorm  broke  over  the  station  at  9.48  a.  m. 
from  the  southeast ;  the  storm  continued  with  flerce  lightning  and  terriflc  thun- 
der until  11  a.  m.  Heavy  rain  and  hail  attended  the  storm.  Except  for  an  occa- 
sional gust,  the  wind  was  light  at  the  station,  although  in  the  northern  portion 
of  the  dty  some  damage  was  done  by  the  wind  and  hail,  while  in  the  portions  of 
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the  city  on  the  south  side  there  was  Doly  a  light  sprinkle  of  rain.  The  tempera- 
ture fell  from  SS""  to  64**.  The  greatest  rainfall  in  one  hour  In  the  history  of 
the  station — namely,  8.23  Inches — ^fell  during  tliis  storm. 

Bismarck,  N.  Dak,— August  9-10,  1909 :  The  first  thunder  was  heard  at  7.30 
p.  m.,  and  the  storm  continued  into  the  next  morning.  The  storm  first  ap- 
proached from  the  southwest  and  seemed  to  remain  over  or  In  the  vidnity  of 
the  station  during  the  most  of  the  night  It  was  attended  by  heavy  thunder 
and  a  brilliant  display  of  lightning,  which  struck  at  some  points  in  the  city. 
Excessive  precipitation  not  accompanied  by  thunder  is  unlmown  at  this  station. 

Boston,  Mass.— August  24-25,  1901 :  Thunder  was  first  heard  at  9.10  p.  m. ; 
the  loudest  thunder  heard  was  at  11.38  p.  m.  Owing  to  the  general  cloudiness, 
no  defined  storm  could  be  observed.  There  was  considerable  lightning  during 
the  evening.  Up  to  9  p.  m.  the  winds  were  from  the  southwest;  between  9 
and  10  p.  m.,  from  the  north ;  from  10  to  11.30  p.  m.,  from  the  northeast,  and 
after  that  hour,  from  the  east  The  velocities  were  light,  except  l)etween  11  and 
12  p.  m.,  when  the  wind  increased  to  brisk,  with  a  maximum  velocity  of  25 
miles  per  hour  from  the  northeast,  at  11.40  p.  m.,  and  an  extreme  velocity  of  30 
miles  per  hour  which  occurred  at  the  same  time.  *  *  *  So  far  as  known  at 
the  station,  no  marked  damage  resulted  from  the  heavy  rainfall  or  from  the 
lightning,  which  was  said  to  have  been  severe  in  parts  of  the  city. 

Chicago,  III, — ^August  11,  1908:  Thunder  was  heard  first  at  8.40  p.  m.  and 
continued  until  about  2.45  a.  m.  of  the  12th.  The  storm  came  from  the  south- 
west. Rain  began  at  8.40  p.  m.  and  continued  until  8.55  a.  m.  of  the  12th, 
during  which  time  3.30  Inches  fell.  Excessive  rate  began  at  9.39  p.  m.  and 
ended  at  11.09  p.  m.  *  *  *  A  maximum  wind  velocity  of  47  miles  per  hour 
was  recorded  at  11.58  p.  m.  of  the  11th  and  a  wind  velocity  of  49  miles  per  hour 
at  12.02  a.  m.  of  the  12th ;  the  direction  In  both  cases  was  from  the  southeast 

Cleveland,  Ohio, — ^August  19,  1901:  Rain  began  at  4.11  p.  m.  and  the  first 
thunder  was  heard  at  4.19  p.  m. ;  the  loudest  thunder  occurred  at  4.47  p.  nu,  and 
the  last  at  5.07  p.  m.  A  brief  wind-squall  from  the  southeast  at  4.38  p.  m. 
marked  the  beginning  of  a  downpour  of  rain  such  as  has  never  before  nor  since 
been  recorde<l  at  this  station.  In  5  minutes  (from  4.86  to  4.41)  0.72  inch  fell, 
and  in  23  minutes,  1.77  Inches  came  down.  Sprinkles  of  rain  continued  until 
5.10  p.  m.  As  an  electric  disturbance,  this  storm  ranks  among  the  most  intense 
in  the  history  of  the  station,  although  there  was  no  great  amount  of  damage 
from  lightning.  Several  very  heavy  thunderclaps  followed  one  another  during 
the  five  minutes  ending  at  4.47  p.  m. — the  five-minute  period  immediately  fol- 
lowing the  most  excessive  do>vnpour  of  rain. 

Denver,  Colo, — May  27,  1898:  Partly  cloudy  in  the  forenoon  and  cloudy  in 
the  afternoon.  Thunder  was  first  heard  at  4.45  p.  m.  (seventy-fifth  meridian 
time) ;  the  loudest  was  heard  at  6.50  p.  m.,  and  the  last  at  7  p.  m.  The  storm 
came  from  the  south  and  moved  toward  the  northeast  and  east,  and  part 
finally  swinging  westward.  The  temperature  before  the  storm  was  68,  after 
the  storm  63.  Before  the  storm  the  wind  came  from  the  east,  after  the  storm 
from  the  northeast  The  center  of  this  storm  passed  eastward  well  south  of 
the  station,  and  aside  from  occasional  thunder  and  sprinkles  of  rain  attracted 
but  little  attention. 

Soon  after  the  passage  of  this  storm,  however,  a  second  storm  developed 
southwest  of  the  station  and  with  its  movement  northeastward  a  part  of  the 
first  storm  apparently  returned  toward  the  city.  Thunder  from  the  second 
storm  was  first  heard  at  7.40  p.  m.,  the  loudest  was  heard  at  8.47  p.  m.,  and 
the  last  at  9.45  p.  m.  This  storm  came  from  the  southwest  and  south,  and 
moved  toward  the  northeast  At  8.30  p.  m.  the  clouds  from  both  the  first  and 
second  storms  seemed  to  be  moving  toward  each  other  with  great  velocity  and 
near  the  ground,  apparently  meeting  near  the  office.  The  change  from  light 
rain  to  a  downpour  was  marked,  and  vice  versa  at  the  close  of  the  storm. 
Hail  began  to  fall  at  8.55  p.  m.  and  continued  until  9.02  p.  m.,  at  the  end  of 
which  time  the  ground  was  nearly  covered  with  hall  in  the  vicinity  of  the 
office,  while  within  a  half-mile  (on  lower  Nineteenth  Street)  the  ground  for  a 
number  of  blocks  was  evenly  covered  to  the  depth  of  3  or  4  inches.  The  hall- 
stones  measured  from  one-quarter  to  one-half  Inch  in  diameter.  Light  rain 
began  at  5.55  p.  m.  and  continued  with  slight  Interruptions  until  8.38  p.  m., 
when  it  became  somewhat  heavier.  A  downpour  set  in  at  8.54  and  lasted  until 
9.10  p.  m.,  the  rain  ceasing  entirely  at  9.11  p.  m.  In  the  seven  minutes  from 
8.55  p.  m.  to  9.02  p.  m.  the  remarkable  amount  of  0.82  inch  of  rain  and  hail 
felL  The  total  amount  of  precipitation  during  the  storm  was  1.25  inches,  of 
which  0.43  inch  was  melted  hall.    The  area  visited  by  hail  seems  to  have  been 
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a  narrow  strip  extending  from  Morrison  in  the  soutliwest  to  a  point  within 
the  city  limits.  The  damage  was  not  extensive,  although  gardens,  straw- 
berries, and  alfalfa  suffered  severely.  The  temperature  before  the  storm  was 
68;  after  the  storm  49.  Before  the  storm  the  wind  came  from  the  northeast; 
after  the  storm  from  the  north. 

QakveMton,  Tex. — October  22,  1913:  A  thunderstorm  of  great  persistency  at- 
tended by  unusually  excessive  preciptation  prevailed  at  the  station  from  7.06 
a.  m.  to  10.80  p.  m.,  at  which  hours  the  first  and  last  thunder  was  heard. 
This  storm  came  from  the  southwest,  and  was  preceded  by  fresh  southerly 
winds,  ranging  from  84  to  39  miles  during  the  seven  hours  from  midnight  to 
the  beginning  of  the  storm.  Light  rain  began  at  7.20  a.  m.,  became  excessive  at 
10.80  a.  m.,  and  continued  at  an  excessive  rate  until  4.47  p.  m.,  during  which 
time  the  remarkable  amount  of  12  inches  or  more  fell.  During  this  great 
downpour  hail  was  precipitated  at  two  distinct  periods;  the  first  fall  of  hail 
occurred  between  10.40  and  10.43  a.  m.,  and  the  second  between  11.12  and  11.21 
a.  m.  The  diameter  of  the  hailstones  varied  from  0.1  to  0.4  inch.  Three  men 
were  struck  by  lightning  and  killed,  and  another  was  rendered  unconscious. 
There  was  so  much  water  in  the  streets  from  10  a.  m.  until  midnight  that 
the  street  cars  ceased  running  at  11  a.  m. 

Jacksonville,  Fla, — August  27,  1906:  Thunder  was  first  heard  at  3.35  p.  m. 
southeast  of  the  station,  and  at  4.25  p.  m.  a  thunderstorm  of  unusual  severity 
broke  over  the  city  accompanied  by  a  wind  squall  of  83  miles  per  hour,  exces- 
sive precipitation,  vivid  lightning,  and  loud  thunder.  A  second  thunderstorm 
seemed  to  follow  closely,  combining  its  energy  with  that  of  the  first,  when 
the  lightning  became  incessant  and  the  thunder  terrific,  the  rain  falling  in 
blinding  sheets.  This  heavy  downpour  and  raging  storm  continued  for  40 
minutes,  flooding  the  streets  but  doing  little  damage  further  than  the  destruc- 
tion of  a  few  telephone  and  telegraph  poles. 

September  6,  1907:  A  thunderstorm  of  great  severity  prevailed  during  the 
late  afternoon  and  early  evening,  during  which  8.14  inches  of  rain  fell  in  one 
hour  and  forty-seven  minutes.  The  thunder  was  deafening  and  the  electrical 
dif^lay  most  brilliant  during  this  storm. 

June  18,  1909:  A  thunderstorm  that  seemed  to  have  been  gathering  all  day 
suddenly  broke  over  the  city  at  6.02  p.  m.  with  a  terrific  crash,  which  was 
followed  by  display  of  great  brilliancy,  during  which  the  electric  light  plant 
was  temporarily  disabled. 

Portland,  Oreg, — Our  thunderstorms  are  of  rare  occurrence  and  usually  con- 
sist of  a  single  peal  of  thunder,  sometimes  near  the  station,  but  more  often 
distant,  accompanied  by  rain,  but  never  excessive. 

St,  LouU,  Mo. — July  14,  1912 :  The  greatest  downpour  with  thunder  occurred 
on  this  date,  during  a  storm  that  came  up  from  the  west  early  in  the  morning. 
The  first  thunder  was  heard  at  1.50  a.  m.  and  the  last  at  5.05  a.  m.  The  accom- 
panying rainfall  was  excessive  from  2.46  a.  m.  to  8.47  a.  m. 

San  Francisco,  Cal, — ^As  a  rule,  thunderstorms  in  this  State  are  not  accom- 
I>anied  with  the  excessive  rainfalls  they  are  in  the  East  In  the  summer  the 
thunderstorms  on  the  desert  and  in  the  mountains  of  southern  portion  of  the 
State  are  at  times  accompanied  by  very  heavy  rainfalls,  as  instanced  August  17. 
1901,  when  2.5  inches  fell  in  50  minutes  at  Mammoth  Tank.  These  are  from 
the  storms  of  the  Sonora  type;  that  is,  those  moving  north  from  the  State  of 
Sonora,  Mexico.  Thunderstorms  usually  occur  during  the  passage  of  a  severe 
storm  from  the  north  Pacific  in  the  "  wet  season,"  when  the  rain  is  continuous 
for  hours,  both  preceding  and  following  the  thunder,  and  generally  quite  heavy 
most  of  the  time. 

(Mammoth  Tank  is  situated  in  the  eastern  portion  of  San  Diego  Ck)unty  near 
the  southern  foothills  of  the  Chocolate  Mountains,  on  the  line  of  the  Southern 
Pacific  Railroad,  and  in  the  southern  portion  of  the  Colorado  Desert,  in  latitude 
88'  07'  N.,  longitude  115'  17'  W. ;  elevation  above  sea  level,  257  feet— TT.  H,  A.J 

Santa  Fe,  N.  Mex. — (Added  interest  attaches  to  the  report  from  this  station 
because  it  is  at  the  center  of  one  of  the  two  regions  of  greatest  thunderstorm 
activity  in  the  United  States,  the  other  being  over  Florida  with  Tampa  as  the 
center.  See  Figure  No.  1.  For  this  reason  I  wish  to  give  Mr.  Linney's 
excellent  report  in  full. — W,  H.  A.) 

I  have  considered  the  station  data  back  to  1884  and  find  that  during  this 
period  of  81  years  there  were  Just  six  cases  of  excessive  precipitation,  and 
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these  were  all  thunderstorms.  Bven  a  casual  ezamlnatioii  of  the  figures  I  am 
iDcIosing  will  show  that  precipitation  in  excess  of  1  inch  in  1  hour,  or  2Jli 
inches  hi  24  hours,  is  the  rare  exception,  and  hi  fact,  it  is  unusual  for  it  to 
exceed  1  inch  in  24  hours.  The  latter  rarely  ever  occurs  in  the  months  from 
January  to  May,  Indusiye,  or  in  November  and  December.  Our  records  further 
show  that  such  heavy  rains  as  we  do  receive  are  practically  always  accom- 
panied with  thunder  and  occur  during  the  season  of  thundwstorms.  The  total 
number  of  thunderstorms  recorded  from  January,  1895,  to  the  close  of  October, 
3915,  is  1,314,  and  during  that  time  only  four  instances  of  excessive  precipita- 
tion were  observed — a  percentage  so  small  that  it  is  practically  negligible.  I 
fear  this  will  be  a  disappointment  to  you,  for  I  fancy  that  you  antic^ted 
something  of  real  value  from  the  number  of  thunderstorms  that  we  rq;K>rt 
However,  the  reverse  may  be  of  equal  value. 

So  far  as  my  investigations  go,  the  thunderstorm  of  July  2,  1906,  produced 
the  greatest  excessive  rate  of  any  experienced  at  this  station.  Thundor 
occurred  to  the  east  and  northeast  of  the  station  at  8.45  p.  m.  (local  time)  and 
heavy  thunder  to  the  west  and  southwest  at  4JL0  p.  m.  and  continiMd  for  two  hours 
thereafter  to  the  west-northwest  and  over  the  station,  and  thence  to  the  south- 
east The  storm  became  very  severe  with  heavy  downpour  of  rain  and  halL 
It  is  believed  that  hail  to  the  depth  ol  4  inches  was  precipitated,  as  fully  2 
inches  lay  on  the  ground  at  4.50  p.  m.,  when  the  hail  ceased.  The  hailstones 
varied  in  size  from  tiny  p^bles  to  small  marbles  and  upward  to  the  sixe  of  an 
egg.  Many  young  chickens  were  killed;  thousands  of  lights  were  broken,  and 
hundreds  of  dollars  damage  was  done  to  trees,  orchards,  gard^is,  vines,  and 
shrubs.  Rain  began  lightly  at  4.17  p.  m.,  but  became  a  deluge  quickly,  and  over 
2  inches  (2.02  inches)  fell  in  58  minutes.  Streets  and  flats  of  the  city  were 
flooded ;  arroyas  and  creeks  l>ecame  torrents  of  water ;  roofs  everywhere  leaked ; 
walls  were  soaked,  and  some  adobe  buildings  collapsed ;  and  general  havoc  was 
wrought  about  town.  The  last  thunder  was  heard  to  the  east  at  7  p.  m.,  and 
the  rain  ceased  entirely  at  9.20  p.  m. 

Tampa,  Fla, — (See  remarks  at  the  beginning  of  notes  under  Santa  Fe,  N. 
Mex. — W,  H.  A.)  I  have  gone  through  the  records  for  10  years,  1905-1914,  the 
excessive  precipitation  data  not  being  available  prior  to  1905.  1  give  below 
the  total  number  of  days  with  excessive  precipitation  for  the  10  years  with 
thunderstorms,  and  also  the  total  number  without  thunderstorms,  for  each 
month,  viz: 


with 
tbaiid«r. 
•tonns. 

without 
thimdflr- 
•tonns. 

With 
thtmdcr- 
ttorms. 

stonns. 

4 
2 
4 
2 
10 
20 
48 

1 

Aocntt 

87 

28 

2 

4 
6 

Fefanuury 

8maahirII!!II'm!!I!'.!!!I! 

MiM^^h . 

4 
8 

(xSobar 

April .'.'. 

NoT«nib«r 

mSvT"™     I 

D«oimb«r. 

juM .;.;;; 

8 
1 

Total 

JH&........1 . 1 .' .' .  ^' .  I .' ."  [  .m ! 

m 

84 

From  which  it  appears  that  thunderstorms  accompany  84  per  cent  of  all 
instances  of  excessive  preciptation  at  this  station. 

Two  storms  stand  out  as  giving  the  greatest  precipitation  in  short  periods  of 
time— one  on  June  20,  1905,  with  a  long  continued  excessive  rate,  and  the 
other  on  June  27,  1913,  with  a  shorter  but  heavier  excessive  rate.  In  the 
storm  of  June  20, 1905,  the  first  thunder  was  heard  at  11.45  a.  m.  in  the  north- 
west, and  from  that  direction  the  storm  moved  westward,  and  then  due  east, 
passing  directly  over  the  station.  The  passage  of  this  storm  was  marked  by  ter- 
rific thunder,  sharp  lightning,  and  torrential  rains.  A  colored  child  was  killed 
by  lightning  not  far  north  of  the  station.  The  wind  freshened  shortly  after 
8  p.  m.,  and  at  8.20  p.  m.  reached  a  maximum  velocity  of  83  miles  from  the 
northwest  Rain  fell  in  torrents,  3.13  inches  falling  during  the  54  minutes  from 
2.04  p.  m.  to  2.58  p.  m.    All  the  streets  were  flooded  and  some  were  impassable. 

Washington,  D,  C— An  examination  of  heavy  rainfalls  in  this  city  during 
the  period  from  1888  to  the  present  time  (November,  1915)  discloses  that  out 
of  38  times  that  excessive  rains  occurred  38  were  accompanied  by  thunder; 
or,  in  other  words,  there  were  33  thunderstorms  during  those  years  accom- 
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panled  by  excessive  predpitation.  The  greatest  downpour  for  a  short  period 
was  on  July  5,  1905,  when  from  7.25  p.  m.  to  8.38  p.  m.  rainfall  amounting  to 
8.26  inches  fell,  flooding  streets,  impeding  car  traffic,  etc  The  maximum 
velocity  of  the  wind  during  this  downpour  was  24  miles  per  hour. 
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The  Chairman.  I  am  sure  we  thank  Prof.  Henry  very  heartily  for 
presenting  this  paper  to  us.  Mr.  Alexander  has  given  a  good  desl  of 
study  to  the  subject  of  thunderstorms  in  the  United  States,  and  he  has 
recently  published  in  the  Monthly  Weather  Review  a  series  of  charts 
showing  tiie  number  of  thunderstorms  in  the  United  States  for  a 
series  of  years.    We  shall  be  glad  to  hear  discussion  on  the  paper. 

Mr.  Chubch.  Mr.  Chairman,  it  might  be  interesting  to  state  in 
connection  with  thunderstorms  on  Mount  Bose  that  I  notice  that  the 
heaviest  rainfall  occurs  about  1,500  feet  below  the  summit,  and  from 
there  down  to  the  level  of  the  valley.  While  we  have  all  the  mani- 
festations of  thunder  upon  the  top,  I  think  more  generally  we  get 
the  heaviest  peals  about  500  feet  down.  It  seems  to  me  that  is  about 
the  distance.  We  also  get  manifestations  of  St.  Elmo's  fire  on  the 
simmiit.  I  rem^nber  one  storm  which  approached  the  proportions 
of  a  deluge  below  us,  but  in  traveling  15  miles  we  were  all  the  time 
above  and  behind  it,  probably  owing  to  the  lesser  humidity  in  the 
air  at  the  elevation  at  which  we  were. 

Mr.  Clayton.  The  differences  in  the  phenomena  of  thunderstorms 
depend  almost  entirely  on  definitions.  I  did  not  quite  catch  the 
definition  that  Mr.  Alexander  gave,  but  in  determining  the  frequency 
of  hail  and  things  of  that  sort  I  find  you  can  get  almost  any  nimiber 
of  charts  according  to  the  definition  you  take  for  hail,  whether  you 
take  the  slightest  little  fall  of  hail,  or  whether  you  record  only  a 
fall  of  hail  that  produces  damage,  or  whether  you  take  one  so  strong 
as  to  attract  general  attention.  One  observer  will  send  in  numbers 
of  reports  of  hail,  while  an  adjacent  observer  did  not  see  any  at  all, 
because  he  did  not  think  it  worthy  of  notice  until  it  got  to  be  quite 
severe.  So  the  intensity  of  phenomena  needs  to  be  stated,  and  there 
should  be  uniformity  of  definitions  if  we  are  going  to  get  compara- 
ble charts.  I  think  the  Weather  Bureau  should  give  us  their  ac- 
cepted definitions  of  thunderstorms,  hailstorms,  etc.,  and  then  we  will 
know  just  where  we  are  in  making  comparisons  with  other  countries. 

Mr.  Peabodt.  It  may  interest  the  members  of  this  section  to  know, 
in  connection  with  the  paper  which  has  been  read  here,  that  the 
thunderstorm  is  connected  directly  with  the  instrument  which  in 
prehistoric  archaBology  is  found  to  have  been  of  the  most  universal 
and  uniform  manufacture,  namely,  the  celt,  or  stone  chisel.  These 
small  stone  chisels  have  long  been  supposed  by  ignorant  people  in 
many  countries  to  be  produced  by  thunderbolts.  The  conditions 
which  have  centered  around  these  celts,  or  chisels,  is  exceedingly  in- 
teresting, and  of  itself  a  subject  worthy  of  investigation.  I  merely 
suggest  the  connection  between  the  most  widely  distributed  repre- 
sentative of  unity  in  the  manufacture  of  prehistoric  implements 
with  the  most  widely  distributed  and  interesting  meteorological  phe- 
nomenon or  disturbance. 
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Mr.  Chukch.  I  should  like  to  ask  whether  the  stories  of  the  flood 
are  associated  in  any  way  with  thunderstorms,  or  anything  of  that 
kind? 

Mr.  Peabody.  I  am  afraid  I  must  plead  ignorance  on  that.  I 
should  think  that  was  a  subje<;t  outside  of  the  domain  of  thunder- 
storms. If  you  ask  me  to  be  a  little  more  scientifically  accurate  in 
what  I  say  about  the  traditions  concerning  these  celts,  or  stone 
chisels,  I  will  say  that  the  popular  beliefs  with  reference  to  these  so- 
called  thunderstones  are  of  two  kinds.  One  belief  is  as  to  the  forma- 
tion of  the  stones  by  the  lightning,  because  it  is  supposed  that  the 
lightning  has  struck  at  the  point  where  one  of  them  is  dug  up,  and 
another  tradition  or  belief  is  as  to  their  effect  against  lightning,  so 
that  these  celts,  or  small  chisels,  are  hung  up  on  houses  or  bams  as 
a  matter  of  protection  against  lightning.  I  am  afraid  I  am  getting 
you  far  away  from  the  definition  of  thunderstorms,  but  this  subject 
of  the  belief  in  these  thunderstones  is  tremendously  widespread 
and  is  very  interesting. 

The  Chairman.  We  have  with  us  to-day  Prof.  J.  Warren  Smith, 
of  the  United  States  Weather  Bureau,  Columbus,  Ohio,  who  has  a 
very  interesting  paper  on  "  Agricultural  Meteorology."  We  shall  be 
very  glad  now  to  listen  to  this  paper. 


AGRICULTURAL  METEOROLOGY. 

By  J.  WARREN  SMITH, 
Meteorologist,  United  States  Weather  Bureau,  WasMngton,  D.  C. 

INTBODUCnON. 

Agricultural  meteorology  is  defined  as  meteorology  conducted  in  the  interest 
of  agriculture.  It  considers  the  effect  of  the  weather  conditions  upon  the 
development  and  yield  of  the  different  crops.  It  Is  a  branch  of  phenology. 
Phenology  Is  defined  as  the  branch  of  meteorology  or  of  biology  that  treats  of 
animal  or  plant  life  and  development  as  affected  by  climate. 

Agricultural  climatology  Is  that  branch  of  agricultural  meteorology  which 
shows  the  effect  of  climate  upon  the  geographical  distribution  of  vegetation 
and  the  adjustment  of  farm  activities.  This  Is  the  science  that  Is  considered 
In  classifying  the  vegetation  of  the  globe  Into  great  botanical  groups  or  belts, 
as  it  Is  affected  by  the  varying  Intensities  of  temperature,  sunshine,  and 
rainfall. 

Natural  vegetation  has  adjusted  Itself  to  these  climatic  factors  through  long 
ages  of  selection,  until  It  is  possible  to  refer  to  certain  well  defined  locations 
where  any  certain  tree  or  shrub  maintains  its  best  development,  other  sections 
where  It  has  a  constant  struggle  for  existence,  and  still  others  where  it  is 
never  found. 

CULTIVATED   PLANTS. 

While  man  is  constantly  trying  to  grow  crops  in  regions  not  indigenous  to 
them  and  indeed  not  well  adapted  to  them,  it  will  be  found  that  the  principal 
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staple  crops  are  grown  in  the  region  and  In  the  manner  best  salted  for  their 
best  development 

The  great  law  of  the  survival  of  the  fittest  applies  In  crop  management  as  In 
everything  else,  and  the  farmer  has  unconsciously  adjusted  his  activities  to 
the  best  crop  and  applies  his  labor  on  It  In  the  proper  season  for  producing 
the  largest  yield  In  the  best  condition.  This  relates,  of  course,  to  the  staple 
crops  In  a  district  that  has  been  occupied  long  enough  to  have  the  crop  dis- 
tribution properly  adjusted. 

In  a  comparatively  new  country  where  transportation  facilities  are  not  well 
established  certain  varieties  of  crops  will  be  grown  which  later  it  will  be 
found  can  be  produced  more  economically  elsewhere  and  the  ground  devoted 
to  some  better  paying  crop.  For  example,  flax  and  wheat  were  at  one  time 
extensively  raised  In  New  England,  while  now  both  crops  are  very  rare  there. 

There  is  sometimes  an  unconscious  shifting  of  farm  activities  that  will  not 
be  noticed  for  a  number  of  years,  and  then  can  be  explained  only  on  the 
ground  of  proper  adjustment  due  to  climatic  influence. 

One  of  the  most  interesting  examples  of  this  kind  is  the  division  of  the 
dairy  industry  in  Wisconsin  into  definite  cheese-making  and  definite  butter- 
making  districts.  This  was  pointed  out  by  Baker  and  Whitson  in  Bulletin  223 
of  the  Wisconsin  Agricultural  Bxperlment  Station.* 

At  one  time  butter  and  cheese  factories  were  scattered  over  central  and 
southern  Wisconsin.  Now,  however,  the  commercial  cheese  factories  are  con- 
centrated into  two  well-defined  large  districts  in  southwestern  and  eastern 
Wisconsin,  and  two  smaller  centers  in  the  north-central  and  northwestern  por- 
tions of  the  State.  The  butter  Industry,  on  the  other  hand,  occupies  south- 
eastern Wisconsin. 

By  comparing  the  distribution  of  these  two  Industries  with  the  climatic 
maps  it  develops  that  the  commercial  cheese  factories  are  almost  exclusively 
within  the  region  with  less  than  150  days  in  the  growing  season,  while  the 
commercial  butter  factories  are  where  the  growing  season  is  more  than  150 
days  in  length. 

It  develops  also  that  south  of  the  mean  summer  isotherm  of  70*"  F.  there  are 
no  cheese  factories  in  Wisconsin,  and  that  those  between  the  isotherms  of  69"* 
and  70"*  are  not  numerous  and  are  mostly  small.  The  mean  isotherm  of  65* 
for  the  cheese-making  season  approximately  bounds  the  cheese  regions  of  the 
State  on  the  south.  This  adjustment  is  thought  to  be  partly  due  to  the  effect 
of  the  lower  temperature  on  the  quality  of  the  cheese  product  and  partly  to 
the  effect  of  temperature  upon  the  vegetation. 

Another  crop  that  is  largely  determined  by  climate  is  the  sugar  beet  The 
beets  will  grow  well  in  a  warm,  wet  climate,  but  the  sugar  content  will  be  high 
enough  to  warrant  growing  them  commercially  only  in  a  cool  region  and  where 
the  hours  of  daylight  are  many.  This  crop  has  made  its  best  development  com- 
mercially not  far  from  the  isothermal  line  of  70*. 

The  United  States  Department  of  Agriculture  through  the  Office  of  Farm 
Management,  in  cooperation  with  other  branches  of  the  department,  is  now 
studying  in  great  detail  the  geographical  and  cllmatological  distribution  of  the 
various  farm  crops  in  the  United  States.  The  charts  and  tables  will  include 
many  phases  of  climate,  crop  distribution,  dates  of  planting  and  harvesting, 
crop  yields,  etc.  When  this  Is  completed  it  will  undoubtedly  be  one  of  the  most 
important  contributions  to  agriculture  ever  made. 

CRmCAL  PERIODS  OF  GROWTH. 

Experiment  station  investigators  have  found  that  every  plant  has  its  optimum 
temperature  and  moisture  values,  during  which  It  makes  its  best  development, 
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that  this  varies  in  different  periods  of  growth,  and  that  the  heat  and  moisture 
must  he  in  right  pr<H[)ortionf 

The  plant  food  is  brought  to  the  roots  of  a  plant  by  the  moistnre  in  the  soil, 
and  afterward  worked  into  vegetable  tissue  by  the  energy  of  the  solar  rays.  If 
there  is  a  lack  of  plant  food  part  of  the  solar  energy  is  wasted,  while,  on  the 
other  hand,  if  there  is  more  food  brought  to  the  roots  than  the  solar  energy 
can  utilize  then  the  food  material  is  wasted. 

In  the  arid  districts  of  the  western  part  of  the  United  States  there  is 
naturally  too  much  energy  for  the  food  supply,  but  when,  through  irrigation,  a 
large  amount  of  fuel  is  made  available  for  the  great  solar  engine  remarkable 
crops  result 

In  the  highest  latitudes  there  is  generally  an  excess  of  moisture  and  a  de- 
fid^icy  of  heat  These  are  the  conditions  that  prevail  in  much  of  northern 
Bhirope,  and  there  the  crc^  yields  are  largely  a  question  of  temperature  varia- 
tions. 

In  some  places  where  the  rainfall  is  sufficient  but  the  temperature  is  too  low 
for  the  best  growth  of  plants,  as  in  Alaska,  sunshine  becomes  the  most  im- 
portant factor.  In  fact,  we  must  not  try  to  separate  sunshine  and  heat  Solar 
energy  is  the  factor  that  enables  the  plant  to  make  use  of  the  food  brought  to 
its  roots  by  moisture,  whether  we  call  this  energy  degrees  or  calories. 

A  value  called  the  "sunshine-hour  degree**  has  been  obtained  by  multiplying 
the  average  daily  heat  necessary  to  grow  and  mature  a  crop  by  the  total  pos- 
sible hours  of  sunshine  from  planting  to  harvesting.  We  have  worked  out  the 
sunshine-hour  degree  for  corn  in  the  United  States  and  find  that  between 
latitudes  80  and  85  it  is  80,818,  between  latitudes  85  and  40  it  is  65,778,  and 
between  latitudes  40  and  45  it  is  only  47,887. 

This  shows  that  the  number  of  sunshine-hour  degrees  necessary  to  make  a 
crop  diminishes  as  the  latitude  increases,  and  explains  why  there  is  a  decided 
difference  in  the  quantity  of  heat  necessary  to  grow  and  mature  the  same  crop 
at  different  latitudes  due  to  the  difference  in  the  quantity  of  sunlight 

AOBICULTUBAL  METEOBOLOOY. 

Russia  has  ai^arently  taken  the  lead  in  trying  to  determine  the  most  critical 
p^od  for  field  crops,  as  well  as  the  weather  factor  most  affecting  them,  by  the 
inauguration  of  studies  in  the  field. 

The  Russian  Bureau  of  Agricultural  Meteorology  was  authorized  in  1894  and 
began  its  observations  in  1896.  In  1912  they  had  observations  under  way  at  81 
different  experiment  stations  where  meteorological  observations  were  being 
made  as  near  as  possible  to  the  test  farms.  During  each  year  they  have  made  a 
detailed  study  of  the  effect  of  the  various  weather  factors  upon  the  development 
of  the  plant  and  the  final  yield  of  the  crop. 

In  Canada  Mr.  R.  W.  Mills  was  placed  in  charge  of  similar  work,  and  during 
the  summer  of  1915  he  had  records  made  relative  to  the  spring  wheat  crop  at 
14  different  experiment  farms  scattered  from  coast  to  coast 

Forms  were  prepared  covering  78  different  items,  among  them  being  the 
average  height  of  the  plants  on  the  plot  every  seven  days  throughout  the 
summer.  Mr.  Mills  has  visited  the  farms  and  is  now  correlating  the  crop  data 
with  the  temperature,  rainfall,  and  sunshine. 

In  England  systematic  phenological  observations  have  been  made  for  a  good 
many  years  and  frequent  studies  have  been  made  of  the  advance  of  the  season 
and  some  of  weather  and  crop  development 

The  United  States  Weather  Bureau  maintains  a  very  elaborate  meteorological 
service  in  the  interests  of  shipping  and  agriculture,  but  there  is  a  dearth  of 
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Bjrstematic,  continued,  and  extended  phenological  records  from  which  definite 
studies  can  be  made.  • 

One  noted  exception  to  this  statement  is  the  splendid  and  remarkable  series 
of  records  kept  by  Mr.  Thomas  Mikesell  of  Wauseon,  Ohio,  part  of  which  have 
recently  been  published  in  Monthly  Weather  Review  Supplement  No.  2.  (2) 

In  this  report  there  has  been  published  18  different  items  regarding  16  dif- 
ferent fruits  from  the  time  the  buds  start  until  the  trees  are  divested  of  leaves ; 
10  different  items  on  20  different  field  and  garden  crops ;  8  items  relative  to  48 
different  forest  trees,  shrubs,  and  vines,  and  the  dates  of  blossoming  of  114 
different  plants.    These  are  for  a  period  of  80  years. 

For  the  same  period  the  daily  rainfall  and  daily  maximum,  minimum,  and 
mean  temperatures  have  been  ol>served  by  Mr.  Mikesell  and  are  published  in 
the  same  volume.  It  is  believed  that  this  pamphlet  contains  the  most  complete 
local  record  of  the  development  of  plant  life  to  be  found  in  this  country,  al- 
though it  represents  only  part  of  the  phenological  records  kept  by  Mr.  MikeselL 

PKBSOlf AL  INVESTIGATIONS. 

While  this  country  has  comparatively  few  records  for  making  extended  field 
studies  of  weather  effects,  as  is  being  done  in  Russia  and  Canada,  it  has  seemed 
to  the  writer  that  we  have,  in  the  crop  yield  and  meteorological  statistics  that 
are  being  regularly  collected  and  published,  data  available  for  determining  the 
critical  periods  in  the  growth  of  the  staple  crops. 

The  important  thing  seems  to  be  to  get  the  data  for  a  period  long  enough 
so  that  accidental  coincidences  will  be  eliminated,  then  to  develop  a  practical 
method  of  comparing  the  yield  with  definite  weather  conditions  for  definite 
periods  of  time. 

The  United  States  Department  of  Agriculture  and  the  different  State  boards 
of  agriculture  have  been  collecting  crop-yield  statistics  for  a  good  many  years. 
In  Ohio  the  yield  figures  for  the  staple  crops  are  available  for  the  different 
counties  for  each  year  since  1850.  At  the  same  time  the  United  States  Weather 
Bureau  has  been  keeping  dally  records  of  the  various  weather  factors  for  over 
40  years  at  Its  regular  stations,  and  has  been  collecting  similar  data  as  regards 
rainfall  and  temperature  at  thousands  of  cooperative  stations  well  distributed 
over  the  country. 

There  have  been  enough  of  these  voluntary  and  regular  stations  in  Ohio  to 
give  a  reliable  State  average  for  the  temperature  for  each  month  from  1850  to 
date  and  for  the  rainfall  since  1854.  Although  not  many  States  have  a  record 
to  equal  this,  they  nearly  all  have  these  data  for  a  considerable  period  of  time. 

We  have  used  three  different  methods  for  determining  whether  there  Is  a 
relation  between  certain  weather  factors  and  the  yield  of  crops.  These  are  the 
plotted  curve,  the  dot  chart,  and  the  mathematical  calculation  for  giving  the 
measure  of  relation  between  two  factors  as  expressed  In  the  correlation  co- 
efilclent  The  first  two  are  graphical,  while  the  third  Is  the  method  developed 
by  Bravals,  Qalton,  Edgeworth,  Pearson,  and  Yule. 

WEATHKB  AND  THK  YIELD  OF  OOBN.    (8) 

Inasmuch  as  75  per  cent  of  the  world's  production  of  corn  Is  grown  In  the 
United  States,  and  as  this  is  easily  the  most  important  crop  in  Ohio,  this  crop 
was  used  in  our  first  complete  study.  These  studies  have  determined  that  the 
most  important  weather  factor  in  varying  the  yield  of  com  is  rainfall,  and  the 
most  important  period,  considering  calendar  months,  is  July. 

The  average  rainfUl  for  Ohio  In  July  is  almost  exactly  4  inches,  while  the 
average  yield  of  com  for  the  State  for  the  past  60  years  is  84.5  bushels  per 
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acre.  In  figure  1  *  two  corves  have  been  charted,  showing  the  variations  of  the 
com  yield  and  the  July  rainfall  from  the  normal  for  each  year  from  1854 
to  1918.  An  inspection  of  this  chart  will  show  that  while  in  a  few  cases  the 
curves  do  not  mn  together,  in  general  there  is  a  marked  relation  between 
theuL    This  is  especially  true  when  there  is  much  variation  from  the  normaL 

If  the  60  years  be  grouped  by  different  rainfall  amounts,  the  yield  figures 
show  some  interesting  results.  This  is  brought  out  in  Table  1,  where  the  July 
rainfall  amounts  are  grouped  for  each  variation  of  one-fourth  inch,  one-half 
inch,  and  1  inch. 

Table  1. — Effecia  of  variatiant  in  July  rainfall  in  Ohio  on  the  yield  of  com, 

1854  to  191S. 


For  each  inoreatein  the  rainfall  of— 

There  has  been  an  increase  in 
the  com  yield  of- 

inch  from  1.75  to  8  inchM 

Peraere 

1.4 
1.2 
4.8 
2.8 

7.8 

Tnfiil 

Bv.<KMlOO 
4,  2[ MM  100 

16,'iWJlOO 
8.0.VMI00 

27,:^LHij00 

Vaiue. 
11,400,000 
2,060,000 
2,100,000 

ineli  from  2  to  4  inches 

Hf* from  It 75 to 8 inched 

7,525,000 

lni4ifroni  1  TKtn^lllOlMff 

4,025,000 

Below  3  inidifle  to  6  or  more 

13,650,000 

The  total  amoant  of  land  devoted  to  com  in  Ohio  averages  3,500,000  acres.   The  average  farm  price  of 
oom  on  December  1  is  50  cents  per  bosbeL 

One  of  the  most  important  facts  brought  out  in  this  table  is  that  there  Is  a 
critical  July  rainfall  value  of  close  to  8  inches.  For  example,  the  first  item  in 
the  table  shows  that  the  average  increase  in  the  yield  of  corn  with  each  in- 
crease in  the  rainfall  of  one-fourth  inch  from  1.75  inches  to  8  inches,  is  0.8 
bushel  per  acre,  but  between  2  inches  and  4  inches  each  increase  in  the  rainfall 
of  one-fourth  inch  causes  an  Increase  in  tlie  yield  of  1.4  bushels  per  acre. 

Again,  in  the  third  and  fourth  items,  the  figures  show  that  with  each  in- 
crease of  one-half  inch  in  the  July  rainfall  the  yield  averages  to  increase  at 
the  rate  of  1.2  bushels  per  acre,  but  when  the  rainfall  passes  the  8-inch  mark 
the  increase  in  the  yield  with  each  variation  of  one-half  inch  in  rain  amounts 
to  over  three  and  one-half  times  as  much,  or  4.8  bushels  per  acre. 

These  figures  mean  that  near  the  critical  rainfall  point  a  variation  of  one- 
fourth  inch  in  July  means  a  variation  in  the  value  of  the  com  crop  in  Ohio  of 
Dearly  $3,000,000,  and  that  a  variation  of  one-half  inch  makes  an  average 
variation  in  the  value  of  the  crop  of  over  $7,500,000. 

The  last  item  in  the  table  indicates  that  when  the  rainfall  for  July  for  the 
State  of  Ohio  averages  over  5  inches  the  probable  corn  yield  will  be  more 
than  27,000,000  bushels  greater  than  it  would  be  if  the  rainfall  averages  less 
than  3  inches.  This  is  an  increase  in  the  value  of  the  corn  crop  of  $8.90  per 
acre,  or  an  increase  in  the  purchasing  power  of  the  farmers  of  Ohio  of 
$13,850,000  due  to  com  alone.  This  will  allow  for  the  purchase  of  over  80,000 
of  the  most  popular-priced  automobiles,  with  a  nice  little  sum  left  over  for 
repairs. 

Pour  greatest  com  States. — Of  the  total  acreage  of  corn  in  the  United  States 
80  per  cent  is  grown  in  the  four  States  of  Indiana,  Illinois,  Iowa,  and  Missouri. 
Of  the  total  amount  shipped  out  of  the  county  in  which  it  is  grown,  60  per 
cent  is  raised  in  these  four  States.  The  average  area  devoted  to  com  in  these 
States  is  80325,800  acres,  and  the  average  yield  is  82  bushels  per  acre. 


^Figure  too  large  to  pnblish. 
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In  tbese  States,  when  the  rainfall  for  July  has  averaged  between  2  and  2.5 
inches,  the  yield  of  com  has  averaged  23  bushels  per  acre,  and  when  the  rain- 
fall has  been  between  2.5  inches  and  8  inches  the  yield  has  averaged  33  bushels 
per  acre.  This  increase  of  10  bushels  per  acre  with  an  increase  of  only  one- 
half  inch  of  rain  means  an  increase  in  the  value  of  the  corn  crop  of  $5  per 
acre,  or  the  interesting  sum  of  $150,000,000. 

When  the  rainfall  for  July  over  the  eight  great  com  States  of  the  central 
part  of  the  United  States  has  averaged  more  than  4.4  inches,  the  yield  of  corn 
has  been  greater  by  500,000,000  bushels  than  when  the  rainfall  has  been  less 
than  3.4  inches. 

If  com  is  king  surely  rain  is  the  "power  behind  the  throne,"  and  when  a 
variation  of  this  amount  In  the  amount  of  rainfall  in  July  can  be  shown  to 
increase  the  value  of  the  corn  crop  fully  $250,000,000,  it  must  be  true  that 
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during  the  month  of  July  upon  tho  yield  of  oorn.     Ohio,   1854-1913. 
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rainfall  In  July  is  the  dominating  weather  factor  in  the  production  of  corn  in 
the  United  States. 

In  figure  2  the  importance  of  rainfall  in  July  is  emphasized,  and  it  is  made 
clear  that  the  variations  in  mean  temperature  in  July  do  not  greatly  affect  the 
yield  of  com.  This  is  the  second  graphical  method  employed  and  is  called 
the  "  dot  chart"  This  chart  is  a  most  practical  method  for  showing  the  effect 
of  two  factors  upon  a  third. 

In  this  case  the  combined  effect  of  temperature  and  rainfall  during  the  month 
of  July  upon  the  yield  of  com  is  indicated.  That  temperature  does  not  have  a 
material  effect  is  made  plain  by  the  fiict  that  there  were  just  as  many  good 
yields  of  com  when  the  temperature  was  above  the  normal  as  when  it  was 
below  the  normal.  On  the  other  hand,  the  plus  marks,  showing  the  yield  above 
the  normal,  are  far  in  excess  when  the  rainfall  was  above  the  normal. 
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If  we  considered  only  those  years  whdn  the  rainfall  departed  1  inch  or  more 
from  the  normal  it  will  be  seen  that  when  it  was  wet  the  com  yield  was  above 
the  normal  12  times  and  below  only  once,  and  that  when  it  was  dry  there  were 
18  poor  yields  and  only  two  good  ones.  In  other  words,  when  the  rainfall  in 
Ohio  for  July  is  more  than  1  inch  above  the  normal  the  probability  of  a  good 
corn  crop  is  92  per  c^it,  and  when  the  rainfall  is  1  inch  or  more  below  the 
normal  the  probability  of  a  good  com  crop  is  only  13  per  cent 

Tfie  correlation  ooeffMent  (r)  (4). — The  importance  of  the  rainfall  for  July 
in  connection  with  the  yield  of  corn,  as  compared  with  other  months,  is  made 
plain  in  Table  2.  The  two  graphical  methods  heretofore  described  show  the 
general  relation  between  two  f&ctors,  bnt  the  measure  of  the  relation  be- 
tween two  variables  is  best  determined  by  the  correlation  table  as  used  by 
statisticians.  This  measure  is  shown  by  the  nearness  of  the  correlation  coeffi- 
cient (r)  to  unity.  The  values  of  r  have  been  determined  between  the  yield  of 
com  in  Ohio  and  the  rainfall  for  the  different  summer  months  and  are  shown 
in  Table  2. 

Table  2. — Correlation  of  the  rainfall  with  the  yield  of  com  in  Ohio,  1854  to  191$. 


Period. 


June 

Jnly 

AoguBt 

June  and  July  combined 

July  and  Aoguatoombined 

lime,  July,  and  August  oombfaied 


This  table  makes  plain  that  the  rainfall  for  the  month  of  July  has  a  far 
greater  effect  upon  the  yield  of  corn  than  either  the  month  of  June  or  August, 
somewhat  greater  than  for  June  and  July  combined,  and  slightly  greater  than 
for  June,  July,  and  August  combined,  but  that  the  rainfall  for  July  and  August 
combined  has  a  greater  favorable  effect  than  for  July  alone.  Similar  correlation 
tables  made  for  both  the  four  as  well  as  the  eight  largest  com  States  show  the 
same  dominating  effect  of  the  July  rainfall  as  compared  with  the  other  summer 
months. 

In  order  to  ascertain  what  other  or  shorter  periods  than  calendar  months 
might  have  a  marked  effect  upon  the  corn  yield,  correlation  tables  have  been 
worked  out  between  the  corn  yield  in  central  Ohio  and  the  rainfall  for  each 
period  of  10,  20,  80,  40,  and  50  days  from  June  1  to  August  81.  The  period 
giving  the  highest  value  of  (r)  in  each  case  is  given  in  Table  8. 

Table  3. — The  most  important  periods  for  rainfall  in  the  development  of  the 
com  crop  in  central  Ohio,  1891  to  1910. 


Period. 


Most  invariant. 


Correla- 
tion 00- 


(r). 


Proba- 
ble 


Por  10  days.. 
For  ao  days.. 
For  ao  days.. 
For  40  days.. 
For  00  days.. 


Ang.ltol0 

Joiy  21  to  Ang.  10. 
July  11  to  Ang.  10. 
Jnly  11  to  Ang.  20. 
July  1  to  Ang.  20. 


0.63 
.60 
.40 
.00 


±0.10 
±  .10 
±  .10 
±  .00 
±.00 
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In  making  the  correlations  in  Table  3  the  10-day  periods  wwe  for  each  suc- 
cessive 10  days— t  e.,  June  1  to  10»  June  11  to  20,  etc.  In  making  the  20-day 
correlations  the  periods  were  for  each  20  days  beginning  June  1,  June  11, 
June  21,  etc    The  longer  periods  overlapped  as  in  the  20-day  grouping. 

The  correlation  coefficient  for  the  10  days  from  August  1  to  August  10  was 
considerably  higher  than  for  any  other  10  days,  thus  showing  that  this  is  the 
most  important  10  days  in  the  latitude  of  central  Ohio  in  the  growth  of  the  com 
crop.  In  the  longer  periods  the  value  of  (r)  as  indicated  in  Table  8  was  not 
much  greater  than  for  one  or  more  near-by  groiQNS. 

In  order  to  ascertain  what  relation  the  above-mentioned  p^iods  bore  to  the 
growth  period  of  corn  Table  4  has  been  taken  from  the  Wauseon,  Ohio,  phono- 
logical data,  referred  to  on  page  78. 

Table  ^—PhenologicQl  dates  relative  to  com  recorded  at  Wauseon,  Ohio,  188S 

to  1912. 


Date. 


AycngB. 


Earliest. 


Planted 

Above  sroond. 
In  blossom.... 
Ripe 


May  U 
May  28 

July  25 
Sept.  13 


Apr.  26 
May    e 

July  10 
Aug.  80 


Jmie  18. 
Jmie  28. 
Aug.  6. 
10. 


Aug. 
Oct. 


From  these  data  and  the  meteorological  observations  taken  at  Wauseon 
Tables  5  and  6  have  been  prepared.  The  total  effective  heat  or  "  thermal  con- 
stant*' was  determined  by  getting  the  sum  of  the  daily  temperatures  above 
43'  F. 

Tablb  5. — Thermal  constants  for  com  at  Wauseon,  OMo,  with  correlation 
coefflcient  between  the  total  effective  heat  and  the  com  yield,  188S  to  1912. 


Bfleotive  beat 


10  days  before  planting.. . . 
Planting  to  above  cround. 
Above  ground  to  bUMSom. 

Blossom  to  ripening 

10  days  before  blossom.. .. 
10  days  after  blossom 


Average. 


•F. 
180 
148 

1,600 

1,887 

200 


Greatest. 


•F. 
818 
201 
1,084 
1,007 
880 
800 


•F. 

-28 

86 

1,282 

807 

240 

leo 


tloocoel* 

floient 

(r). 


-0.08 

-  .08 
.18 
.06 

-.008 

-  .28 


In  Table  5  the  only  value  of  (r)  that  is  high  enough  to  receive  consideration 
is  for  the  10  days  after  blossoming.  As  this  is  negative,  it  shows  that  cool 
weather  is  desirable. 

Table  6. — Total  rainfaU  {incJtes  and  tenths)  for  com  at  Wauseon,  Ohio,  ioith 
the  correlation  coefficient  between  the  rainfall  and  the  yield  of  com,  1885  to 
1912. 


RalnftOl. 


Average. 


Greatest. 


Least. 


Correla- 
tion coel* 


(r) 


10  days  before  planting 

Planting  to  above  ground 

Above  grotmd  to  blossom 

Blossom  tor^)enIng , 

5  days  before  to  5  days  after  blossoming. 

10  days  before  blossom 

10  days  after  blossom 

20  days  after  blossom 

80  days  after  t* 


0.0 
1.0 
7.4 
4.6 
.8 
LI 
1.1 


2.6 
8.8 
15.8 
18.8 
4.0 
8.7 
6^4 


T. 

T. 
2.8 
1.1 

T. 

T. 
0.0 


0.01 

-  .06 

-  .08 
.20 
.48 
.20 
.74 
.87 
.46 
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The  results  from  the  correlation  in  Table  6  are  very  important.  It  makes 
plain  that  there  is  no  relation  between  the  rainfall  during  the  first  part  of  the 
period  of  growth  of  corn  and  the  yield.  But  it  makes  equally  plain  that  for 
the  10  days  immediately  following  blossoming  rainfall  is  of  great  importance 
to  the  com  crop.  The  value  of  (r)  for  this  item  is  15  times  the  probable  error. 
It  Is  considerably  higher  than  for  either  the  20  or  the  30  days  following  the 
date  of  blossoming. 

In  figure  3  the  combined  effect  of  rainfall  and  temperature  for  the  10  days 
following  the  date  of  blossoming  of  corn  at  Wauseon,  Ohio,  is  indicated.  This 
demonstrates  that  wet  weather  at  this  time  is  nearly  always  favorable  for  a 
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rifiiT*  3-  Dot  oh«t  8howln»  the  conblnad  affect  of  temperature  and  rainfMl  during  the  10 
d(i7«  foU owing  tke  date  ^f  bloeacn  apon  the  yielt  of  oom  at  vaaeoon    Ohio.  1865-19X2. 
•♦•    Yield  above  norwal;  —   Yield  below  noraal. 

good  yield  of  corn,  and  that  dry  weather  is  not  necessarily  unfavorable  if  it 
is  accompanied  by  cool  weather.  But  when  warm  weather  accompanies  the 
lack  of  rain  the  probability  of  a  poor  crop  is  close  to  90  per  cent 

From  the  above  it  is  shown  that  the  critical  period  In  the  growth  of  corn  is 
for  the  10  days  following  blossoming.  For  10-day  periods  it  is  from  August 
1  to  10,  and  for  calendar  months  it  is  for  the  month  of  July.  If  it  were  prac- 
ticable to  compute  the  60-year  record  of  rainfall  for  the  period  from  July  15 
to  August  15  this  would  undoubtedly  give  the  highest  value  of  (r)  In  a  correla- 
tion with  the  corn  yield,  and  thus  show  this  period  to  be  the  most  critical  one 
In  the  development  of  this  crop  in  the  United  States. 

THB  CBITICAL  PKBIOU  VOB  POTATOES. 


For  the  State  of  Ohio  the  most  critical  calendar  month  for  potatoes  is  July, 
as  has  been  shown  In  an  article  In  Monthly  Weather  Review  for  May,  1916  (6). 
68436~-voL  11— 17 6 
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Table  7. — CorrelatUm  between  the  temperature  and  rainfaU  and  the  yield  of 
potatoet  in  Ohio,  1860  to  19H, 


Gofrefatioii  oo«flld«ii  (r). 


Firiod* 


June , 

July 

August 

September 

October 

June  and  July  oombiDed 

July  and  Augiiat  combined 

June,  July,  and  August  combined.. 


In  Table  7  it  is  shown  that  cool  weather  is  desirable  during  each  month  of 
the  summer  to  produce  the  best  crop  of  potatoes,  while  Jiily  is  the  important 
month.     In  fact,  this  is  tlie  only  month  with  a  correlation  coefficient  high 
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Yigore  4-  ttot  chart  sliowlxig  the  combined  effect  of  temperuture  and  rainfall 
for  the  month  of  Jul^,  upon  the  yield  of  potatooa,  in  Ohio,  ISeO-lSlit  &5  yeara- 
4*  Yield  above  normal;  mm    Yield  below  normal. 

enough  to  warrant  any  decided  argument  in  the  matter.  When  the  summer 
months  are  combined  the  results  are  not  far  from  those  for  July  alone.  The 
higher  value  of  (r)  shows  that  the  temperature  has  a  greater  effect  in  Ohia 
than  rainfall  on  the  potato  crop. 

Figure  4  is  a  dot  chart  giving  the  influence  of  July  rainfall  an^l  temperature 
upon  the  potato  crop  In  Ohio.  It  covers  a  period  of  55  years.  This  shows  that 
warm  weather  in  July  is  nearly  always  unfavorable  for  potatoes  tnd  tliat  there 
is  seldom  a  good  yield  when  July  is  warm  and  wet  This  is  in  marked  contrast 
to  the  effect  of  these  conditions  on  the  com  crop. 
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Wben  the  mean  temperature  In  July  has  averaged  more  than  1*  a  day  higher 
than  the  normal  the  yield  of  potatoes  has  been  above  the  normal  twice  and 
below  the  normal  14  times.  This  is  a  probability  of  88  per  cent  that  the 
yield  will  be  below  the  normal  if  July  is  very  warm.  When  the  temperature 
has  been  above  the  normal  and  the  rainfall  more  than  1  inch,  either  greater  or 
less  than  the  normal,  the  yield  has  always  been  below  the  normal.  When  it  has 
been  cool  and  wet  the  yield  has  been  above  the  normal  12  times  and  below  only 
$  times.  A  cool  and  dry  July  has  Just  as  many  yields  above  as  below  the 
normal. 

A  similar  dot  chart  made  by  combining  July  and  August  shows  that  warm 
and  dry  weather  for  the  two  months  Is  decidedly  unfavorable,  while  cool  and 
wet  weather  for  the  two  months  is  decidedly  favorable. 

Table  8  shows  the  results  of  a  correlation  of  the  potato  yield  in  central  Ohio 
with  the  rainfall  and  temperature  for  each  10  days  from  June  1  to  August  31. 
This  indicates  that  the  period  from  July  1  to  10  is  the  most  important  10  days 
for  potatoes  as  regards  both  temperature  and  rainfall. 

Tabue  8. — Correlation  of  the  yield  of  potatoes  in  central  Ohio  with  tetnperature 
and  rainfall  for  each  10  days,  1891  to  1910. 


Period. 

Temperetore. 

BalnfiUl. 

lime  ItolO 

-0.12 

-  .17 
-.28 

-  .44 

-  .33 

-  .33 

-  .23 

-  .86 

-  .38 

0.29 

Jane  11  to  20 

.32 

June  21  to  30 

.10 

July  ItolO 

.48 

July  11  to  20 

-.28 

July  21  to  31 

-.12 

Aug.  ItolO 

.06 

Aug.  11  to  20 

.87 

Ai«.  21to31 

—.26 

While  most  of  the  rainfall  values  of  (r)  are  not  high  it  is  interesting  to 
note  that  part  of  them  are  negative  and  part  positive,  showing  that  part  of 
the  season  rain  is  needed  and  part  of  the  time  that  it  is  a  detriment  This 
condition  persists  throughout  similar  correlations  for  20,  30,  40,  and  50  day 
periods. 

A  correlation  between  the  yield  of  potatoes  with  the  temperature  and  rainfall 
constants  during  the  development  of  the  plant,  made  by  using  the  phenological 
data  at  Wauseon,  Ohio,  shows  that  the  most  important  period  for  temperature 
is  for  the  10  days  following  the  date  of  blossoming.  Cool  weather  is  necessary 
to  insure  a  good  crop.  Rain  is  necessary  during  a  number  of  weeks  before 
blossoming. 

WEATHEB  AND  WINTER  WHEAT. 

While  most  spring-seeded  crops,  especially  those  of  rapid  growth,  have  well- 
defined  periods  when  they  are  greatly  affected  by  the  weather,  it  is  much 
more  difficult  to  find  the  dominant  weather  factor  as  well  as  the  critical  period 
of  growth  with  fall-seeded  crops  or  those  with  a  long  growing  period. 

In  connection  with  winter  wheat,  for  example,  the  general  opinion  is  that 
particular  weather  conditions  must  have  a  great  effect  upon  the  yield.  Expres- 
sions like  the  following  are  common:  "The  weather  of  the  fall  was  fine  for 
the  wheat  crop,"  "A  poor  crop  of  wheat  will  be  harvested  because  the  winter 
was  so  severe,''  "It  was  so  mild  in  January  that  a  splendid  wheat  ^op  Is 
assured." 
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Correlation  coefficients  have  been  calculatetl  showing  the  relation  between 
the  yield  of  winter  wheat  In  Ohio  and  the  ten^perature  and  rainfall  conditions 
covering  periods  from  30  to  60  years.    Some  of  these  appear  In  Table  9. 


Tabeb  9. — Correlation  of  the  yield  of  winter  iclieM  in  Ohio  %cith  the  temperature 

and  rainfall. 


CorrelaUan  ooefndent  (r). 


Period. 


September 

October 

November 

December 

January 

February 

March 

April 

May 

Aatumn  (September  to  November) 
Winter  (December  to  February) . . . 
Spring  (March  to  May) 


The  second  column  In  this  table  shows  that  there  Is  no  appreciable  relation 
between  the  variations  In  rainfall  In  Ohio  and  the  yield  of  winter  wheat.    The 
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Tigoxa  R-     1^0 1  oltBrt  showing  the  relation  between  the  mean  teaperatvira  for 
Haroh  and  the  yUld  of  rirter  wheat  In  Ohio.   1860-1913.  The  yield  and 
tenpomt^jre  values  org   -l -^varturea  ffon  the  normal.. 

rainfall  is  neither  too  heavy  nor  too  light  often  enough  to  have  an  appreciable 
effect  upon  the  yield.  This  is  true  of  individual  months  as  well  as  for  the  fall, 
winter,  and  spring  seasons. 
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The  first  column  of  Table  9  also  shows  that  neither  the  mean  temperature  for 
the  fall,  winter,  and  spring  seasons,  nor  that  for  individual  months  except 
February  and  March,  has  a  controlling  effect  upon  the  yield  of  wheat  The 
value  of  (r)  for  March  is  slightly  more  than  seven  times  the  probable  error,  and 
as  this  is  preceded  by  the  plus  sign  it  shows  that  warm  weather  in  March  is 
very  important  for  a  good  yield. 

Figure  5  brings  out  the  influence  of  the  temperature  for  March  upon  th** 
winter  wheat  in  Ohio.  An  inspection  of  the  chart  will  show  that  March  has 
been  warmer  than  the  normal  24  times  during  the  past  54  years,  and  that  in 
those  years  21  have  had  a  wheat  yield  above  the  normal  and  only  3  a  yield 
below  the  normal. 

On  the  other  hand,  a  cool  March  usually  means  a  poor  wheat  yield,  altliougti 
the  unfavorable  effect  is  not  quite  so  marked  as  is  the  favorable  effect  of  a 
warm  March. 

If  we  consider  only  those  years  when  the  departure  of  the  mean  temperature 
has  been  2  degrees  or  more  a  day  from  the  normal,  then  with  a  warm  March 
the  probability  of  the  wheat  yield  being  above  the  normal  is  94  per  cent  and 
with  a  cold  March  the  probability  of  a  poor  wheat  yield  is  75  per  cent 

Effect  of  9now  covering  on  winter  wheat — It  is  common  to  credit  a  good  snow 
covering  in  the  wintertime  with  a  good  yield  of  wheat,  or  to  say  that  the  lack 
of  a  snow  blanket  is  sure  to  cause  a  poor  yield  of  wheat,  but  careful  correlations 
made  in  Ohio  seem  to  show  no  beneficial  result  from  snow  covering  or  damage 
from  the  lack  of  it  At  least  the  snow  covering  does  not  have  a  dominating 
influence.  On  the  other  hand,  the  studies  seem  to  show  that  bare  ground  with 
freezing  and  thawing  weather  during  January  is  beneficial. 
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Figure  6-     Curvo.^  dlxowing  tho  relation  beiroon  tno   cnowfull   in  I'ui-ch  »it     tiUL^eon.    Ohio, 
and  tl»  yloU  of  winter  wheat   In  Pulton  County.   Iy9c*-19l4. 

iv».po.^-t-«-i.^  Qf  Xixo  yield   liom  l*io  normal ,   in  "buchola  re^^  acre. 
.,,..«........ .Departure  of  tho   anowfull   iro«  th.    nor  al.   In  in.hos. 

Snowfall  and  yield  of  winter  wheat, — ^Further,  while  a  snowfall  in  January 
appears  to  be  favorable,  it  Is  found,  contrary  to  the  usual  opinion,  that  a  snow- 
fall in  March  is  decidedly  detrimental  to  winter  wheat. 
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In  figure  6  a  chart  is  reproduced  showing  by  one  curve  the  departure  of  the 
wheat  yield  from  the  normal  In  Fulton  County,  Ohio,  and  by  the  other  the 
departure  of  the  snowfall  from  the  normal  at  Wauseon.  It  will  be  at  once  seoi 
that  with  two  or  three  exceptions  the  wheat  yield  is  always  poor  when  the 
snowfall  is  above  the  normal  and  the  wheat  yield  is  always  good  when  the 
snowfall  Is  below  the  normal. 

This  curve  is  substantiated  by  a  correlation  between  these  factors  in  this  and 
several  other  counties  in  Ohio,  so  that  the  fact  seems  to  be  well  established. 
In  fact  tlie  correlation  coefficients  show  that  this  is  the  most  important  weather 
factor  in  its  effect  upon  the  yield  of  winter  wheat  In  Ohio.  Just  why  this  is  so 
remains  to  be  answered  along  with  a  great  many  other  similar  questions. 

A  FEW  OF  THE  PBODLEMS. 

Why  are  oats  grown  so  extensively  in  northern  Ohio  and  not  in  the  southern 
portions  of  the  State?  Why  is  it  that  head  lettuce  Is  grown  with  such  splendid 
success  in  the  greenhouses  about  Boston,  but  can  not  be  grown  at  all  in  the 
vicinity  of  Cleveland? 

What  Is  the  length  of  the  growing  season  of  a  crop  planted  at  different  times 
and  under  different  climatic  conditions?  Are  crops  being  planted  at  such  time 
as  will  bring  that  period  of  their  development  when  they  need  much  water  at 
the  season  of  the  year  when  there  is  an  abundance  of  rainfall,  or  does  it  come 
when  there  is  little  rainfall?  Is  the  value  of  an  early  crop  great  enough  to 
warrant  planting  so  early  that  It  will  be  killed  by  frost  25  per  cent,  50  per  cent, 
or  75  per  cent  of  the  time?     If  so,  what  are  the  dates  of  spring  frosts? 

If  It  Is  true  that  nitrate  of  soda  has  Its  best  effect  upon  crops  In  dry  and 
warm  weather  and  sulphate  of  ammonia  produces  the  best  result  In  moderately 
wet  weather,  should  not  the  kind  of  fertilizer  to  be  used  depend  upon  the 
climate  and  the  season  of  the  year?  Is  It  true  that  agricultural  experiment  sta- 
tion investigators  have  been  carrying  on  long  fertilizer  experiments  without 
taking  Into  account  the  different  amounts  of  heat  and  rainfall  during  the  dif- 
ferent years  covered  by  the  tests? 

It  has  been  found  that  the  keeping  quality  of  seeds  as  well  as  their  germinat- 
ing vigor  depends  upon  the  condition  of  the  weather  while  they  are  ripening. 
In  Europe  it  has  been  found  that  the  weather  during  the  ripening  of  some  crops 
has  more  to  do  with  the  yield  from  that  seed  than  that  of  any  similar  period 
during  the  growth  of  the  plant. 

This  being  the  case  the  exact  condition  of  the  weather  when  seeds  of  any 
crop  are  ripening  should  l>e  known  and  those  selected  from  only  tliat  dis- 
trict that  had  the  most  favorable  ripening  conditions,  even  if  one  has  to  go  a 
long  distance  for  them.  The  question  will  then  follow  whether  we  can  vary 
the  time  of  planting,  the  thickness  of  the  stand,  or  the  kind  of  fertilizer  so  that 
the  date  of  ripening  can  be  brought  into  that  period  when  weather  most 
favorable  for  the  seed  is  most  apt  to  prevalL 

Why  Is  the  keeping  quality  of  onions,  for  example,  different  from  seed  grown 
in  California  than  that  grown  in  Michigan?  Wliy  was  it  considered  necessary 
for  many  years  to  get  cabbage  and  cauliflower  seed  from  Long  Island  in  ord^ 
to  have  them  head  in  the  most  satisfactory  manner?  Wliy  is  it  that  while 
spring  wheat  shows  a  better  yield  and  quality  if  the  seed  is  obtained  from  more 
northern  districts,  winter  wheat  seed,  on  the  other  hand,  gives  best  results  If 
selected  from  more  southern  districts? 

If  it  is  true  that  wheat  ripened  in  a  marine  climate  contains  such  a  low  per 
cent  of  protein  as  compared  with  Uiat  grown  in  an  inland  continental  climate 
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that  it  becomes  necessary  to  increase  the  consumption  of  other  nitrogenous 
foods,  why  do  we  never  inquire  as  to  the  locality  from  which  our  flour  conies 
or  the  condition  of  moisture  under  which  the  wheat  is  grown? 

Some  of  our  investigations  in  Ohio  show  that  the  weather  during  June  of 
■one  year  has  a  greater  effect  upon  the  apple  yield  of  the  next  year  than  the 
weather  of  any  other  month  of  the  next  15;  but  is  this  universally  true?  We 
know  something  of  the  effect  of  longer  hours  of  sunshine  or  of  daylight  in 
varying  the  color  of  flowers  and  the  texture  of  fruit  and  of  grain,  but  we  know 
little  of  the  effect  of  much  sunshine  at  Just  the  proper  period  of  growth  in 
producing  some  extraordinary  yields. 

As  I  see  the  matter,  agricultural  meteorology  can  answer  these  and  a  multi- 
tude of  similar  questions  by  finding  the  critical  period  of  growth  for  the  dif- 
ferent plants  In  different  parts  of  the  country  and  then  correlating  this  knowl- 
•edge  with  the  known  climatic  factors. 

The  determination  of  the  critical  period  of  the  plant  and  the  weather  most 
affecting  it  can  be  accomplished  in  two  ways.  One  by  a  systematic  study  of  the 
temperature,  rainfall,  sunshine,  and  evaporation  at  the  agricultural  experi- 
ment stations  and  the  record  of  the  immediate  effect  of  these  conditions  on 
the  various  plants.  This  is  the  plan  that  is  in  effect  in  Russia  and  has  Just 
t>een  taken  up-  in  Canada. 

The  other  is  by  correlating  the  crop  yields  during  past  years  with  the 
weather  conditions  that  prevailed  during  each  growing  season  by  means  of 
-charts  and  correlation  tables.  To  accomplish  this  the  tabulating  and  charting 
of  dimatological  data  underway  by  the  Weather  Bureau  must  be  completed 
and  the  average  and  extreme  temperature,  rainfall,  and  sunshine  data  deter- 
mined not  only  for  States  but  for  groups  of  States  and  for  parts  of  States. 
These  should  cover  as  many  yeara  as  possible  and  be  tabulated  by  months  and 
groups  of  months.  In  the  most  important  agricultural  districts  the  averages 
should  be  determined  for  10-day  periods  or  for  definite  weekly  periods. 

THE  VALUE  OF  SUCH  A  SERVICE. 

The  United  States  Weather  Bureau  is,  and  has  been  for  years,  carrying  on 
definite  work  in  the  interest  of  agriculture,  which  is  properly  placed  under  the 
head  of  agricultural  meteorology.  I  refer  to  the  special  corn  and  wheat  region 
service,  the  cotton  and  rice  service,  its  special  fruit  service,  and  its  weekly 
and  monthly  crop  bulletins.  But  when  the  critical  period  for  the  various  plants 
has  been  discovered  and  the  information  is  at  hand  that  will  appear  in  the 
agricultural  atlas,  then  these  special  activities  of  the  Weather  Bureau  will 
take  on  a  special  significance  and  can  be  made  of  far  greater  value  to  the  agri- 
cultural interests  of  the  country  than  they  now  are. 

The  value  of  the  knowledge  gained  from  a  study  of  agricultural  meteorology 
can  not  be  overestimated.  Take  the  irrigated  districts  of  the  West,  for  example, 
how  often  one  sees  crops  or  even  whole  fields  spoiled  by  too  much  water; 
grain  watered  at  the  wrong  time  giving  a  great  stand  of  straw  but  little 
grain;  potatoes  given  too  much  moisture  Just  as  the  tubers  were  setting,  and 
the  result  being  many  more  than  the  plant  could  mature;  water  used  on 
one  plant  that  did  not  need  it,  at  a  time  when  the  supply  was  limited,  while 
another  crop  should  have  had  a  maximum  supply  at  this  period  of  its  growth. 

ESven  in  the  humid  region  of  the  central  and  eastern  districts  a  correct  knowl- 
edge of  the  importance  of  water  at  the  right  time  will  make  men  see  the  value 
of  being  able  to  supply  this  moisture  through  irrigation. 

I  wonder  whether  we  have  even  begun  to  understand  the  importance  of 
plenty  of  water  in  our  crop  production  scheme.    Surely  there  must  be  some- 
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thing  in  tlie  old  legend  of  the  pot  of  gold  at  the  end  of  the  rainbow.  Only 
if  we  but  knew  it,  it  Is  not  necessary  to  follow  the  rainbow  to  lis  end  to  find 
the  gold.  The  gold  had  fallen  from  the  clouds  before  the  rainb»>w  came  into 
view. 

If  every  summer  shower  should  bring  down  to  the  ground  dimes  and  dollars 
and  golden  eagles,  how  eagerly  we  would  watch  for  each  thunder  head  as  it 
loomed  above  the  western  horizon.  If  a  new  land  should  be  discovered  where 
one  could  go  out  after  each  storm  and  find  money  lying  around  on  the  ground 
or  pick  it  from  the  trees  and  shrubs,  there  would  be  a  stampede  to  this  new 
Eldorado  such  as  the  days  of  *49  never  knew. 

And  yet  it  seems  clear  that  the  rains  of  the  growing  months  of  summer 
leave  wealth  over  every  acre  of  ground  just  as  surely  as  would  be  the  case 
if  money  actually  fell  from  the  skies.  To  be  sure,  we  can  n^  see  the  real 
coins,  and  because  so  little  has  been  done  to  measure  the  actual  value  of 
the  rain  in  dollars  an<l  cents  we  have  not  thought  it  possible  to  calculate  its 
worth. 

We  know,  of  course,  that  it  has  a  value,  but  never  have  thought  it  possible 
to  separate  this  one  factor  from  all  of  the  others  that  go  to  control  the  growth 
of  vegetation  and  produce  the  crop. 

We  believe  that  this  new  agricultural  meteorology  when  properly  developed 
will  enable  us  to  express  rainfall  in  terms  of  cash  value  instead  of  In  inches 
of  water,  temperature  in  the  ability  of  the  farmers  to  buy  instead  of  in  degrees, 
and  sunshine  in  the  increased  number  of  automobiles  and  farm  tractors  Instead 
of  in  calories. 

BEFERET9CKS. 

(1)  The  Climate  of  Wisconsin  and  Its  Relation  to  Agriculture,  by  A.  R. 
Whitson  and  O.  B.  Baker,  The  University  of  Wisconsin  Agricultural  Experi- 
ment Station  BulletlD  223,  July,  1912. 

(2)  Phenological  Dates  and  Meteorological  Data  Recorded  by  Thomas  Mike- 
sell  at  Wauseon,  Ohio,  compiled  and  edited  by  J.  Warren  Smith,  Monthly 
Weather  Review  Supplement  No.  2. 

(3)  The  Effect  of  Weather  upon  the  Yield  of  Ck)rn,  by  J.  Warren  Smith, 
Monthly  Weather  Review,  February,  1914. 

(4)  CJor relation.    J.  Warren  Smith,  Monthly  Weather  Review,  May,  1911. 

(5)  The  Effect  of  Weather  upon  the  yield  of  Potatoes,  by  J.  Warren  Smith, 
Monthly  Weather  Review,  May,  1915. 

The  Chairman.  It  gives  me  great  pleasure  to  lay  this  paper  before 
you  lor  discussion.  I  hope  you  will  permit  me  to  open  the  same  by 
calling  attention  to  the  fact  that  this  paper  by  Prof.  Smith  shows 
how  the  science  of  meteorology  can  be  applied  to  the  great  economic 
advantage  of  any  nation  that  supports  it.  He  has  shown  you  the 
tremendous  increase  in  the  money  value  of  crops,  depending  upon 
the  amount  of  rainfall  and  when  it  may  be  beneficial.  The  agricul- 
turist who  is  equipped  with  this  knowledge  can  handle  his  crop  to 
great  advantage.    I  hope  the  paper  may  be  fully  discussed. 

Mr.  Chubch.  I  should  like  to  ask  whether  Prof.  Smith  can  suggest 
any  reason  why  bare  ground  in  January  is  better  for  wheat  than  a 
January  with  snow  on  the  ground. 

Mr.  Smith.  The  idea  seems  to  be  that  the  greater  number  of  days 
that  the  ground  is  bare,  with  freezing  and  thawing  weather,  the  more 
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the  earth  is  settled  around  the  roots  of  the  wheat  plant  and  it  is 
better  able  to  stand  unfavorable  weather  later.  That  is  not  true  of 
February  and  March,  however.  February  and  March  should  have  a 
good  snow  covering,  but  in  January  the  ground  should  be  bare. 

Mr.  Church.  If  you  get  rains  in  the  autunm,  will  not  the  same 
effect  be  produced? 

Mr.  Smith.  Yes,  I  think  that  is  true;  although  I  never  tried  to 
separate  that  factor  of  dry  weather  in  the  fall  from  the  weather  in 
January. 

Mr.  Church.  The  old  farmers  considered  that  the  thawing  had  a 
tendency  to  loosen  the  roots. 

Mr.  Smith.  That  is  true  in  March  and  February,  but  it  does  not 
seem  to  be  true  in  January. 

Mr.  VooRHEES.  You  speak  of  the  total  amount  of  temperature  to 
bring  the  crop  to  maturity.  I  have  done  a  little  work  along  that 
line,  and  it  seems  to  me  that  when  you  make  a  correlation  between 
temperature  and  the  length  of  time  it  takes  a  crop  to  mature — i.  e.,^ 
the  cumulative  temperature — ^you  have  got  your  time  on  both  sides, 
and  you  are  bound  to  get  a  plus  correlation,  while  if  you  take  the 
mean  temperature,  so  as  to  eliminate  the  number  of  days  on  one  side, 
you  may  get  a  minus  correlation. 

Mr.  Smith.  I  never  thought  there  was  much  difference  between 
taking  the  cumulative  temperature  and  the  mean  temperature.  In 
the  npi^ork  at  Wauseon  the  accumulated  temperature  with  potatoes 
shows  a  minus  correlation. 

Mr.  VooRHEES.  I  worked  some  with  soy  beans  and  some  with  com. 

Mr.  Smtth.  I  have  taken  the  cumulative  temperatures  above  43° ; 
that  is,  I  have  considered  43*^  to  be  the  temperature  above  which  we 
get  an  effective  heat. 

Mr.  Frankenfield.  I  am  much  interested  in  the  chart  showing  the 
snowfall  and  the  wheat  yield.  If  I  remember  correctly,  on  one  of 
the  other  charts  you  determined  that  a  wet  March  was  necessary  for 
a  good  wheat  yield.    Is  that  true? 

Mr.  Smith.  I  do  not  think  it  is  a  wet  March  so  much  as  it  is  the 
high  temperature  in  March.  The  rainfall  has  no  relation  whatever 
for  the  month  of  March,  but  the  temperature  should  be  high,  and  the 
snowfall  is  detrimental. 

Mr.  Frankenfield.  The  temperature  being  high,  you  will  have  no 
snow. 

Mr.  Smtth.  It  may  be  so.  It  remains,  then,  to  answer  the  question 
as  to  the  correlation  of  temperature  to  snowfall,  which  I  have  not 
done. 

Mr.  Frankenfield.  One  other  point.  According  to  my  interpreta- 
tion of  the  comparative  curves  of  precipitation  and  com  for  the- 
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month  of  July  where  your  curves  do  not  agree,  may  it  not  be  due  to 
a  deficiency  or  excess  in  the  month  of  June  or  at  the  corn-planting 
time?  For  instance,  if  you  have  a  very  favorable  precipitation  for 
June,  may  not  that  serve  to  correct  some  part  of  the  curve  for  July! 

Mr.  SMrrH.  The  correlation  table  does  not  show  that.  And  then  I 
have  found  this:  If  July  were  going  to  be  dry,  Jime  ought  to  be  dry. 
If  June  is  wet  the  com  will  root  close  to  the  surface  of  the  ground, 
and  then  when  July  comes,  if  it  is  dry,  the  crop  will  dry  out  quickly; 
whereas  if  you  have  moisture  enough  to  start  your  com,  then  if 
June  is  comparatively  dry,  the  roots  of  the  com  will  work  down  and 
be  able  to  stand  a  bad  drought  in  July.  I  do  not  think  there  is  any 
question  at  all  about  that.  July  and  August  seem  to  work  together 
with  regard  to  com,  but  you  can  pretty  nearly  eliminate  June  in  the 
great  com  States  in  the  central  part  of  the  United  States. 

Mr.  VooRHEES.  I  have  made  a  chart  similar  to  that  for  Tennessee, 
for  com  and  rainfall,  and  in  nearly  every  case  where  a  dry  July  did 
not  give  a  good  crop  it  was  because  we  had  a  wet  June.  If  it  is  wet 
in  June  the  com  is  in  no  shape  to  do  any  good  in  July  if  July  is  dry. 

The  Chairman.  If  there  is  no  further  discussion  I  think  we  will 
not  attempt  to  hear  any  more  papers  this  afternoon,  as  the  hour  is 
rather  late  and  many  of  you  no  doubt  have  other  engagements  which 
jrou  would  like  to  keep.  Unless  there  is  some  question  to  come  up,  I 
will  declare  this  meeting  adjourned. 


SESSION  OF  SUBSECTION  A  OF  SECTION  II. 

Cabneoie  Institution, 
Wednesday  morning^  December  £S,  1916. 

Chairman,  Bobert  S.  Woodward. 

The  session  was  called  to  order  at  9.80  o'clock  by  the  chairman. 

The  Chairman.  The  director  of  the  Astronomical  Observatory  of 
C6rdoba,  Argentina,  Mr.  C.  D.  Perrine,  will  present  the  first  paper 
of  this  session,  the  title  being  ^  Some  indications  of  spiral  motion  in 
our  stellar  system.'' 

80MB  INDICATIONS  OF  SPIRAL  MOTION  IN  OUR  STELLAR 

SYSTEBft. 

By  C.  D.  PERRINB. 
Director  Observatorio  NacUmal  Argentine,  Cdrdoha,  Argentina. 

Several  peculiarities  in  the  motions  of  tlie  stars,  derived  botli  from  radial 
velocities  and  proper  motions,  have  recently  been  found  which  appear  to  have  a 
hearing  on  the  general  motions  and  structure  of  our  stellar  system.  The  inves- 
tigations leading  to  some  of  these  conclusions  are  only  of  a  preliminary  nature 
and  require  further  confirmation.  They  appear,  however,  to  be  of  sufficient 
weight  to  Justify  further  consideration. 

A  peculiar  asymmetry  in  the  proper  motions  of  the  class  B  stars  led  to  the 
determination  of  the  solar  apex  from  northern  and  southern  stars  separately. 
The  resulting  positions  differed  widely  in  right^oscension  and  showed  consider- 
able evidence  of  being  consistent  The  declinations  differed  also,  but  are  not 
very  reliable. 

These  differences  in  the  positions  of  the  apes  derived  from  the  northern 
and  southern  stars  separately  are  such  as  to  cause  them  to  lie  in  general  along 
the  Milky  Way  and  are  similar  to  those  found  by  many  investigators  from 
proper  motions  of  various  classes  of  stars,  particularly  from  northern  stars. 

In  order  to  obtain  further  information,  the  position  of  the  solar  apex  was 
determined  from  the  radial  velocities  of  the  same  stars,  from  the  northern  and 
southern  stars  separately.  These  positions  differed  from  each  other  about  as 
much  as  did  those  from  the  proper  motions,  but  the  right  ascensions  changed 
places  approximately  with  those  derived  from  proper  motions — L  e.,  the  posi- 
tion derived  from  the  northern  radial  velocities  was  close  to  that  from  the 
southern  proper  motions  and  vice  versa. 

As  the  radial  velocities  which  are  most  effective  in  determining  the  positions  of 
the  apex  are  those  near  the  apices,  while  the  proper  motions  which  have  most 
•effect  are  those  nearly  at  right  angles  to  the  apices,  the  conclusion  is  indicated 
that  systematic  differences  in  the  motions  in  these  different  regions  have 
<!au8ed  the  differences  in  the  positions  of  the  solar  apex.  These  results  from 
the  class  B  stars  are  believed  to  be  of  ooasidernble  weight  on  account  of  the 
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apparent  honiojreiielty  in  many  ways  of  these  stars.  They  have  very  small 
proper  motions  Indicating  uniformly  great  distances;  they  have  small  inherent 
velocities  and  a  close  affinity  for  the  milky  way. 

The  radial  velocities  of  the  spectral  classes  A,  F,  and  G  and  the  stars 
brighter  than  3rd  magnitude  have  been  examined  also.  The  conditions  are  less 
certain  among  these  stars,  esi)ecially  the  F  and  6  stars,  chiefly  on  account  of 
their  much  larger  radial  velocities.  Something  similar  appears  to  exist  among 
them,  although  the  peculiarities  observad  are  not  yet  sufficiently  understood. 

One  peculiarity  stands  out  In  all  of  them,  that  the  right  ascension  of  the  apex 
from  radial  velocities  of  all  of  the  northern  stars  is  at  least  10*  to  12'  smaller 
tlian  the  strongest  values  derived  from  all  stars,  both  from  radial  velocities 
and  proper  motions.  This  Is  very  consistent  in  all  of  the  groups  and  Is  believed 
to  be  real. 

The  southern  groups  are  not  so  regular  in  Indicating  the  position  of  the 
apex.  The  B,  F,  and  G  stars  give  much  larger  right  ascensions,  while  the  stars 
of  2.9  and  brighter  and  the  A  stars  give  right  ascensions  agreeing  well  with  that 
from  the  northern  stars. 

It  is  to  be  noted  that  these  positions  point  strongly  to  two  well  marked  and 
distinct  regions  rather  than  to  the  entire  region  between  these  limits. 

From  the  radial  velocities  were  obtfilned  the  velocities  of  the  solar  motion 
from  the  northern  and  southern  stars  separately.  These  dllter  considerably  In 
the  class  B  and  bright  stars,  the  value  from  the  northern  stars  being  much  less 
than  from  the  southern  stars.  The  A  t^'pc  stars  show  a  slight  contrary  differ- 
ence, and  the  F  and  G  stars  together  a  large  contrary  difference. 

Tablb  I. — Class  B,  S,0  and  fainter — Position  of  solar  apew,  from  proper  motions,^ 
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>  The  numerical  results  given  In  this  and  the  following  tables  were  derived  from  least- 
square  solutions  of  the  data  arranged  according  to  re^ons.  The  sky  was  divided  for 
convenience  Into  72  regions,  each  2^  in  right  ascension  by  80*  in  declination,  coramencinK 
at  0^  and  the  equator.  The  right  ascensions,  declinations,  observed  radial  velocities  and 
proper  motions  were  then  arranged  according  to  these  regions,  the  means  taken,  and 
from  that  point  treated  as  one  obftervation.  Single  observations  were  combined.  If  pos- 
sible, with  neighboring  reglonii,  or  if  greatly  isolated  were  rejected.  In  high  declinations, 
small  groups  were  combined  if  possible,  if  they  all  were  within  an  area  reasonably  near 
the  size  of  the  adopted  equatorial  region.  There  are  few  of  such  combined  areas.  In- 
herent velocities  of  30  k.  and  over  in  class  A  and  40  k.  and  over  in  classes  F  and  O 
were  rejected.  In  the  solutions  where  the  regions  about  the  ellipsoidal  axes  were  treated 
separately,  the  above  system  was  followed  as  closely  as  possible. 

Table  II. — 9.0  and  fainter — Solar  apex  from  radial  velocities. 


(lass  B: 

A 11  stars , 

Omitting  stars  within  40*  of  ellipsoid  apices 

Class  A: 

All  stars 

Omlttine  stars  within  40*  of  plllpsrkl  apices 

Orrittlng  stars  within  40*  of  ellipsoid  apices  (omit- 

tlnp  2  abnormal  rroiips) 

Classes  F  and  O,  galiictic 


A. 


285.2 
2S4.2 


200.2 
202.0 


257.4 
201.0 


+23.8 
+24.3 

+  18.4 
+2L2 

+21.2 
+19.7 


V0. 


Km. 
-19.70 
-19.98 

-19.78 
-19.02 

-15.97 
-10.05 


K. 


Km. 
+4.4 

+4.3 

ao 
-as 

-ao 

-L2 


Number 
of  stars. 


193 
129 


1^1 
143 


138 
102 
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Table  III. — Velocity  and  poHtion  of  nolar  apex  from  radial  velocities. 


North. 

South. 

A. 

D. 

• 

V0. 

K. 

A. 

• 
266.9 
257.9 
288.7 
287.7 
262.6 
282.4 
260.8 
256.2 
258.3 
280.4 
274.2 

D. 

• 
+80.2 
+39.9 
+14.7 
+30.8 
+  0.2 
+13.5 
-22.2 
-17.4 
+11.7 
+35.2 
+13.8 

V0. 

K. 

AO  speoMI  olanes  2.9  and  brighter... 

floniP   nmiftinff  K 

• 
246.9 
251.3 
246.9 
253.9 
265.0 
266.9 
266.8 
259.9 
260.8 
254.4 
264.8 

• 
+  6.9 
+43.6 
+16.0 
+26.6 
+38.0 
+23.9 
+34.8 
+17.0 
+21.6 
+28.6 
+22.0 

Km. 
-10.8 
-14.4 
-24.8 
-17.0 
-23.0 
-19.6 
-16.6 
-17.2 
-17.8 
-22.9 
-2L6 

Km. 
-6.7 

"+9.'6' 

"+i'8* 
**'*6.*6* 

-0.9 

"+i.'i* 

Km. 
-2L4 
-24.5 
-20.6 
-24.8 
-19.7 
-20.2 
-21.5 
-16.0 
-1ft.  0 
-14.6 
-12.0 

+3.4 

B.  siand  fohiter 

+6.*6 

Amwo  fMmtt^tng  K 

A.  SXiandfointer 

+i*9 

*»m«,Am«ttlnFK 

A.  OmUUng  efiteflold  vertices 

Bame,  omitting  2  large  valaes 

Omitting  K  and  2  large  TElueg 

F  aiui  0  galactfc 

+8.3 
+6.4 

*'-4.'i 

«MMi,  omHting  K 

lu  his  determination  of  the  solar  velocity  Campbell  finds  ^  that  the  spectral 
<'lasses  A,  F,  and  O  give  consistently  smaller  values  than  do  the  others. 

My  own  work  confirms  his  results  in  this  respect 

An  examination  of  the  residual  velocities  of  the  fainter  F  and  G  stars,  by 
regions,  shows  when  cleared  of  the  solar  motion  toward  18*, +30*,  velocity  19.6 
km.  some  peculiar  tendencies  to  minor  streaming,  an  excess  of  positive  veloci- 
ties in  the  northern  sky  and  of  negative  velocities  in  the  southern  sky.  Much 
of  this  latter  peculiarity  Is  probably  due  to  the  different  value  of  the  solar 
motion  shown  by  these  stars.  Corrected  for  a  solar  motion  of  16  or  17  k.  most 
of  this  difference  would  probably  disappear.  All  of  the  streaming  tendency 
would  hardly  be  removed,  however.  Furthermore,  there  appears  to  be  a 
tendency  In  these  stars  for  the  largest  positive  residuals  to  be  associated  with 
the  vertices  of  stream  II  and  of  the  negative  residuals  with  the  vertices  of 
stream  I. 

I  have  recently  shown  that  the  stars  of  all  of  the  spectral  classes  with  the 
«xception  of  B  have  a  preferential  motion  presumed  to  be  toward  7*,+64'*  (the 
vertex  of  stream  II).  This  vertex  may  be  different  for  different  tyi>es  or  dis- 
tances. There  has  been  no  opi)ortunlty  to  further  Investigate  these  points  as 
yet,  nor  has  it  seemed  desirable  until  other  peculiarities  were  somewhat  better 
understood.  The  classes  A,  F,  and  Q  which  have  the  largest  proper  motions 
and  are  nearest  to  the  Sun  appear  to  have  the  largest  value  of  this  prefer- 
ential motion. 

Charller  has  recently  determined  from  the  proi)er  motions  of  Boss's  P.  G.  G. 
what  he  considers  to  be  a  direct  motion  of  the  invariable  plane  of  the  solar 
system  upon  the  plane  of  the  Milky  Way.  Without  knowledge  of  Charller's 
work  I  found  the  asymmetry  In  the  proper  motions  of  the  class  B  stars  already 
mentioned  and  Indications  of  a  similar  condition  In  the  stars  of  Boss's  P.  G.  C. 

Interpreted  as  a  direct  motion  of  tlie  invariable  plane,  the  value  given  by 
the  class  B  stars  is  at  least  three  times  that  found  by  Charller.  It  is  to  be 
noted  that  the  class  B  stars  used  by  me  (200±)  are  all  in  the  P.  G.  C,  and, 
therefore,  that  these  have  had  their  part  in  forming  the  smaller  value  found 
by  Charller.  It  is  also  to  be  noted  that  the  class  B  stars  are  undoubtedly  very 
much  farther  away  from  the  Sun  than  the  average  of  the  stars  in  the  P.  G.  C. 

If  the  values  from  the  B  stars  were  any  less  consistent  It  would  be  thought 
that  the  difference  between  that  and  Charller's  value  might  be  purely  acci- 
dental.   As  It  Is,  however,  the  presumption  Is  strong  that  It  Is  real. 

If  the  motion  Indicated  is  In  reality  a  motion  of  the  invariable  piano,  the 
ungnlar  value  derived  from  all  classes  and  distances  of  stars  should  be  the 
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same.  If,  however,  the  wide  differences  in  the  values  found  are  real  then  the 
explanation  seems  to  be  required  that  at  least  a  part  is  a  real  motion  of  the 
stars  in  a  retrograde  direction,  this  motion  being  variable. 

There  appears  to  be,  a  priori,  reason  to  expect  some  kind  of  motion  of  the 
invariable  plane  also. 

It  may  be  noted  that  the  Sun  also  appears  to  be  moving  in  a  retrograde 
direction  nearly  in  the  plane  of  the  Milky  Way. 

The  evidence  from  the  radial  velocities  tends  to  confirm  this  conclusioa 
regarding  the  retrograde  motion  of  the  stellar  system  and  appears  to  be  re- 
liable. 

We  may  sum  up  the  principal  conclusions  which  appear  to  bear  on  the  ques- 
tion, recognizing  that  they  are  only  tentative,  as  follows: 

(A)  That  there  is  a  motion  of  rotation  (or  a  tangential  component)  of 
the  stars  in  the  plane  of  the  milky  way  in  a  retrograde  direction. 

(B)  That  this  motion  is  variable,  being  greater  probably  for  the  more  distant 
stars. 

(G)  That  the  solar  velocity  derived  from  the  stars  nearest  to  the  sun  in 
both  spectral  type  and  distance  is  smaller  than  for  the  other  classes  which, 
are  in  general  at  greater  distances. 

(D)  That  the  positions  of  the  solar  apex  derived  separately  from  the 
northern  and  southern  stars  indicate  that  for  some,  at  least,  of  the  classes,  the 
stars  in  these  regions  aie  affected  by  different  preferential  motions.  These 
differences  of  position  of  the  apex  may  be  connected  also  with  the  larger 
differences  in  the  solar  velocity  derived  from  these  regions  separately  and  with 
the  general  distance  of  the  scars  from  the  sun — the  stars  which  are  nearest 
showing  in  general  smaller  deviations  of  both  apex  and  solar  velocity. 

(E)  That  the  preferential  cross  motion  (toward  7^,+64*')  appears  to  be 
greatest  for  the  stars  which  are  nearest  in  general  to  the  sun  and  aero  for 
the  earliest  and  most  distant  type. 

(F)  Marked  anomalies  are  shown  in  the  cases  where  a  K  term  was  intro- 
duced into  the  solutions  from  north  and  south  stars  separately.  The  valuea 
derived  are  apparently  systematic  with  respect  to  the  north  and  south  regions^ 
the  class  of  stars,  and  the  resulting  values  of  the  solar  velocity.  This  would 
seem  to  point  to  some  motion  or  effect  which  is  not  sufficiently  represented* 
On  the  other  hand,  the  introduction  of  such  a  term  in  some  of  the  classes  leads 
to  values  of  the  declination  which  seem  unreaL  It  may  be  said,  however,, 
that  the  conditions  are  unfavorable  to  the  determination  of  declination. 

(0)  The  doubt  that  the  K  term  is  really  a  constant  If  it  is  simply  unrepre- 
sented motion,  it  becomes  very  significant  as  indicating  the  probable  excess 
of  outward  over  inward  motion  in  our  stellar  system. 

(H)  Charts  of  the  high  velocities  in  most  of  the  classes  show  an  undoubted 
connection  of  some  of  these  with  the  regions  around  the  vertices  of  stream 
I  (6N— 15"*).  There  is  also  a  marked  grouping  in  the  regions  around  the  two- 
vertices  which  may  correspond  to  stream  II,  but  api)ears  to  be  between  the 
vertices  of  stream  II  and  the  ellipsoidal  vertices.  They  seem  to  be  farther 
north  tliun  the  ellopsoldal  vertex  at  <J*,+15'*. 

(1)  The  motion  of  the  sun  itself  appears  to  be  in  a  retrograde  direction  and 
to  agree  In  general  with  the  motion  of  an  hypothetical  spiral  arm. 

A  number  of  other  observed  peculiarities  and  possible  relations  have  suggested 
themselves,  but  as  they  do  not  seem  to  have  any  particular  bearing  at  the 
present  time  tliey  are  omitted. 

Although  all  of  the  above  conditions  are  far  from  being  confirmed,  there 
appears  to  be  enough  probability  to  Justify  considering  briefly  their  bearing  on 
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the  general  motions  and  structure  of  our  stellar  system,  with  the  view  of  finding 
a  working  hypothesis  for  subsequent  investigations. 

It  may  be  necessary  to  modify  somewhat  the  conclusion  that  the  general 
motion  is  outward,  for  there  are  some  appearances  which  seem  best  explained 
by  both  incoming  and  outgoing  motions. 

A  general  inspection  of  the  conditions  seems  to  negative  the  possibility  of 
either  simple  rectilinear  stream  motions  or  purely  rotary  motion  satisfying 
them. 

The  conclusions  have  been  reached  by  other  investigators  in  regard  to  the 
two-stream  and  ellipsoidal  theories  that  the  motions  are  not  parallel  motions^ 
but  preferences  only  for  particular  directions.  This  seems  to  be  sufficiently  con- 
firmed by  the  numerical  results  which  have  been  obtained  both  from  the  radial 
Telocities  and  proper  motions,  when  we  consider  simply  the  amount  of  motion 
Irrespective  of  dh*ection. 

There  is,  however,  strong  evidence  that  the  stars  of  the  early  and  late 
spectral  types  have  a  relative  motion  in  the  general  direction  of  the  sun's 
motion  of  5  km.  or  6  km.  and  practically  conclusive  evidence  that  all  of  the- 
types  except  B  have  a  preferential  motion  nearly  at  right  angles  to  the  direction 
of  the  sun*s  motion. 

It  seems  not  unreasonable  to  suppose  that  these  preferential  motions  may  be 
simply  components  of  some  more  general  motion.  This  view  is  strengthened* 
I  think,  by  the  evidence  of  both  a  general  outward  motion  and  a  motion  of 
rotation.  Should  both  these  latter  conditions  be  confirmed,  we  are  led  almost 
Immediately  to  some  form  of  spiral  motion. 

One  of  the  very  important  points  and  perhaps  a  crucial  test  of  any  hypothesis 
is  the  tendency  in  practically  all  regions  of  the  sky  for  stars  to  have  com- 
ponents of  motion  both  toward  and  away  from  the  sun.  This  appears  to  be- 
nearly  if  not  entirely  as  true  of  the  high  as  of  the  low  velocities.  It  is  not 
difiicult  to  imagine  conditions  and  a  position  of  the  sun  which  would  give  such 
an  effect  if  the  system  were  a  spiral.  Whether  or  not  the  actual  conditions 
will  fit  remains  to  be  seen. 

From  the  uniformity  of  the  spiral  nebulse  in  this  respect  we  necessarily 
start  with  the  assumption  of  two  branches. 

The  appearance  of  the  milky  way  and  the  examination  of  the  class  B  star» 
Indicate  that  the  sun  is  rather  nearer  the  center  than  the  edge  of  the  system. 

The  evidences  of  the  rotational  motion  indicate  also  that  the  axis  of  the 
system  is  on  the  side  toward  12^  of  right  ascension,  probably  in  the  great 
Sagittarius-Ophiuchus  region  of  the  milky  way. 

As  has  been  found  necessary  in  the  explanations  of  the  two-stream  and 
ellipsoidal  hypotheses.  It  seems  also  necessary  in  the  present  instance  to  assume 
that  the  individual  stars  are  moving  In  nearly  all  directions  with  a  considerable 
range  of  velocities,  but  with  tendencies  to  two  particular  directions.  This 
seems  not  to  be  incompatible  with  spiral  motion  so  far  at  least  as  the  galactic 
plane  is  concerned,  but  rather  what  we  should  expect 

If  we  examine  a  photograph  of  the  great  Canes  Venatld  spiral  we  find  the 
bright  inner  portions  of  the  two  whorls  forming  an  oblong  figure  not  unlike  the 
ellipsoid  assumed  by  Schwarzschlld.  Even  more  closely  the  axes  of  the  figure 
formed  by  the  bright  inner  portion  of  one  arm  of  the  spiral  appear  to  approach 
the  ratios  found  for  streams  I  and  II  and  of  the  axes  of  the  ellipsoid  of  our 
system. 

An  examination  shows  that  the  ellipsoidal  apex  lies  on  a  great  circle  connect- 
ing the  vertices  of  streams  I  and  II  and  nearer  to  stream  I.  It  seems  to  me  not 
improbable  that  the  ellipsoidal  hypothesis  will  ultimately  be  found  to  be  Id» 
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effect  a  compounding  of  the  motions  of  streams  I  and  II,  or  that  the  ellipsoidal 
axis  has  a  real  connection  with  the  principai  axis  of  both  arms  of  a  spiral. 

As  a  first  approximation  we  might  assume  that  in  our  system  stream  I 
represents  the  motions  along  the  longer  axis  of  the  arms  and  stream  II  the 
motions  nearer  the  central  region  which  would  probably  be  nearly  at  right 
angles  to  the  direction  of  stream  I. 

A  general  consideration  of  the  conditions,  particularly  the  relations  both  in 
spectral  type  and  distance  of  the  nearer  classes  to  the  more  distant  ones 
from  the  sun,  would  seem  to  indicate  that  in  the  classes  A,  F,  and  G  we  may 
be  dealing  chiefly  with  stars  belonging  to  only  one  arm  of  the  spiraL 

Ehiborating  this  hypothesis  further,  after  leaving  the  central  region  this 
arm  moves  outward  and  at  the  general  position  of  the  sun  and  classes  A,  F, 
and  O  the  motion  is  largely  toward  the  region  7", +64*.  Toward  the  end  of  the 
series,  types  K  and  M,  the  motion  of  the  stream  turns  and  agrees  more  nearly 
with  the  general  direction  of  the  sun's  motion. 

The  suspicion  exists  that  distance  may  be  the  chief  factor  and  that  the  above 
conclusions  regarding  the  spectral  classes  may  be  largely  incidentaL  This  point 
has  not  been  testeil. 

Beyond  the  merest  outlines  of  a  spiral  form  it  hardly  seems  advisable  to  ven- 
ture at  the  present  time,  as  we  have  too  few  facts  sufficiently  assured.  Even 
the  form  suggested  Is  tentative. 

If  some  such  arrangement  as  this  is  the  true  one,  stars  of  different  classes 
and  different  distances  would  probably  have  motions  toward  points  differing 
from  the  above,  perhaps  progressively. 

It  would  seem  also  that  the  stars  which  show  the  greatest  motiou  along 
stream  II  should  show  little  or  no  motion  of  "rotation,"  while  the  reverse 
should  be  true  for  the  stars  with  little  or  no  preferential  motion  along 
stream  II. 

There  are  many  important  points  yet  to  be  investigated,  for  example  the 
cause  of  the  differences  in  the  directions  of  the  apices  from  the  different  regions 
in  the  class  B  stars  from  radial  velocities  and  proper  motions;  similar  in- 
vestigatioiiK  of  the  other  spectral  classes  and  the  bearing  of  the  later  types  on 
nearly  nil  of  these  questions.  Many  of  these  points  are  to  be  investigated  with 
respect  to  the  distances  or  proper  motions. 

There  are  also  other  possibly  significant  indications,  as,  for  example,  the 
strong  preference  of  the  class  B  stars  for  the  southern  sky ;  the  apparent  pref- 
erence of  the  later  type  stars  for  the  hemisphere  of  the  antapex  of  solar  motion  * 
as  against  the  general  equality  for  the  middle  types,  etc. 

At  this  point  several  questions  arise  which  are  of  great  interest,  but  for 
definite  answers  to  which  there  appears  to  be,  unfortunately,  not  much  infor- 
mation. For  example,  this  criterion  would  indicate  a  wide  gulf  between  the 
class  B  and  class  A  stars,  class  B  stars  being  at  great  distances,  nearly  at  the 
confines  of  the  system,  whereas  the  A  stars  would  appear  to  have  started  life 
(at  least  the  bright  ones  which  have  been  investigated)  near  the  center  of  the 
system.  This  may  not  in  reality  be  so  violent  an  assumption  as  it  appears 
from  the  point  of  view  of  spectral  order  only,  because  the  proper  motions  of 
these  A  stars  indicate  witli  certainty  a  great  difference  in  average  distance, 
much  greater  average  nearness  than  the  class  R  stars,  and  a  well-developed 
motion  in  the  direction  of  7^^-64'*  (stream  II),  whereas  the  B  stars  show 
either  none  of  this  preferential  motion  or  a  very  small  motion  in  the  opposite 
direction.    Whether  such  differences  may  be  explained  by  a  more  rigorous  ap- 

>  It  teems  more  probable  that  these  peculiarities  are  really  related  to  stream  I  or  the 
ellipsoidal  axis.  The  present  dassiflcation  of  the  data  only  refers  it,  however,  to  the 
axlR  of  nolar  motion. 
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plication  of  spiral  or  stream  motion  Is  not  clear  at  present  and  difficult  to  test 

Then,  too,  there  Is  the  progressive  Increase  of  Inherent  velocity  from  B  to 
the  later  types,  through  A,  which  seems  to  link  all  together  Into  one  system. 
Whether  the  magnitude-velocity  equation  will  account  for  a  sufficient  part  to 
satisfy  the  above  difficulty  may  be  doubted. 

The  relatively  small  amount  of  data  makes  It  Impossible  at  present  to 
properly  Investigate  a  number  of  Involved  questions.  Including  the  tendency 
to  motion  In  both  directions. 

Whether  the  distance  gap  can  be  bridged  by  such  an  explanation  as  the 
formation  of  different  groups  of  such  nearly  merging  spectral  types  In  widely 
separated  regions  as  appear  to  be  indicated  In  this  case,  remains  to  be  seen. 
There  seems  to  be  nothing  inherently  impossible,  however,  in  the  idea. 

In  fact,  may  It  not  be  possible  that.  Instead  of  our  system  being  a  single 
evolutionary  process  so  far  as  the  spectral  ages  of  the  stars  are  concerned, 
our  actual  system  has  In  reality  several  groups  formed  in  widely  different 
regions  and  perhaps  at  different  epochs?  Such  an  explanation  might  assist  In 
resolving  other  difficulties  also. 

The  conclusions  of  this  Investigation  may  be  summed  up  as  follows : 

I.  That  peculiarities  in  both  the  proper  motions  and  radial  velocities  lead  to 
the  tentative  conclusion  that  the  system  of  the  stars  has  a  motion  in  the  plane 
of  the  Milky  Way  in  a  retrograde  direction. 

II.  That  If  the  constant-error  term  which  has  been  found  In  the  solution  for 
the  sun*s  motion  from  radial  velocities,  concerning  the  nature  of  which  there  Ls 
a  doubt,  is  in  reality  motion  of  some  Idnd,  It  seems  probable  that  the  more 
distant  classes  of  stars  have  a  general  motion  away  from  the  sun. 

III.  That  strong  indications  have  been  found  in  the  northern  and  southern 
stars  separately  of  some  classes  of  tendencies  to  give  positions  of  the  solar  apex 
differing  systematically  from  the  strongest  values  derived  both  from  proper 
motions  and  radial  velocities. 

lY.  It  Is  believed  that  these  conditions,  if  confirmed,  taken  in  conjunction 
with  the  preferential  motion  of  many  of  the  stars  toward  7*,  +64*  and  the  sun's 
own  motion  are  best  explained  by  some  form  of  spiral  motion.  A  not  unnatural 
conception  of  the  two-stream  and  ellipsoidal  hypotheses  seems  to  harmonize 
with  spiral  motion  also. 

It  Is  hardly  necessary  to  say  that  this  paper  is  not  an  attempt  to  formulate 
a  complete  theory,  but  merely  alms  to  point  out  some  conditions  and  the 
merest  outlines,  which  it  Is  hoped  may  serve  as  a  basis  for  further  investiga- 
tion In  this  most  Important  field.  The  suggestion  of  spiral  motion  Is  not  by 
any  means  new,  but  I  am  not  aware  that  the  above  evidence  has  been  presented 
before. 

The  Chaibman.  Thankmg  our  colleague  Seares  for  reading  this 
paper  to  you  and  presenting  it  for  the  author,  who  is  not  here,  I  will 
now  state  that  the  subject  is  open  for  discussion. 

Mr.  EicHELBERGER.  Did  I  understand  correctly  that  the  difference 
between  2  o'clock  corrections,  12  hours  apart,  is  0.08  of  a  second? 

Mr.  Seares.  That  is  my  impression,  although  I  should  like  to 
verify  the  point  before  stating  positively. 

Mr.  EicHELBERGER.  And  the  statement  was  made  that  that  was 
entirely  too  large  to  be  accounted  for  by  the  periodic  errors  of  the 
catalogue. 

Mr.  Seabes.  Yes. 

68436— VOL  n— 17 7 


100       PROCEEDINGS  SECOND  PAN  AMEBICAN  8CIEKTIFIC  CONGRESS. 

Mr.  EiCHELBERQER.  Of  course,  as  those  two  groups  were  12  hours 
^part,  I  think  it  is  fair  to  assume  that  one  group  was  taken  in  the 
daylight  and  the  other  in  the  night,  and  there  is  quite  a  decided  cor- 
rection which  must  be  allowed  for  there;  and  while  I  would  be 
willing  to  admit  that  0.08  was  pretty  nearly  beyond  the  limit,  it  is 
altogether  possible  that  you  may  explain  it  by  the  periodic  errors  in 
Newcomb's  catalogue  and  the  difference  between  day  and  night.  I 
have  just  finished  a  long  series  of  observations  on  Newcomb's  cata- 
logue, and  we  have  collected  together  the  corrections  for  the  clock 
stars  in  three-hour  groups;  and  while  I  have  not  the  figures  accu- 
rately in  mind,  I  think  the  differences  between  groups  12  hours  apart 
will  amount  to  three  or  four  hundredths  of  a  second  of  time.  I  am 
just  now  working  on  the  difference  between  our  night  and  daylight 
work,  and  we  get  several  hundredths  of  a  second  there.  So  it  is  alto- 
gether possible  that  those  two  things  might  add  up  and  give  the 
eight  himdredths.  Of  course,  if  they  had  done  the  work  six  months 
later,  similarly,  so  that  the  corrections  would  have  acted  against 
each  other,  the  periodic  correction  having  changed  time,  then  they 
might  have  gotten  the  zero.  We  found  that  out.  We  took  two 
groups  of  stars  12  hours  apart  and  followed  them  continuously  for 
about  a  year  and  three-quarters,  I  think,  so  that  we  got  that  change; 
for  some  portions  of  the  year  the  clock  corrections  would  come  out 
exactly  the  same  for  the  day  and  night  stars.  Six  months  from  then 
there  would  be  five  or  six  hundredths  of  a  second  difference,  half  of 
it  being  due  to  the  catalogue  and  the  other  half  to  the  difference 
between  day  and  night  work. 

Mr.  Seares.  Mr.  Chairman,  I  believe  there  was  a  reference  to  a 
second  series  of  observations  which  confirmed  the  results.  For  the 
moment  I  am  not  certain  as  to  the  period  of  time  separating  the  two. 

Mr.  Bowie.  Mr.  Chairman,  I  do  not  know  very  much  about  this 
astronomical  work  at  observatories,  and  the  effect  of  day  and  night, 
or  the  effect  of  topography  on  such  observations;  but  in  our  geodetic 
work  we  find  that  where  a  line  passes  close  to  some  kinds  of  topog- 
raphy it  has  a  very  decided  effect  on  our  observations.  I  have  noticed 
that  particularly  whenever  we  are  in  a  rolling  country  and  one  of 
our  lines  comes  close  to  a  slope.  We  had  a  very  remarkable  case  in 
Texas,  where  the  line  was  affected  by  as  much  as  six  seconds  of  arc, 
but  the  correction  as  gotten  out  by  the  direction  of  the  arc  was  some- 
thing like  three  or  four-tenths  of  a  second.  The  observations  over 
that  line  from  this  particular  station  were  repeated  on  several  after- 
noons and  nights,  and  it  was  noticed  that  at  the  time  these  were  being 
made  the  wind  was  blowing  rather  briskly  from  this  flat-topped  peak 
across  the  line,  the  line  being  within  20  or  30  feet  of  that  slope.  We 
waited  at  that  station  until  the  wind  veered  and  came  from  the  oppo- 
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site  direction,  from  the  valley  toward  the  slope,  and  then  our  observa- 
tions closed  the  triangle  in  a  very  satisfactory  manner,  within  two 
seconds  or  something  of  that  sort.  And  we  have  noticed  in  a  number 
of  other  cases  that  wherever  a  line  just  grazes  a  hill,  for  instance, 
where  the  axis  of  the  ridge  is  nearly  horizontal,  we  have  no  trouble, 
but  if  that  ridge  is  tilted,  even  at  a  rather  small  angle,  we  are  going 
to  have  trouble.  Evidently  the  layers  of  air  in  the  order  of  density 
are  concentric  with  the  surface  of  the  earth  rather  than  concentric 
with  the  sea-level  surface,  and  under  those  conditions  we  naturally 
get  some  horizontal  refraction  of  course. 

Now,  I  can  imagine  that  at  these  astronomic  stations,  where  the  to- 
pography is  such  that  you  get  prevailing  winds  at  different  times  of 
the  24  hours,  you  may  get  some  errors  as  the  result  of  that.  Say  that 
you  are  near  a  mountain  range — ^you  will  have  the  wind  coming  from 
the  mountains  toward  the  valley  at  night,  and  it  may  be  the  reverse 
in  the  day.  So  it  is  possible  that  that  will  give  you  layers  of  air  that 
tend  to  be  tilted  a  little,  and  you  may  in  consequence  get  some  day 
and  night  systematic  errors.  I  have  no  doubt  that  subject  has  been 
considered  very  thoroughly,  but  I  am  not  familiar  with  the  literature 
of  the  subject. 

Mr.  MiCHELSON.  Mr.  Chairman,  it  seems  to  me  that  the  method  of 
measuring  by  means  of  a  liquid  level,  if  it  is  applicable — I  am  not 
quite  sure  that  it  is— ought  to  get*results  that  are  far  more  accurate 
dian  the  astronomical  measurement&  I  should  like  to  bring  up  one 
further  point,  and  that  is,  is  there  not  some  possibility  that  the  earth 
tides  might  interfere  in  some  degree  with  the  accuracy  of  the  meas- 
urement! Of  course,  in  a  long-continued  series  of  measurements, 
I  can  understand  that  that  might  cancel  out,  but  it  seems  to  me  still 
that  it  is  possible  that  the  observations  could  be  taken  in  such  a  way 
as  to  make  those  errors  noticeable. 

The  Chairman.  My  impression  is  that  Prof.  Michelson  is  quite 
right  in  the  hypothesis  that  the  tidal  effects  may  be  appreciable, 
but  there  are  other  facts  to  be  taken  into  consideration.  In  fact, 
nature  has  set  up  numerous  obstacles  to  precision  in  any  kind  of 
work.  There  is  the  perennial  and  irrepressible  temperature  that  is 
difficult  in  all  work,  and  the  locality  of  every  observatory,  as  well  as 
the  instruments  of  every  observatory,  must  have  their  peculiarities. 
Now,  all  of  these  sources  may  occasionally  give  rise  to  errors  in  the 
results.  Mr.  Bowie  has  stated  some  causes  with  which  I  have  long 
been  familiar.  They  will  quite  frequently  happen  in  primary  tri- 
angulations,  where,  of  coiu^se,  the  opportunities  for  horizontal  refi'ac- 
tion  are  much  greater  than  they  are  in  most  astronomical  work,  and 
in  some  cases  we  will  get  in  the  measurement  of  a  single  angle  an 
error  as  great  as  3  or  4  seconds,  and  perhaps  even  more,  due  to  condi- 
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tions  prevailing  at  the  time  of  the  making  of  the  measurement.  Such 
cases  occur  not  infrequently  when  a  line,  like  a  base  line,  runs  along- 
£dde  of  water  in  which  there  may  be  ice.  so  that  there  may  be  the 
temperature  of  that  melting  ice  on  one  side  of  the  line  and  the  tem- 
perature of  the  land  on  the  other  side,  and  you  may  get  a  very  large 
horizontal  refraction  in  such  a  case.  Such  horizontal  is,  I  think,  by 
no  means  so  formidable  an  obstacle  to  precision  in  astronomical  work, 
or  at  all  events  most  astronomical  work,  because  there  is  very  little 
of  it  done  near  the  horizon;  but  undoubtedly  there  are  errors  of  re- 
fraction induced  in  such  exquisitely  delicate  work  as  tliat  of  the  de- 
terminations of  latitude  in  a  telescope.  Every  station  must  have  its 
peculiarities,  which  will  induce  errors  that  are  not  compatible  with 
the  degree  of  precision  at  present  desirable. 

Mr.  Seares.  a  year  or  so  ago  Dr.  Schlesinger  pointed  out  a  very 
interesting  periodic  variation  of  refraction.  He  has  called  attention 
to  the  fact,  and  demonstrated  by  observations  made  at  different  sta- 
tions, that  there  is  a  periodic  fluctuation  in  the  positions  of  stars. 
The  period  is  small,  of  the  order  of  one  or  two  minutes,  and  the  os- 
cillations as  I  recall  are  of  the  order  of  a  second  of  arc,  which,  of 
course,  are  quantities  quite  appreciable  in  the  modem  work  of  pre- 
cision. 

Mr.  Eichelberger.  Referring  to  Prof.  Michelson's  question,  I 
might  say  that  the  thing  referred  to  in  this  paper  seems  to  have  been 
mostly  a  question  of  azimuth.  In  determining  the  levels  of  the  in- 
struments we  use  either  the  level  or  the  mercury  horizon. 

The  Chairman.  If  there  are  no  further  remarks,  I  will  call  for 
the  presentation  of  two  other  papers  from  members  of  the  staff 
of  the  Cordoba  Observatory.  One  paper  is  by  M.  L.  Zimmer,  and 
the  title  of  it  is  "  Investigation  of  the  pivots  of  the  190  m.  m.  me- 
ridian cii'cle  of  the  Argentine  National  Observatory,  at  Cordoba.'' 
The  other  paper,  "  Stability  of  the  new  Repsold  meridian  circle  of 
the  Cordoba  Observatory,"  is  by  A.  Estelle  Glancy. 


INVESTIGATION  OF  THE  PIVOTS  OF  THE  190  MM.  MERIDIAN 
CIRCLE  OF  THE  ARGENTINE  NATIONAL  OBSERVATORY,  AT 
CORDOBA. 

By  M.  L.  ZIMMER, 
Subdirector  del  Obaei-vatorio  Nacional  Argentino,  Cdrdoha,  Argentina, 

Before  starting  the  series  of  observations  of  a  fundamental  character  of 
Boss's  1,059  stars  south  of  +30**,  contemplated  at  this  observatory,  It  seemed 
advisable  that  the  irregularities  of  the  pivots  of  the  Circle  should  be  determined. 

Knowing  the  uniform  excellence  that  has  heretofore  characterized  the  Rep- 
sold meridian  circle  instruments,  it  was  believed  that  the  errors  would  be 
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nes^igible ;  but  In  order  that  uothiDg  be  left  that  could  in  any  way  detract  from 
the  accuracy  of  the  observations,  the  investigation  was  undertaken.  The  instru- 
ment is  equipped  with  the  necessary  apparatus.  As  the  method  used  in  this 
investigation  is  somewhat  different  to  any  heretofore  employed  (to  my  knowl- 
edge) it  may  be  of  general  interest 

As  is  customary  with  Repsold  Circles,  the  Y's  are  supported  by  large  iron 
drums  that  rest  on  rigid  piers.  These  drums  also  carry  the  four  reading  mi- 
croscopes. In  the  center  of  each  drum  there  is  a  hole  coinciding  with  the  open- 
ing through  the  axis.  In  one  drum  a  small  electric  lamp  is  placed  behind  a 
small  tube  carrying  cross  wires,  which  can  be  seen  through  the  axis.  In  this 
end  of  the  axis  a  special  lens  25  nun.  in  diameter  with  a  free  aperture  of  18 
mm.  is  placed.  This  is  provided  with  adjusting  screws.  In  the  opposite 
drum  a  micrometer  taken  from  one  of  the  reading  microscopes  is  placed  on  a 
tube  provided  for  that  purpose.  We  now  have  a  collimatlng  telescope  formed 
by  the  axis  of  the  Circle  carrying  the  lens  and  the  micrometer  attached  to  the 
rigid  drum,  through  which  can  be  seen  the  cross  wires  when  illuminated  by 
the  small  electric  lamp  placed  back  of  them,  as  stated  above.  By  means  of 
the  adjusting  screws  on  the  lens,  in  the  end  of  the  axis,  it  can  be  so  nicely  ad- 
justed that  the  cross  wires  seem  to  remain  at  rest  while  the  Circle  is  rotating. 
And  such  would  be  the  case  if  It  were  perfectly  adjusted  and  the  pivots  were 
perfectly  cylindrical. 

When  the  apparatus  was  focused,  adjusted,  and  the  cross  wires  illuminated, 
the  circle  was  pointed  to  the  zenith  0**,  the  micrometer  threads  were  made  to 
bisect  the  vertical  wire  in  the  on^osite  drum,  and  the  reading  noted,  precisely 
as  a  circle  microscope  is  read.  The  circle  was  then  turned  15°  toward  the 
south  and  a  similar  reading  made.  Similar  readings  were  made  at  each  15* 
throughout  the  circle. 

The  readings  were  then  repeated  In  reverse  order.  The  micrometer  was 
turned  90°  and  a  similar  set  of  readings  made  on  the  horizontal  wire  which, 
together  with  those  made  on  the  vertical  wire,  formed  series  I.  Eighteen  such 
series  were  made,  equally  divided  between  Messrs.  Ou^rin,  Hawkins,  and  myself. 
The  Circle  was  then  reversed,  the  lens  placed  in  the  end  of  the  opposite  pivot, 
and  a  similar  program  carried  out  After  each  three  complete  series  the  colll- 
mation  of  the  lens  was  slightly  changed  and  the  cross  wires  slightly  shifted 
so  as  to  bring  the  readings  on  a  different  part  of  the  micrometer  screw  in  order 
to  eliminate  any  systematic  errors  which  might  otherwise  be  introduced  on 
account  of  irregularities  in  it 

An  experiment  was  made  to  see  to  what  extent  the  irregularities  of  the 
<^posite  pivot  entered  Into  the  determination  of  the  errors  of  the  one  we  were 
investigating.  When  the  end  of  the  axis  carrying  the  lens  (that  being  the 
pivot  whose  irregularities  were  being  investigated)  was  raised  so  as  to  change 
the  level  of  the  instrument  about  6",  the  horizontal  wire  changed  through  a 
space  equal  to  about  45  divisions  of  the  micrometer;  but  when  the  opposite 
end  was  raised  by  the  same  amount  the  horizontal  wire  scarcely  changed  at 
all,  thus  showing  that  there  could  be  no  irregularities  in  that  pivot  large 
enough  to  affect  the  determination  of  the  irregularities  of  the  one  being  inves- 
tigated unless  they  were  greater  than  G" — an  impossible  hypothesis.  This  also 
gave  a  direct  determination  of  the  value  of  one  division  of  the  micrometer 
screw. 

Series  I  will  illustrate  the  process. 

The  mean  of  the  horizontal  readings  was  taken  and  subtracted  from  the 
readings  made  at  each  15°,  and  the  vertical  readings  made  at  each  15°  sub- 
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tracted  from  their  respective  mean.  Each  horizontal  measure  would  be  rigor- 
ously represented  by  a  sin  f 4-b  cosin  f,  and  each  vertical  measure  by  a  cosiii 
f—b  sin  l;  if  the  pivots  were  truly  cylindrical  and  the  readings  made  without 
error,  where  f  represents  south  zenith  distance.  The  horizontal  and  vertical 
measures  each  give  a  determination  of  a  and  b,  which  ought  to  agree  within 
the  unavoidable  errors  of  measurement  Solving  for  a  and  b  by  the  method  of 
least  squares 

a= — 12.36  from  horizontal  measure. 

a= — 12.52  from  vertical  measure. 

b= +14.27  from  horizontal  masure. 

b= +14.27  from  vertical  measure. 

Taking  the  mean  of  these  valueis  and  substituting  them  in  the  original  equa- 
tions we  get  a  set  of  values  representing  the  Irregularities  of  the  pivot,  those 
from  the  horizontal  measures  being  the  azimuth  component  and  those  from 
the  vertical  measures  being  the  level  component  These  are  expressed  In  seconds 
of  arc  by  multiplying  by  the  value  of  the  screw;  one  division  of  the  screw 
0'M39. 

In  this  series  the  circle  was  clamp  west  and  the  east  or  B  pivot  was  in- 
vestigated. 

Sebies  I — Clamp  west,  pivot  B.    Hawkins  {observer). 
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-  .19 

-  .84 
+  .65 
+  .02 
+  .61 
+  .83 
+  .60 
+  .23 
+  .89 

-  .61 

-  .05 
-1.40 

-  .31 

-  .41 
+  .40 

+€l18 

15 

+  .01 

80 

—  .09 

45 

-  .01 

60 

76 

+  .08 
+  .06 

90 

-  .07 

105 

120 

-  .01 

—  .10 

135 

—  .08 

150 

—  .05 

IftS 

+  .09 

180 

+  .00 

195 

+  .07 

210 

+  .04 

225 

+  .08 

240 

+  .08 

255 

+  .05 

270 

—  .08 

295 

300 

-.01 
—  .10 

315 

—  .04 

830 

—  .06 

845 

+  .05 

34.74 

48.66 

A=— 12.44  sin  f+14.27  cos.  f. 

B=horizimtiil  irreguhirities  of  pivot  B  ezprened  in  seconds  of  aic 

X=— 12.44  COS.  r— 14.27  sin  f. 

Y^Venical  irregularities  of  piToC  B  in  seconds  of  arc 
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The  86  series  were  reduced  in  like  manDer,  and  the  results  are  here  given. 
Plus  indicates  that  the  east  or  B  pivot  points  south  of  east,  and  in  the  other 
component  plus  indicates  that  east  or  B  pivot  is  too  high. 


Level  oompooent  or  D  phrot,  damp  west. 

Zimxner. 

Oo^rln. 

Hawkins. 

Mean. 

Zimmer. 

Oo^rln. 

Hawkins. 

Mean. 

• 

-12 
-08 
-14 
-08 
-MB 
-00 
+  12 
+08 
+  11 
+05 
-00 

iS 

-06 
-05 
-04 
+02 
+02 
+01 
+07 
+13 
+03 
-03 
-01 

-06 
-03 
-07 
-04 
+02 
+01 
+11 
+06 
+04 
+05 
+01 
-03 
-06 
-04 
-05 
-03 
-02 
+04 
+02 
+04 
+09 
+05 
—04 

-08 
-06 
-07 
-05 
+03 
-02 
+08 
+01 
+05 
+01 
-01 
-04 
-09 
-05 
-07 
+03 
+04 
+04 
+07 
+08 
+10 
+04 

-09 
-06 
-00 
-06 
+03 
-00 
+10 
+05 
+07 
+04 
-00 
-02 
-06 
-05 
-06 
-01 
+01 
+03 
+04 
+06 
+  11 
+04 
-04 
-03 

+09 
+05 
-05 
-02 
-01 
-07 
-06 
+02 
-03 
-00 
+02 
+02 
-00 
+04 
-00 
+02 
+04 

iSl 

-04 
-07 
-00 
+06 
+06 

+11 
+07 
-00 
+01 
+01 
-03 
-05 
-00 
-07 
-04 
-C4 
-01 
-00 
+09 
+05 
+02 
+01 
-00 
-02 
-03 
-10 
-06 
+02 
+08 

+09 
+06 
-01 
-00 
+04 
+05 
-06 
-02 
-07 
-04 
-07 
+01 
-01 
+02 
+02 
-01 
+04 
+04 
-04 
+01 
-11 
-01 
+01 
+06 

+10 

15 

+06 

80 

—02 

45 

-00 

eo 

+01 

75 

-oa 

90 

—06 

105 

—00 

120 

—06 

135 

-08 

150 

—08 

165 

+01 

150 

—00 

195 

+05 

So:;:;;;;:::;;;;;;..; 

+02 

225 

+01 

iS  ;;;;;; ::; 

+03 

zS    ; 

+oa 

270.::;;::;;;::::;;;:: 

-M 

285 

-oa 

800 

—09 

815 

—02 

tS::;;;;;;;::;;;;;;:: 

+03 

845 

-04  j         -04 

+05 

Aximuth  oompooeiit  of  A  pivot,  clamp  west. 

Level  component  of  A  pivot,  damp  west. 

Zimmer. 

Oo^rin. 

Hawkins. 

Mean. 

Zimmer. 

Qn^rln. 

Hawkins. 

Mean. 

0 

-00 
-08 
-10 
-07 
-04 
+02 
+07 

+u 

+12 
+  10 
+01 
-04 
-08 
-08 
-06 
-08 
-03 
-01 
+02 
+06 
+05 
+02 
+03 
-00 

-04 
-08 
-08 
-05 
+01 
+05 
+09 
+14 
+  12 
+03 
-05 
-07 
-09 
-06 
-04 
-02 
+01 
+01 
+03 
+06 
+03 
+01 
+02 
-02 

-01 
-10 
-09 
-08 
-00 
+03 
+08 
+13 
+14 
+09 
-01 
-03 
-12 
-05 
-05 
-02 
+01 
+02 
+01 
+02 
+03 
+01 

—02 

-02 
-00 
-09 
-07 
-01 
+08 
+08 
+13 
+13 

—02 
-05 
-10 
-06 
-05 
-02 
-00 
+01 
+02 
+04 
+04 
+01 
+02 
-01 

-05 
+03 
+02 
+06 
+07 
+04 
+06 
-02 
-06 
-05 
-05 
-05 
-02 
+02 
+02 
+01 
-02 
-01 
+02 
+08 
+05 
-01 
-04 
-03 

+07 
+03 

ts 

-00 
-04 
-06 
-06 
-01 
-02 
+02 
+02 
+03 
-00 
-01 
-02 
-00 
-00 
-04 
-02 
-02 
-00 

-00 
+06 
+01 
+00 
+08 
+04 
-00 
-04 
-03 
-05 
-00 
-08 
+02 
-01 
-03 
-02 
-03 
-00 
+02 
+08 
+01 
-00 
-02 
-01 

+01 

15 

+04 

80 

+02 

15 

+08 

eo 

+06 

75 

+08 

90 

+02 

105 

-08 

120 

-05 

135 

-05 

15U 

-02 

165 

-05 

180 

+01 

195 

+01 

210 

+01 

2%.;;;:;::.:...:...:. 

-00 

240k 

-03 

255 

-01 

So::::::;:::::;:.:::. 

+01 

285 

+03 

So;:;:;;::;:;::::::;: 

+01 

815 

.         -01 

«o:;;;;:::::;:;;:;;:: 

—OS 

845 

-01 

Plus  indicates  that  A  or  west  pivot  points  south  of  west,  and  in  the  level 
component  plus  indicates  that  A  or  west  pivot  is  too  high. 

The  p.  e.  of  any  mean  is  ±0".007  and  of  a  single  determination  only  0".035. 

The  results  of  the  two  pivots  liave  been  combined  in  the  form  of  a  table  of 
corrections  to  be  applied  to  transits  for  clamp  west. 
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For  convenience  tbey  have  been  expressed  In  seconds  of  time  at  the  Equator. 


Level  compooent. 

Admuth  compo- 

Level component, 

nent,  damp  west. 

clamp  west. 

nent,  clamp  west. 

clamp  west. 

0 

-005  sin  r  seed. 

+006  cosin  f  see  6. 

180 

+003  sin  r  sec  a. 

-001  co6in  f  sec  a. 

15 

+002 

+001 

195 

+001 

+003 

30 

+000 

-003 

210 

-001 

+001 

45 

-000 

-002 

225 

+001 

+001 

60 

+003 

-003 

240 

+001 

+003 

75 

-002 

-003 

255 

+002 

+002 

00 

+0CO 

-005 

270 

+001 

-003 

105 

-005 

+002 

286 

+002 

-003 

120 

-005 

-001 

300 

+005 

-007 

m 

-003 

+001 

315 

+002 

-001 

150 

+001 

-001 

330 

-003 

+004 

165 

+002 

+004 

345 

-001 

+004 

In  the  azimuth  component  plus  indicates  that  east  pivot  points  south  of  east. 

And  in  the  level  component  plus  indicates  that  same  pivot  is  too  high. 

As  small  as  the  values  are  they  seem  to  be  real,  Judging  from  the  remarkably 
dose  agreement  of  the  determinations  made  by  three  different  observers  under 
widely  varied  conditions.  The  fact  that  each  series  gave  practically  the  same 
results  tends  to  show  the  efficiency  of  the  method  and  the  stability  of  the 
apparatus  and  instrument  under  varying  changes  of  temperature,  etc.  The 
simplicity  of  the  apparatus  and  the  results  obtainable  would  seem  to  recom- 
mend the  method  above  all  others  for  Circles  that  have  a  perforated  axis. 


STABILITY  OF  THE  NEW  REPSOLD  MERIDIAN  CIRCLE  OF  THE 
C6RD0BA  OBSERVATORY. 

By  A.  ESTELLB  GLANCY, 
Observatario  NadaruU  Argentino,  C&rdoba,  Argentina. 

The  geographical  situation  of  the  C6rdoba  Observatory  gave  rise,  sometime 
ago,  to  the  question  of  the  stability  of  the  meridian  circle  and  its  mire  mark 
Mthin  the  limits  demanded  for  fundamental  observations.  It  so  happens  that  the 
instrument  and  mire  mark  stand  within  a  few  hundred  feet  of  the  abrupt  bank 
of  the  old  bed  of  the  River  Prlmero.  It  has  been  stated  that  selsmologlcal 
observations  in  previous  years  gave  evidence  of  a  small  east  and  west  motion 
of  the  ground.  If  this  were  true  to  a  sufficient  amount,  the  instrument  and  mine 
would  have  a  common  motion  in  an  east  and  west  direction  and  the  reading 
of  the  mire  would  give  no  indication  of  the  change  in  instrumental  azimuth. 

To  test  the  stability  of  the  mire  a  series  of  observations  was  made  during  the 
interval  April  28  to  July  19,  1915.  In  addition  to  the  point  in  question,  the 
opportunity  Is  presented  by  the  data  to  touch  upon  all  those  factors  which  de- 
termine the  stability  of  the  instrument  and  mire  and  regularity  of  the  clock. 
The  results  of  these  investigations  are  offered  In  the  hope  that  they  may^e  of 
general  interest  to  those  occupied  in  meridian  circle  work.  \ 

The  program  of  observation  consisted  of  a  semi-fundamental  series  taken 
every  four  or  five  days.  Each  series  comprised  three  groups,  12  hours  apart « 
giving  three  culminations — ^two  upper  and  one  lower,  or  vice  versa — of  ar^ 
azimuth  star  as  near  the  pole  as  possible;  and  tliree  groups  of  three  funda-: 
mental  time  stars,  the  first  and  third  groups  being  the  same  stars  taken  24 
hours  apart.  Level  and  mire  readings  accompanied  the  series.  Sometimes  the 
observations  were  more  extensive  than  the  program;  sometimes  they  were  d^- 
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ficlent    The  total  number  of  the  morning  and  evening  groups  is  64.    The  data 
are  sufficient  to  provide  the  essentials  of  a  fundamental  reduction. 

Omitting  further  details  for  the  sake  of  brevity,  the  results  given  below  ex- 
hibit the  stability  of  the  instrument  and  mire,  the  reliance  which  may  be  placed 
upon  the  clock,  and  indicate  the  degree  of  precision  of  which  the  instrument  is 
capable. 

1.  Collimation. — ^The  collimation  factor  remained  a  constant  during  the  Inter- 
val within  0'.004. 

2.  Level — For  a  period  of  10  days  the  level  factor  is  a  constant  with  an 
average  deviation  of  0*.013  from  the  mean. 

3.  Clock  rate.— The  standard  clock  is  one  of  two  Rieflers,  In  air-tight  cases, 
installed  in  a  constant  temperature  clock  room  constructed  in  the  foundation  of 
the  meridian  circle  building.  During  the  interval  April  29  to  May  5,  the  24-hour 
clock  rate  is  a  constant  within  a  range  of  0*.054.  On  May  7  the  mercury  con- 
tact of  the  thermostat  controlling  the  temperature  in  the  clock  room  was  out 
of  order  long  enough  for  the  temperature  to  fall  3**.5  0.  The  change  In  tem- 
perature produced  small  irregularities  in  the  clock  rate.  Again  on  June  6 
the  thermostat  failed  to  operate,. and  the  temperature  was  lowered  6^5  O. 
This  larger  fall  noticeably  disturbed  the  clock  rate  and  some  20  days  elapsed 
before  the  rate  was  again  uniform.  During  the  period  July  2  to  10  the  range 
in  rate  was  0'.065. 

It  may  be  concluded  that  under  constant  temperature  conditions  the  clock 
rate  may  be  relied  upon  for  a  considerable  Interval ;  that  temperature  changes 
produce  disturbing  irregularities  in  the  rate;  and  the  same  statement  may  be 
made  of  the  other  Riefler,  from  evidence  furnished  by  12-hour  clock  compari- 
sons. 

4.  Clock  correction. — It  follows  from  the  preceding  paragraph  that  the  clock 
correction  can  be  accurately  predicted  from  the  clock  rate,  but  a  curious  and  as 
yet  unexplained  discrepancy  occurs  in  the  comparison  of  the  clock  correction 
deduced  from  evening  stars  and  that  deduced  from  morning  stars.  The  24-hour 
rate  Is  common  to  the  two  groups,  but  the  clock  correction  determined  from 
morning  stars  gives  a  larger  negative  value  than  the  mean  of  the  correctiona. 
from  two  groups  of  evenings  stars — one  12  hours  earlier,  the  other  12  hours 
later.  In  May  the  difference  is  O'.OS;  in  June  it  is  not  so  pronounced;  and 
the  three  series  in  July  scarcely  show  It  In  October,  1914  (a  little  more  than 
six  months),  the  same  discrepancy  appeared  in  my  observations,  and  at  that 
time  the  observations  by  other  observers  confirmed  it  It  may  progress  with 
the  time  or  the  progression  may  be  only  accidental. 

It  is  too  large  a  discrepancy  to  be  ascribed  to  errors  in  the  fundamental 
system  of  stars  (Newcomb)  depending  upon  the  right  ascension,  and  the  rer 
quired  change  of  sign  in  observations  taken  six  months  apart  does  not  occur. 
Both  clocks  show  this  disagreement  The  most  probable  explanation  is  to  be. 
sought  in  local  conditions. 

5.  Instrumental  azimuth. — ^The  azimuth  was  provisionally  determined  from 
upper  and  lower  culminations  of  the  same  star  corrected  for  clock  rate  and 
differential  azimuth  (given  by  the  change  in  mire  readings)  and  reduced  to. 
■the  beginning  of  the  year.  They  were,  therefbre,  independent  of  the  star 
position — a  requirement  more  necessary  in  the  southern  hemisphere  than  in 
the  northern,  owing  to  the  uncertainty  in  the  position  of  the  southern  circum- 
polars.  These  preliminary  values  served  to  determine  provisional  right  ascen- 
sions of  the  azimuth  stars.  Using  these  star  positions,  a  second  approxima- 
tion to  the  azimuth  was  computed  from  each  observation  of  the  azimuth  stars, 
combined  with  the  mean  of  the  corresponding  time  stars.    The  azimuths  of  the. 
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instrument  so  determined  were  plotted  on  coordinate  paper,  and  the  smooth 
curve  passing  through  them  was  accepted  as  the  most  probable  representation 
of  the  instrumental  azimuth. 

The  mean  of  all  determinations  of  the  azimuth  was  adopted  as  the  equiva- 
lent of  the  mean  of  all  the  mire  readings  The  mire  readings  were  then  con- 
verted into  azimuth  and  plotted  on  the  si)  me  scale  as  the  instrumental  azimuth 
determined  from  the  stars.  The  superposition  of  the  two  curves  shows  a  very 
satifactory  agreement.  The  probable  error  of  an  azimuth  determined  from  the 
mire  is  ±0".018  with  respect  to  an  azimuth  determined  from  the  stars — i.  e., 
within  the  uncertainty  of  a  single  observation  the  mire  reading  may  be  taken  in 
substitution  for  an  azimuth  star.  Accepting  a  point  on  the  smooth  curve  as 
the  true  azimuth,  the  probable  error  of  a  single  determination  of  azimuth 
from  a  circumpolar  (R.  A.  known)  and  the  mean  of  thrco  time  stars  is 
±0*.021 ;  tlie  probable  error  of  an  azimuth  read  from  the  mire  is  ±0*.015. 

It  is  therefore  concluded  that  the  stability  of  the  mire  is  assured  within  the 
accuracy  of  obsprvation,  and  that.  In  general,  a  mire  reading  will  give  a 
slightly  better  azimuth  than  a  single  determination  from  the  stars. 

Azimuth  of  the  mire. — In  strong  confirmation  of  the  above  conclusion^ 
we  have  the  determination  of  the  azimuth  of  the  mire.  From  these  observa- 
tions there  comes  out  the  fact  that  the  mire  has  been  remarkably  "fixed.** 
Each  mire  reading,  with  the  corresponding  azimuth  of  the  instrument  deter- 
mined from  the  stars,  furnishes  a  determination  of  the  mire's  true  azimuth. 
Accordingly,  for  each  mire  reading  during  this  period  an  azimuth  was  computed 
and  the  mean  was  taken.  From  this  mean  for  the  interval  the  mean  for  each 
month  was  subtracted,  and  the  differences  are  here  given : 


Month. 

DIffoiw 
enoe. 

Number 
ofob^r- 
vftUoos. 

June... 
July... 

+o!bo5 

+  .001 
+  .006 
-  .011 

S 
21 
22 
13 

Sir  David  Gill  has  called  attention  to  the  remarkable  stability  of  the  mires 
at  the  Cape  Observatory,  and  his  tabulation  is  here  copied  from  the  Observatory, 
February,  1913.  A  comparison  of  the  two  tables  shows  slightly  smaller  differ- 
ences for  the  G6rdoba  observations,  but  it  is  probable  that  a  table  covering  an 
interval  of  a  complete  year  would  give  somewhat  larger  values. 


GfOopL 

DifTerenoe  from  mean 
atimuth  of  the  year. 

North 
mark. 

South 
mark. 

Jan.!  to  Jan.  tl 

1006. 

t. 

+ao2i 

+  .004 
•f  .003 
+  .007 
-.000 

-  .016 

-  .008 

-  .006 

-  .003 
+  .006 

-HLOIT 
+  .004 
+  .007 

i:SS 

Feb.  1  to  Feb.  26 

Feb.  20  to  May  1 "'' 

May  2  to  May  27 

June  5  to  June  30 ''[ 

July  2  to  July  81 

—    007 

Aug.4toAi4.22 ;;.;; 

.  .003 

Sept.  7  to  Oct.  2 

—    006 

ooLttoNov.27 ;:; 

—  .008 

Not.  30  to  Jan.  12 

—    008 
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In  the  article  cited  the  systematic  character  of  these  residuals  is  explained 
as  an  exhibition  of  the  variation  of  latitude.  When  the  latitude  variation  for 
the  current  year  is  available  our  results  will  be  tested. 

It  may  be  of  interest  to  know  that  the  06rdoba  mire  is  of  the  usual  type— 
an  illuminated,  small,  circular  aperture  in  a  metal  plate,  placed  on  a  pier  of 
solid  brick  masonry,  at  a  distance  of  about  130  meters  from  the  instrument 
The  illumination  is  provided  by  an  electric  light  controlled  at  the  telescope. 
The  Cape  Observatory  mhres  are  elaborately  designed  underground  marks. 

The  final  positions  of  the  azimuth  stars  deduced  from  these  observations  are : 


R.  A.  (1015.0). 

Star. 

Odcdote. 

Bobs, 
P.  0.  C. 

Number 
orobser- 
vaUoDS. 

Probabto 
error. 

X034 

h,    M.       f. 

1    42    10.52 
0    00    14.61 
12    40    51.82 
14    13      8.05 

21  53    13.80 

22  15    44.72 

23  15    48.57 

10.27 
14.70 
53.35 
0.17 
12.74 
43.08 
48.38 

7 

16 
11 
8 
5 
4 
16 

t. 

±0. 008  sec  < 

#OctoQtis 

±  .004  sec.  1 

X52b5 

±  .007  sec  S 

♦  0<;tiintifl 

±  .011  sec  1 

A  0160 

db  .006 seel 

«  Oetantis 

db  .OOSsec  1 

T  Octaniit 

±  .oo;i8eo.  1 

For  comparison,  the  positions  from  the  Preliminary  General  Catalogue  by 
Boss  are  added. 

These  determinations  correspond  to  an  average  probable  error  of  ±0*,018 
sec.  d  for  a  single  observation  of  an  azimuth  star. 

The  original  point  under  discussion  may  be  said  to  be  conclusively  settled. 
No  injurious  changes  either  of  mire  or  telescope  are  to  be  traced  to  the  char- 
acter of  tlie  location.  This  fact  is  corroborated  by  the  less  exacting  observa- 
tions made  with  this  circle  during  several  years  and  the  long  series  with  the 
old  125  mm.  instrument.  We  have  established  the  right  to  place  conQdenco  in 
the  mire. 

Further,  considering  the  limitation  to  a  minimum  number  of  stars  and  the 
inexperience  of  the  ol>server  in  meridian  circle  observations,  the  precision  of  the 
results  is  considered  highly  satisfactory.  It  Is  confidently  anticipated  that  the 
program  of  fundamental  observations  which  is  now  in  progress  at  this  observa- 
tory will  yield  results  of  the  highest  accuracy. 

To  Astronomer  Zlmmer,  who  has  had  long  experience  in  meridian  circle 
work,  I  am  indebted  for  his  continued  interest  and  cooperation  in  this  work. 

The  Chairman.  We  thank  Prot  Eichelberger  and  Prof,  Hussey 
for  presenting  these  papers,  which  are  now  open  for  discussion. 
They  open  a  very  larg6  field  of  work.  Much  attention  is  being  given 
to  tiiis  subject  now,  and  probably  our  successors  will  achieve  tri- 
umphs, at  present  undreamed  of,  in  what  years  ago  appeared  to 
some  of  us  to  be  a  hopeless  task — ^i.  e.,  to  bring  anything  like  order 
out  of  the  chaos  of  the  stars.  But  apparently  we  are  on  the  way  now 
of  learning  something  about  them.  Has  Prof.  Hussey  some  word 
on  this  problem  ?    Has  it  been  taken  up  at  the  La  Plata  Observatory  ? 

Mr.  HussET.  No;  it  has  not. 

The  Chaibman.  If  we  are  able  to  come  back  from  the  planets, 
on  which  we  may  be  sojourning  20  centuries  from  now,  and  make 
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use  of  the  elapsed  time,  we  shall  probably  be  able  to  throw  some 
light  on  this  problem.  In  the  meantime  it  is  exceedingly  important 
that  our  observations  of  to-day  be  so  recorded  that  they  may  be  avail- 
able to  our  successors.  We  have  considered  that  problem  in  what 
may  be  called  a  practical  way  in  this  institution  by  the  publication 
of  a  star  catalogue,  which  is  being  worked  out  by  the  successors  of 
the  late  Prof.  Boss.  In  selecting  the  paper  for  the  first  edition  of 
that  catalogue,  the  so-called  preliminary  general  catalogue,  we  have 
secured  material  which  I  will  guarantee  will  last  600  to  1,000  years 
under  ordinary  library  conditions.  If  the  observations  of  Hippar- 
chus  had  been  made  with  the  precision  of  modem  instrumentation, 
his  catalogue  would  be  of  great  service  to  us  now.  It  may  be  of  in- 
terest to  the  astronomers  here  present  to  know  that  the  Carnegie  In- 
stitution is  just  about  to  issue  an  edition  of  Ptolemy's  famous  work, 
or  of  the  catalogue  of  stars  of  Hipparchus,  in  which  computations, 
have  been  made  with  modem  data  back  to  the  time  of  Hipparchus,. 
with  a  view  to  determining  how  precise  his  catalogue  is.  That  work 
will  be  ready  for  issue  shortly.  That  may  be  considered  as  the  latest^ 
if  not  the  last,  edition  of  Ptolemy's  work. 

Are  there  any  further  remarks  on  these  papers?  If  not,  we  have- 
another  paper  by  two  colleagues  of  Prof.  Hussey,  Dr.  Pablo  T.  Dela- 
vAn  and  Dr.  F61ix  Aguilar,  which  I  will  ask  Prof.  Hussey  to  presents 
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By  PABLO  T.  DELAVAN. 
Professor  of  the  Faculty  of  Physical  Science,  llathematicSf  and  Astronomy  of 
the  National  University  of  La  Plata;  and  • 

FELIX  AGUILAR, 
Professor  of  the  same  Faculty. 

One  of  the  great  needs  of  astronomy  in  the  Southern  Hemisphere  is  the- 
accurate  determination  of  star  places.  The  Zones  of  the  Astronomlsche  Ge- 
sellschaft,  a  work  participated  in  by  14  different  observatories,  in  which  all 
stars  to  the  ninth  magnitude  have  been  observed  at  least  twice,  extend  to  23* 
sonth  declination.  On  a  similar  plan  the  measures  have  been  extended  by  the 
Argentine  National  Observatory  at  C6rdoba  to  south  declination  37*,  and  the 
results  published  in  part.  The  same  observatory  also  has  plans  for  the  con- 
tinuance of  the  work  15*  farther  south. 

Accordingly,  in  the  year  1913,  it  was  decided  to  undertake  a  program  of 
observational  work  at  La  Plata  in  which  two  zones  of  5*  each,  beginning  at 
declination  52,  were  to  be  observed  on  a  plan  similar  to  that  of  the  Astrono- 
mlsche Gesellschaft.  Each  zone  contained  approximately  7,500  stars,  the  lista 
Including  all  those  to  the  ninth  magnitude  in  the  Cape  Fhptographlc  Durcfa-^ 
musterung. 
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The  northern  zone  wns  assigned  to  Astronomer  Delavftn,  who  began  the 
observing  early  in  1913.  The  southern  one  was  undertaken  by  Astronomer 
Aguilar,  who  began  work  the  following  year. 

The  instrument  employed  Is  the  large  Gautier  meridian  circle.  This  was  one 
of  the  first  instruments  of  the  La  Plata  Obsenratory.  Ordered  in  Paris  in 
1887,  it  was  completed  In  time  to  be  exhibited  at  the  Universal  Exposition  of 

1889.  In  the  following  spring  it  was  shipped  to  La  Plata,  arriving  in  April, 

1890.  It  was  designed  with  the  aim  that  it  should  not  be  only  one  of  the 
largest,  but  also  one  of  the  best  instruments  of  its  kind  in  the  world.  The 
cube  and  contiguous  parts  of  the  axis  are  formed  from  a  single  casting,  which 
has  been  machined  on  the  inside  and  outside.  The  tube  is  of  steel  and  the 
lower  or  micrometer  end  is  double.  Both  sections  of  the  tube  are  tapered. 
The  objective  was  made  by  the  Henry  Brothers  of  the  Paris  Observatory.  It 
has  a  clear  aperture  of  21.3  centimeters  and  a  focal  length  of  2.8  meters.  The 
graduated  circles  are  approximately  1  meter  in  diameter,  and  are  divided  into 
five  minute  spaces,  with  each  degree  numbered.  Four  microscopes  for  reading 
each  circle  are  provided,  and  are  placed  at  intervals  of  90°. 

The  micrometer  has  been  replaced  by  a  more  modern  one  belonging  to  the 
new  Repsold  meridian  circle,  received  at  La  Plata  some  time  ago,  but  which 
is  not  yet  mounted.  It  is  of  the  self-registering  type  with  illumination  by 
means  of  a  miniature  electric  lamp  mounted  on  the  micrometer  itself. 

The  field  can  be  illuminated  In  two  ways — dark  wires  on  a  bright  background 
or  bright  wires  on  a  dark  background.  The  latter  method  has  been  used 
throughout  the  work.  A  magnifying  power  of  156  diameters  has  been  uni- 
formly employed  for  the  observations. 

The  clock  used  during  the  first  two  years  of  the  work  was  made  by  A. 
Fenon,  of  Paris,  and  is  known  as  Fenon  67.  It  is  placed  in  a  small  room  in 
the  basement  of  the  principal  building.  It  has  second  contacts  connected  electri- 
cally to  the  chronograph  In  the  observing  room.  Although  possessing  a  rather 
large  variation  due  to  changes  of  temperature,  the  rate  during  a  single  night 
has  always  been  satisfactory.  Early  in  1915  the  new  Riefler  clock  was  in- 
stalled, and  is  now  in  use.    It  is  known  as  Riefler  325. 

The  chronograph  in  use  is  of  the  cylindrical  pattern,  constructed  by  Feyer, 
Favarger  &  Co.,  of  Neuchatel,  Switzerland.  It  has  two  pens — one  for  record- 
ing the  clock  beats  and  the  other  for  the  key  signals. 

The  normal  program  for  a  night's  work  is  as  follows:  In  the  beginning  the 
nadir  is  read,  by  means  of  an  artificial  horizon,  for  level  and  for  zenith  dis- 
tance. Four  time  stars  are  then  observed,  and  a  pair  for  the  determination  of 
the  azimuth  constant  This  pair  generally  consists  of  a  clrcumpolar  star  and 
a  star  of  such  declination  that  it  renders  the  azimuth  factor  large.  If  the 
clrcumpolar  star  is  above  the  pole,  a  star  with  a  large  northern  declination  is 
used  In  connection  with  it;  if  below  the  pole,  a  star  between  40*  and  60* 
south  declination  is  selected.  The  same  is  done  at  the  close  of  the  night's 
work.  In  the  meanwhile  zone  stars  are  observed  with  a  time  star  included 
approximately  every  hour.  The  spirit  level  is  read  at  the  beginning  or  close  of 
each  series  to  check  the  result  derived  from  the  nadir. 

The  col  lima  tion  of  the  telescope  has  been  found  to  be  very  nearly  constant 
It  is  determined  on  the  average  of  about  once  a  month  by  reversal  on  a  mire. 
A  colllmating  lens  is  set  up  provisionally  in  the  south  window  of  the  observing 
room,  which  brings  into  focus  the  mire  located  some  80  meters  from  the  tele- 
scope. Readings  are  made  with  the  vertical  movable  micrometer  thread,  after 
which  the  Instrument  is  reversed  and  the  readings  repeated.    To  be  certain 
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that  the  azimuth  has  remained  constant  in  the  meantime,  the  instrument  is 
returned  to  its  original  position  and  the  readings  made  again.  Finally,  the 
telescope  is  reversed  once  more  and  left  In  the  new  position  for  a  period  of 
observntional  work.  In  this  way  the  observations  are  nearly  evenly  divided 
between  the  two  positions  of  the  instrument 

While  the  meridian  circle  is  reversed  at  intervals,  the  microscopes  employed 
are  always  those  of  the  east  pier.  Accordingly,  the  two  circles  have  been 
used  in  the  determination  of  the  declinations.  Although  the  investigation  of 
the  errors  of  graduation  has  not  been  completed,  the  close  agreement  in  the 
results  obtained  by  the  two  circles  indicates  that  the  errors  in  that  particular 
region  are  very  small. 

In  the  reductions  the  azimuth  as  determined  from  the  pair  observed  near 
the  beginning  of  the  series  together  with  the  level  as  derived  from  the  nadir 
at  the  beginning  and  the  collimatlon  determined  at  the  previous  reversal  are 
adopted  as  the  Instrumental  constants  for  the  time  corresponding  to  the  be- 
ginning of  the  night's  work.  In  a  like  manner  the  azimuth  as  obtained  near 
the  close  with  the  level  determined  by  the  final  nadir  and  the  same  collimatlon 
constant  are  adopted  as  the  constants  for  the  time  of  the  close  of  the  series. 
For  intermediate  times  the  values  of  the  reduction  constants  are  interpolated. 

For  the  determination  of  the  clock  correction  and  rate  a  least  square  solu- 
tion is  made,  assigning  the  azimuth  pairs  zero  weight 

During  the  past  year  and  a  half  the  observing  has  been  handicapped  by  the 
abnormally  bad  weather.  Nevertheless  to  the  present  time  there  have  been 
made  nearly  25,000  measures.  With  average  conditions  it  is  quite  probable 
that  the  work  of  observing  will  be  completed  by  the  end  of  the  year  1916. 

The  reductions  are  following  promptly.  The  measures  of  1913  are  reduced 
and  in  manuscript  form.  The  work  of  1914  is  being  prepared  for  printing,  while 
the  reductions  of  this  year's  observations  are  well  underway. 

The  Chaibman.  I  wish  to  thank  Prof.  Hussey  for  the  presentation 
of  this  paper.  Are  there  any  remarks  upon  it?  Like  many  other 
papers  read  here  it  shows  that  there  is  great  activity  now  in  this 
fundamental  work  of  astronomy.  The  prospect  is  that  the  astrono- 
mers of  the  future  will  not  call  so  loudly  for  stellar  positions  as  the 
astronomers  of  the  past  have  done.  In  the  course  of  a  couple  of 
decades  that  work  ought  to  be  pretty  well  done.  It  is  probable  that 
the  Boss  catalogue,  which  will  embrace  all  stars  to  the  seventh  magni- 
tude, inclusive,  will  be  issued  in  the  course  of  a  few  years  now — 
certainly,  I  think,  within  a  decade. 

There  is  one  point  brought  out  by  this  paper  that  is,  I  think,  of 
immense  importance  for  the  future.  It  applies  not  only  to  astronomi- 
cal observations  but  to  geodetic  work,  magnetic  work,  and  all  kinds 
of  work  involving  computations  dependent  upon  observations.  The 
point  is  that  we  must  find  some  methods  whereby  we  can  get  out 
the  results  more  speedily  than  we  have  in  the  past.  Dr.  Bauer  will 
recall  that  he  and  I  had  some  talks  upon  that  subject  several  years 
ago,  and  in  those  talks  I  insisted  that  unless  he  could  devise  methods 
of  speedily  getting  the  results,  so  that  they  could  be  available  for 
other  people,  he  would  fail  in  one  of  the  most  important  features 
of  his  undertaking. 
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Mr.  Baiter.  I  think  we  succeeded  in  doing  that,  the  results  being 
now  furnished  in  the  leading  hydrographic  establishments  even 
before  they  are  ready  to  use  them. 

The  Chairman.  Yes,  when  the  nonmagnetic  ship  Carnegie  reaches 
port  she  is  ready  to  send  out  her  results  in  a  fit  stage  for  use  by 
hydrographic  offices.  Similarly  we  must  find  in  primary  triangu- 
lation  some  way  to  reduce  the  labor  of  computations  and  some  way  to 
get  the  results  more  speedily  available.  The  time  was  in  astronomy 
and  geodesy  when  a  man  made  observations  and  then  waited  for  the 
slow  process  of  time  to  get  his  results.  Now,  I  think  we  understand 
computations  so  well  that  we  may  not  only  abridge  them,  but  we 
may  get  them  published  and  available  for  our  successors  before  we 
die.  Prof.  Brown  has  illustrated  the  same  idea  in  getting  the 
results  of  his  extraordinary  computations  ready  for  use  by  our 
successors. 

Mr.  Brown.  One  of  the  great  troubles  that  I  find  in  this  kind  of 
work,  and  a  trouble  that  I  think  most  people  find,  is  that  we  rely 
very  largely  on  mechanical  aids  furnished  by  the  commercial  world. 
A  great  deal  of  the  work  that  we  have  to  do  is  not  easily  done  by 
those  commercial  aids.  What  are  needed  are  special  devices  that 
only  scientific  men  will  use.  We  can  not,  therefore,  rely  on  the 
commercial  side  of  computation  for  that  work,  and  it  is  necessary 
for  people  to  devise  methods  by  which  computations  can  be  short- 
ened, which  methods  will  have  no  value  whatever  in  ordinary  com- 
mercial life,  such  as  banks  and  the  like.  I  have  myself  described  in 
this  city  on  a  previous  occasion  a  little  device  which  I  have  calculated 
has  saved  somewhere  in  the  neighborhood  of  $5,000  to  $10,000  in 
computing  work.  It  was  very  simple,  finally.  There  are  a  lot  of 
little  devices  of  that  kind  which  may  be  made,  but  nobody  spends 
his  time  doing  that  kind  of  thing,  because  there  is  no  money  in  it. 
To  return  the  complement  to  our  president,  it  seems  to  me  that  the 
work  which  the  Carnegie  Institution  has  taken  up  is  very  admirable. 

Mr.  Bauer.  My  experience  in  my  own  work  has  been  that  time  is 
chiefly  lost  in  trying  to  make  use  of  old  data,  trying  to  make  use 
of  the  data  of  others,  the  precise  value  of  which  unfortunately  they 
do  not  know,  so  that  in  making  use  of  those  data  you  can  not 
tell  whether  the  figures  which  you  find  represent  a  fact  of  nature  or 
something  else,  and  the  time  is  lost  in  trying  to  find  out  whether  it 
is  a  fact  of  nature  or  whether  it  is  due  to  some  other  cause.  I  do 
not  know  of  any  way  to  verify  the  older  observations  except  by 
discarding  them. 

The  Chairman.  If  this  were  not  a  meeting  of  internationalists 
I  would  be  disposed  to  state  that  one  of  the  things  most  needed 
for  the  future  of  science  is  to  scrap  a  large  part  of  the  information 
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we  now  possess.  That  is  very  iconoclastic,  but  I  think  it  is  pro- 
foundly true  in  many  kinds  of  work  that  have  already  been  started. 

Mr.  EiCHELBERGEB.  But  not  in  astronomy. 

The  Chairman.  Yes;  in  astronomy  and  geodesy.  If  we  could 
get  rid  of  the  accumulations,  if  we  could  in  some  way  ignore  the 
accumulations  of  information,  and  proceed  anew,  we  could  arrive 
at  the  goal  a  good  deal  more  quickly  than  we  can  now.  Science 
in  many  of  its  departments  is  encumbered  with  information  that 
is  not  up  to  the  proper  modem  standard.  The  work  done  by  our 
temporary  observatory  at  San  Luis  in  Chile  is  an  illustration  of 
the  value  of  doing  work  de  novo,  and  doing  it  ourselves.  Many  of 
our  advisors,  including  the  late  Simon  Newcomb,  suggested  that  that 
work  be  done  by  the  observatories  which  were  then  already  in  ex- 
istence in  the  Southern  Hemisphere;  but  if  we  had  pursued  that 
course  it  would  have  taken  a  great  deal  longer  than  the  time  which 
was  actually  consumed  to  arrange  the  preliminaries  by  correspond- 
ence. But  in  regard  to  computations  and  reductions  and  in  regard 
to  publication,  it  is  high  time  for  us  to  get  together  and  find  some 
means  for  expediting  our  work.  One  of  the  faults  of  astronomers 
and  geodesists  in  the  past  has  been  particularly  that  they  have 
insisted  on  publishing  work  in  extenso.  The  expense  of  that  is  too 
great.  We  are  meeting  with  the  same  sort  of  difficulty  in  the  more 
recent  sciences,  and  particularly  in  the  biological  sciences,  whose 
devotees  desire  to  publish  everything  they  know  about  a  subject 
instead  of  making  careful  selection  of  the  salient  facts  and  features. 
The  consequence  is  that  the  institution  with  which  I  happen  for  the 
moment  to  be  connected  is  in  danger  of  being  swamped  by  the  ex- 
cessive cost  of  its  publications,  and  particularly  of  illustrations. 
We  must  find  some  way  to  cheapen  the  illustrations  in  publications 
and  some  way  of  getting  at  the  result  at  which  we  aim  more  directly 
and  more  economically. 

Prof.  Bailey  has  kindly  consented  to  examine  a  pap>er,  which  has 
been  sent  us  by  the  chief  of  the  military  geographic  service  of  the 
Republic  of  Uruguay,  Lieut.  Col.  Silvestre  Mato,  who  submits  some 
resolutions  or  suggestions  for  resolutions  for  the  Congress.  They 
fall  within  the  province  of  this  section.  If  Prof.  Bailey  has  had 
time  to  examine  them,  I  would  ask  him  to  give  us  the  substance  of 
them  in  order  that  we  may  refer  them  to  the  committee  that  was 
appointed  yesterday,  so  that  they  may  be  given  due  consideration. 
These  propositions  refer  to  some  international  matters,  which  some 
of  our  colleagues  here  in  the  United  States  desire  to  bring  forward 
in  similar  fashion.  I  think  the  matter  is  of  such  importance  that  if 
Prof.  Bailey  is  ready  he  may  present  it  to  us  and  then,  I  think,  we 
may  appropriately  refer  the  whole  subject  to  the  committee  in  order 
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that  they  may  report  these  recommendations  early  next  week.  We 
will  also  ask  Prof.  Bailey  to  give  a  translation  or  summary  of  the 
resolutions  on  geodetic  triangulations  and  cadastral  surveys  by  Mr. 
Piaggio. 

Mr.  Bailet.  You  will  find  these  stated  in  the  printed  form  and 
also  in  the  program.  They  are  resolutions  on  geodetic  triangulation 
and  cadastral  surveys.  The  other  refers  to  a  triangulation  can-ied 
on  under  the  auspices  of  the  Uruguayan  Government  for  the  de> 
termination  of  the  boundary  between  Brazil  and  Uruguay.  The 
author  says  that  at  the  end  of  the  year  1913  the  boundary  com- 
mission, appointed  to  establish  the  limits  between  Brazil  and  his 
own  country,  found  it  necessary  to  make  a  survey  along  certain 
rivers.  The  extent  of  the  survey  was  to  cover  about  240  kilometers, 
but,  unfortimately,  there  existed  no  geodetic  triangulation  to  that 
region  and  consequently  they  had  to  make  a  base  for  their  topo- 
graphical work  by  basing  it  at  one  end  upon  an  international  geo- 
detic triangulation  which  had  been  made,  and  extending  it  to  the 
border  of  Brazil  on  the  other  end.  This  was  taken  up  in  1913.  He 
says  all  they  had  to  work  with  was  one  theodolite.  They  went 
ahead  with  their  survey — the  writer  gives  the  formulae  which  were 
used — ^and  a  diagram  of  the  triangulations.  He  says  that  on  ac- 
count of  the  forests  and  the  other  diflSculties,  one  side  of  the  triangle 
was  over  2,500  meters  in  length.  He  states  further  that  on  account 
of  the  primitive  apparatus  and  the  lack  of  sufficient  points  on  which 
to  base  a  survey,  they  did  not  expect  very  good  results  but  that, 
taking  into  consideration  the  difficulties  under  which  they  labored 
and  the  instruments  with  which  they  had  to  work,  the  results  were 
unexpectedly  good. 

The  Chairman.  We  wish  to  thank  Mr.  Bailey  for  his  work. 
These  papers,  which  refer  to  the  very  important  international 
question  of  geodetic  surveys  carried  on  by  common  methods  and 
using  common  units,  will  now  be  referred  to  our  committee,  for 
which  provision  was  made  this  morning.  If  there  is  no  objection, 
therefore,  we  will  refer  these  resolutions  suggested  by  Col.  Mato 
and  Mr.  Nicol&s  H.  Piaggio,  to  that  committee  for  further  con- 
sideration. I  may  state  that  the  executive  committee  wishes  to  have 
all  of  the  resolutions  of  this  kind  ready  for  submission  early  next 
week  so  that  action  may  be  taken  by  the  executive  committee  for 
recommendation  as  a  part  of  the  work  of  the  Congress. 

The  following  paper  will  now  be  presented  as  read  by  title:  The 

Astrographic  Catalogue,  zones  —  70®  to  —  23**,  assigned  to  the 

Chilean  National  Observatory,  by  Ismael  Oajardo  Reyes,  subdi- 

rector  of  the  observatory  and  head  of  the  astrographic  department. 
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THE  ASTROGRAPHIC  CATALOGUE  ZONES  —17*  TO  — 2S*  ASSIGNED 
TO  THE  CHILEAN  NATIONAL  OBSERVATORY. 

By  ISMAEL  GAJARDO  REYES, 
Subdirectory  Chilean  National  Observatory  and  Head  of  tJie  Astrographic 

Department, 

BI8T0BT  AND  QEREBAL  PLAN  OF  THS  WORK. 

On  October  15, 1880,  TAcad^mle  des  Sciences,  acceding  to  a  request  from  Ad- 
miral Mouchez,  then  director  of  the  Paris  Observatory,  sent  to  corresponding 
Institutions  in  foreign  countries  the  following  circular  letter,  which  mny  well 
be  considered  the  "  point  of  departure  "  of  the  great  work  on  the  ••  Gnrte  du 
Clel,**  In  the  execution  of  which  some  18  observatories  are  to-day  engaged.  The 
academy's  letter  of  invitation  reads  as  follows: 

Pabis,  October  /5,  18HB, 

Sni:  The  great  progress  achieved  In  celestial  photography  and  the  remark* 
able  star  photographs  recently  taken  at  Paris  by  the  Messrs.  Henry  hove  lead 
a  number  of  astronomers  to  believe  that  the  time  has  come  to  uud«*rtnke  the 
construction  of  a  chart  of  the  heavens  by  photography.  This  great  un*lert:iklng, 
which  would  be  of  so  great  Importance  to  astronomers  of  the  future,  would  he 
easily  accomplished  In  a  few  years  if  10  or  12  observatories,  well  fllstrlbnted 
on  the  globe,  could  make  a  proper  division  of  lalK>r  and  work  with  methods 
Identical  In  character,  in  order  that  the  various  parts  of  the  charts  might  have 
essential  homogeneity. 

L*AcadOmie  des  Sciences,  having  been  Informed  by  the  unofficial  communU 
cations  receive<l  by  the  director  of  the  Paris  Observatory  from  a  large 'nunil)er 
of  astronomers  with  reganl  to  the  feasibility  of  an  intcmntlonni  conference, 
where  the  question  might  be  studied  and  discussed  In  concert,  hns  come  to  the 
conclusion  that  such  a  conference  might  be  held  at  the  Paris  Observatory 
during  the  Easter  vacation,  April  10,  1887,  and  it  trusts  that  you  may  be 
present 

I.  Bertrand, 

A.    VULPIAN, 

The  Permanent  Secretaries  of  the  Academy  of  Sciences. 

During  the  month  of  October.  1886,  fiO  of  the  same  Invitations  were  sent  to 
the  best  known  astronomers  of  16  different  nations  by  the  French  minister  of 
foreign  relntion&  All,  without  exception,  met  with  favorable  reception,  and 
the  astronomers  who,  for  different  reasons,  could  not  promise  their  attendance, 
sent  expressions  of  their  approval  of  the  project.  Some  of  them,  among  whom 
were  the  well-known  North  American  astronomers,  B.  C.  Pickering  and 
Pritchard,  sent  in  valuable  advice  and  data ;  others  promised  their  cooperation. 

The  director  of  the  Santiago  Observatory,  Don  Jos^  Ignado  Vergnra,  although 
he  did  not  teel  personally  able  to  attend  the  conference,  declared  that  he  was 
authorized  by  our  €k>vemment  to  have  constructed  as  soon  as  possible  the  in- 
strument which  should  be  chosen  by  the  congress  for  the  work.  This  state- 
ment was  communicated  officially  to  Admiral  Mouchez  by  the  Cliilean  minister 
in  Paris.  M.  Beuf,  the  director  of  the  observatory  of  the  Province  of  Buenos 
Ayres  at  La  Plata,  went  to  Paris  with  similar  powers  from  his  Government 
M.  Gruls,  the  director  of  the  Rio  Janeiro  Observatory,  had  equal  powers,  and 
three  French  observatories,  in  addition  to  the  Paris  Observatory,  already  pos- 
sessed the  authorizations  necessary  for  the  construction  of  the  instrument 
Thus,  at  the  inauguration  of  its  sessions,  the  congress  had  the  complete  assur- 
ance that  seven  observatories  were  ready  to  construct  immediately  the  appa- 
ratus nec^toary  for  the  work. 

The  astrographic  congress.  Inaugurated  April  16,  1887,  was  composed  of  86 
foreign  delegates,  among  whom  were  many  of  the  best-known  astronomers  of 
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that  period,  such  as  Struve,  Anwers,  Donner,  Qili,  Vogel,  Schoenfeld,  and 
Christie;  11  members  of  TAcademle  des  Sciences;  3  directors  of  French  obser- 
▼atories,  those  of  Toulouse,  Bourdeaux,  and  Argel;  2  assistant  astronomers 
from  the  Paris  Observatory;  1  constructor  of  instruments  of  precision;  and 
three  representatives  of  the  administration  of  the  Paris  Observatory. 

It  would  be  a  long  and  arduous  taslc  to  enter  into  the  details  of  the  pro- 
ceedings of  tlie  general  sessions  of  the  congress  celebrated  during  the  year 
1887,  as  well  as  the  meetings  of  the  permanent  international  committee  for 
the  execution  of  the  photographic  chart  of  the  sky,  which  took  place  at  the 
Paris  Observatory  in  the  years  1889,  1891,  and  1896.  Some  of  the  principal 
results  of  the  conferences,  however,  such  as  the  distribution  of  the  plates  over 
the  sky,  the  selection  of  guiding  stars,  the  length  of  exposures,  and  the  distribu- 
tion of  the  work  among  the  diiferent  observatories,  may  well  be  describetL 

The  photographic  refractor  adopted  for  the  work  lias  an  aperture  of  0.88 
meter  and  a  focal  length  of  3.43  meters,  so  that  an  arc  of  1  minute  in  the  sky 
corresponds  approximately  to  1  millimeter  on  tlie  plate  These  have  a  surface 
of  160  millimeters,  but  the  eifective  field  covers  no  more  than  two  degrees  on 
a  side,  or  four  square  degrees.  The  conjoined  plates  are  superposed  In  declina* 
tion  to  a  distance  of  less  than  half  their  diameters  in  such  a  manner  that  a 
star  image  situated  in  the  center  of  one  plate  will  be  found  near  the  edge  of  the 
effective  field  of  the  following  plate.  In  order  to  accomplish  this  in  the  simplest 
manner  possible,  the  plates  are  exposed  so  that  their  centers  are  separated  by 
one  degree  in  the  successive  parallels  of  declination.  Tlie  center  of  the  first 
plate  in  the  series  of  even  declinations  is  placed  at  0  h.  0  m.  in  right  ascension. 
For  the  series  of  uneven  declinations  the  first  plate  is  centered  at  a  point  whose 
right  ascension  is  approximately  the  mean  of  the  right  ascensions  of  the  center 
of  the  first  and  second  plates  of  the  contiguous  series.  Near  the  equator  it  is 
necessary  to  distribute  the  plates  of  each  series  with  eight  minute  intervals  in 
right  ascension,  but,  as  the  declination  increases,  the  right  ascensions  of  the 
adjoining  plates  differ  by  increasing  amounts  until  the  polar  zone  Is  entirely 
covered  by  a  single  plate.  The  entire  sky  will  thus  be  covered  by  the  succes- 
sive series  of  plates.  The  distribution  adopted  will  be  better  understood  from 
the  following  table : 

Tahle  afunoinff  the  distrihutian  of  the  platen. 
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0   0 
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0   0 
0   0 
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0     4 
0     6 
0     0 
0     8 
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0 

10 

12 

10 

18 
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1,440 
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1.738 
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The  numbers  which  appear  in  the  fifth  column  liave  been  obtained  by  divid- 
ing 1,440,  the  numl)er  of  minutes  in  24  hours,  by  the  interval  l)etween  the  suc- 
cessive centers  given  in  column  4.  The  last  column  is  obtained  by  multiplying 
the  numl)er  of  plates  in  a  zone,  as  indicated  in  column  5,  by  the  number  of  zones 
indicated  in  the  first  column.  Thus,  for  example,  from  87*  to  48*  there  are 
12  zones  of  144  plates  each,  or  1,728  plates  in  all.  Suppose  that  we  desire 
to  know  what  plates  will  contain  a  star  whose  position  Is  a— 0  h.  47  m; 
«=— 89*  40'.  The  table  sho%vs  that  It  will  appear  on  the  sixth  plate  of  the 
zone  40*  and  on  the  fifth  plate  of  the  zone  89*,  since  the  zones  of  uneven  declina- 
tion between  87*  and  48*  have  the  first  plate  centered  at  0  h.  5  m.  In  right 
ascension. 

In  order  to  be  certain  that  the  plate  is  actually  being  exposed  upon  the  true 
position  in  the  sky,  it  Is  necessary  that  the  observer  guide,  by  means  of  the 
guiding  telescope  attached  to  the  photographic  refractor,  upon  a  star  within 
the  desired  region,  the  position  of  which  has  been  previously  determined.  The 
selection  of  these  guiding  stars  for  each  region  from  existing  stellar  catalogues 
has  given  rise  to  much  discussion.  At  first,  it  was  thought  that  they  ought  not 
to  be  more  than  22'  from  the  centers  of  the  plates  and,  consequently,  the  lists 
were  made  up  on  that  assumption.  In  order,  however,  to  find  stars  In  all 
cases  within  22'  of  the  plate  center,  It  was  necessary  to  Include  many  stars 
fainter  than  the  ninth  magnitude.  It  was  finally  decided  to  allow  each  ob- 
server to  choose  a  new  guiding  star  not  more  than  40'  distant  from  the  plate 
center  in  such  cases  as,  in  his  judgment,  the  star  listed  was  too  faint  to  be  con- 
veniently observed  in  the  Illuminated  field  of  the  guiding  telescope.  The 
program  of  guiding  stars  for  the  Santiago  Zones  was  prepared  by  Astronomer 
Zurhellen  and  Includes  stars  down  to  magnitude  0.4. 

The  question  of  the  proper  length  of  exposures,  taking  into  consideration 
the  photographic  magnitudes  of  the  stars,  has  likewise  provoked  much  discus- 
sion. For  the  series  of  short  exposures,  from  which  one  catalogue  Is  to  be 
formed,  It  has  been  the  custom  of  our  observatory,  as  well  as  most  of  the 
others,  to  make  two  exposures  of  8  minutes  and  another  of  20  seconds.  In  this 
way  the  star  images  appear  in  triplicate  with  one  image  fainter  than  the  other 
two  and  It  Is  practically  Impossible  to  confuse  them  with  spots  In  the  gelatin. 

The  following  table  shows  the  observatories  which  are  taking  part  in  the 
work,  together  with  the  region  of  the  sky  and  the  amount  of  work  assigned  to 
each: 

Table  Bhovoing  the  dUtribution  of  the  work. 


Obsemitory. 

Latitude. 

Declinations  of  the 
tones. 

Zenith  distance. 

Number 
of  plates. 

Greenwich 

+51    29 
+41    54 
+37    30 
+60     9 
+52    23 
+61    46 
+48    60 
+44    60 
+43    37 
+36    48 
+36    28 
+19    24 
-33    27 
-34    66 
-22    54 
-33    66 
-33    52 
-37    50 

•          • 

+90  to +65 
+64  to +55 
+54  to  +47 
+46  to  +40 
+39  to +32 
+31  to  +25 
+24  to +18 
+17  to +11 
+10  to  +  5 
+  4to-  2 
-  3to-  9 
-10  to  -16 
-17  to  -23 
-24  to  -31 
-32  to -40 
-41  to  -61 
-62  to -64 
-66  to -90 

• 
-13 
-13 

-  9 
+14 
+13 
+20 
+24 
+27 
+33 
+32 
+38 
+29 
-10 

-  3 
+  9 
+  7 
+18 
+27 

31  to -38 
flto-22 

30  to -16 
9to+20 

23  to +20 
46  to +26 
50  to +30 
50  to +33 
37  to  +38 
48  to +38 
28  to +45 

24  to +36 
27  to -16 
65  to -10 

6  to +17 
4  to +17 
8  to +30 
10  to  +52 

/ 

31 

6 

30 

9 

23 

46 

60 

50 

37 

48 

28 

24 

27 

56 

6 

4 

8 

10 

1,149 

Home 

1,040 

Catania 

l.OQS 

Hebdnidbra 

1008 

Potsdam 

1.231 

Oxford 

1.181 

Paris     

i;23 

Bordeaux.... 

1,269 

Toulouse 

1.069 

Argel 

1,360 

San  Fernando 

1.260 

Tacubaya 

1.26t 

Santiago 

1.260 

La  Plata 

1.260 

Rio  Janeiro.  • 

1,376 

C^pe  Town 

1,512 
1.400 

Sydney 

Melbourne 

1,149 

Total  nomber  of  nlates 

«,0M 
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With  regard  to  the  technical  importance  of  the  labor  to  which  the  scientific 
reputation  of  our  obeervatory  and,  to  a  certain  degree,  the  word  of  the  Chilean 
Governm^it,  is  pledged,  we  can  find  no  better  justification  than  the  eloquent 
words  of  the  eminent  French  astronomer  and  mathematician,  M.  Loewy,  with 
which  he  concludes  the  introduction  to  his  notable  memoir,  entitled  "  Second 
Iftoioire  BUT  la  Construction  du  Catalogue  fondte  sur  les  Clldite  de  la  Carte 
duCiel'':* 

De  Texamen  de  ce  travail,  11  rteulte  aussi  que  la  m^thode  photographique 
appel^  k  Jouer  un  r61e  tout  h  fait  preponderant  dans  r^tmle  des  situations 
relatives  des  ostres.  L*activit6  des  astronomes  devra  changer  de  direction, 
sous  peine  de  s*exercer  d*uue  manidre  sterile.  Les  instruments  m^ridiens 
serout  alTect^  d*une  wanl^re  plus  sp^iale  k  la  determination  des  positions  des 
Voiles  fondamentales  et  des  ostres  mobiles.  La  p1ioto;]xaphie  les  reniplacera 
avec  grand  a  vantage  pour  la  construction  des  Catalogues  d*Otolles  fixes,  aussi 
bien  que  pour  r^tude  des  mouveuients  sid^ruux  et  des  puroiiuxes. 

n.  THR  ASTBOQBAPHIC  REFBACTOB. 

The  astrographic  telescope  of  our  observatory  is  of  the  Henry-Gauthier  type 
and  resembles  in  all  its  details  the  instruments  of  the  French  observatories. 
It  consists  of  two  parallel  telescopes,  the  photographic  refractor  of  33  cm. 
aperture  and  3.43  meters  focal  length,  and  the  guiding  telescope  of  19  cm. 
aperture  and  8.63  meters  focal  length.  Both  are  inclosed  in  a  single  metallic 
tube  of  rectangular  section,  37  by  68  cm.  A  light  diaphragm  within  the  tube 
separates  the  two  telescopes.  The  central  axis  of  the  tube  moves  freely  upon 
a  strong  frame,  made  of  two  triangular  plates  of  steel  which  are  fastened  at 
their  corners  to  two  trusses  of  cast  Iron,  mounted  in  the  north  and  south  line 
upon  two  brick  piers. 

The  hour  circle  is  placed  ot  the  lower  end  of  the  polar  axis  and  is  divided 
into  minutes,  so  that  with  either  of  the  two  verniers  the  observer  may  read 
to  6  seconds.  The  declination  circle  is  on  the  side  of  the  tube  between  It  and 
the  polar  axis;  its  divisions  are  10  minutes,  and  by  means  of  an  eyepiece 
located  on  the  side  of  the  guiding  telescotie  it  is  possible  to  read  the  circle  to 
1  minute  of  arc  It  has  not  been  possible  on  this  circle  to  eliminate  the 
shadows  of  the  index  lines  which  ore  reflected  upon  the  circle,  so  that  the 
observer  must  be  careful  to  choose  the  correct  lines  from  the  two  which  he 
sees  in  the  eyepiece. 

The  declination  circle  and  the  field  of  the  eyepiece  of  the  guiding  telescope 
are  illuminated  by  means  of  an  electric  lamp.  The  light  brass  tube  which 
carries  this  lamp  is  provided  with  two  openings  for  ventilation,  and  during 
guiding  these  are  closed  by  means  of  two  glasses,  between  which  have  been 
placed  sheets  of  red  gelatine.  The  current  for  this  lamp  is  passed  through  a 
resistance  coil,  by  means  of  which  it  is  possible  to  regulate  at  will  the  illumina- 
tion of  the  field  to  offset  variations  in  voltage. 

The  lenses  rest  in  cylindrical  cells  of  steel  attached  to  the  brass  plate  at  the 
upper  end  of  the  tube  which  incloses  both  telescopes  and  on  which  are  fas- 
tened rings  which  extend  out  over  the  edges  of  the  lenses.  The  photographic 
abjective  consists  of  a  double  convex  lens  directed  toward  the  object  and 
a  concavo-convex  lens  directed  toward  the  plate,  the  convex  side  having  a 
very  slight  curvattire. 

The  brass  frame  of  the  camera  is  fastened  at  its  four  comers  by  guiding 
bars  and  is  moved  by  a  screw  of  1  millimeter  pitch,  the  head  of  which  is 
divided  into  20  parts.    In  order  to  take  account  of  the  whole  revolution  of 

^Bulletin  do  Comity  International  Permauent  pour  rez^utlon  photographlqae  de  la 
Carte  da  Ciel,  Vol.  II,  pp.  16S-808. 


120       PBOCEEDIKGS  SECOND  PAN  AMEBICAK  SCIEKTIFIO  CONGRESS. 

the  screw,  Astronomer  Zurhellen  scratched  on  both  sides  of  the  case  a  mHU- 
meter  scale  upon  which  the  number  10  corre^x>nds  to  the  zero  position  of 
the  screw  nearest  to  the  chemical  focus;  from  this  point  the  scale  may  be 
used  about  7  millimeters  in  either  direction*  The  movable  frame  has  Its 
maximum  of  introduction  at  the  revolution  8  and  its  minimum  at  17.  It  Is 
possible  to  give  the  camera  a  small  Inclination  by  means  of  another  plate  acted 
upon  by  four  pressure  screws.  On  this  frame,  which  unfortunately  is  weai^ 
runs  a  disk  which  holds  the  plate  holder.  To  this  it  is  possible  to  give  slight 
movements  of  rotation  by  means  of  a  tangent  screw,  which  acts  at  a  distanos 
of  172  millimeters  from  the  center  in  such  a  manner  that  an  advance  of  1 
millimeter  Is  equivalent  to  a  rotation  of  20  minutes.  As  the  screw  has  a  pitch 
of  0.66  millimeter,  one  resolution  is  equivalent  to  a  rotation  of  13.2  minutes 
of  arc 

The  micrometer  of  the  guiding  telescope  is  constructed  in  a  somewhat  similar 
manner.  Two  light  brass  plates,  which  move  perpendicularly  to  each  other, 
are  regulated  by  a  coarse  screw  of  1  millimeter  pitch.  On  one  of  the  plates 
is  screwed  a  tube,  within  which  passes  the  small  tube  containing  the  eyepiece 
and  reticle.  The  scales  of  the  eyepiece  are  numbered  to  60  millimeters,  but 
at  the  readings  3  and  57  the  eyepiece  runs  into  some  obstructions,  so  that  It 
is  only  possible  to  use  ±27  revolutions  of  the  screw,  which  are  equivalent  to 
±25.5  minutes  of  arc  The  eyepiece  frame  extends  28  centimeters  beyond 
the  camera  and  prevents  giving  to  that  instrument  a  whole  turn  in  declination, 
since  it  strikes  against  the  upper  part  of  the  support  of  the  micrometer.  Tlie 
reticle  of  the  eyepiece  contains  two  wires  in  right  ascension  and  two  in  decli* 
nation,  and  has  a  field  of  about  20  minutes.  The  guiding  telescope  is  also 
provided  with  a  small  finder  of  70  millimeters  aperture.  Its  reticle  consists 
in  two  cross  wires  at  right  angles.  It  would  he  more  convenient  to  replace 
these,  as  in  the  Vatican  telescope,  with  two  pairs  of  wires  at  right  angles, 
which  form  between  them  a  square  with  a  field  equal  to  that  of  the  guiding 
telescope.  The  field  of  the  finder  covers  about  2*,  which  is  about  the  same  as 
tb(^  field  of  the  photographic  telescope. 

lU.  THE  EXP08T7BE  AND  DEVELOPMENT  OP  THE   PTJLTB8. 

Before  making  his  exposure  the  astronomer  must  make  a  careful  study  of 
the  region  which  he  is  going  to  photograph.  For  this  it  is  helpful  to  mark  on 
the  Bonn  charts,  which  are  used  in  the  Santiago  Observatory,  the  square  whidi 
is  covered  by  the  plate  and  draw  on  a  separate  sheet  the  geometric  figures 
which  are  formed  by  the  brighter  stars  in  the  region.  It  is  preferable  to  make 
each  night  exposures  in  one  zone  only,  since  in  this  case  the  setting  of  the 
instrument  in  declination  does  not  have  to  be  changed.  The  region  to  be  pho* 
tographed,  once  chosen,  the  telescope  is  directed  to  the  desired  point  in  tiie  sky. 
This  done,  the  observer  looks  up  the  same  region  on  the  map,  and,  by  means  of 
the  arrangements  for  slow  and  rapid  motions  of  the  telescope,  changes  the 
position  until  the  reticle  of  the  finder  coincides  with  the  position  given  on  the 
map  for  the  center  of  the  plate,  for  the  equinox  1900.  Then  he  seeks  tlie 
guiding  star.  To  this  end  he  must  know  the  readings  of  the  micrometer  screws 
for  the  center  of  the  plate.  According  to  determinations  made  by  my  prede- 
cessor, Dr.  Pingsdorf,  these  values  for  the  simple  cross  in  the  reticle  of  the 
guiding  telescope  are  in  x,  2SJ2  and  in  y,  29.7.  To  these  values  must  be  added 
the  coordinates  of  the  guiding  star,  taking  into  account  their  algebraic  signs. 
Once  the  micrometer  heads  are  set  at  the  resulting  values,  the  star  is  easily 
found.  An  exposure  of  three  minutes  is  then  made,  the  readings  of  the  screws 
are  increased  0.5,  and  a  second  exposure  of  three  minutes  Is  made ;  finally  the 
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readings  are  increased  another  0 J^  in  z  and  decreased  0J5  in  y  for  a  third  ex- 
posure of  20  seconds.  Then  the  plate  holder  is  closed,  talcen  out,  and  carried 
to  tlie  darlc  room.  Here  the  plate  holder  is  opened  a  little,  and  on  the  border 
4>f  the  plate  are  written  the  date  and  numt>er  of  the  plate.  This  serves  also  to 
Indicate  tlie  orientation  of  the  plate. 

Before  developing,  the  lines  of  the  net  must  be  impressed  upon  the  plate. 
The  net  consists  of  a  plate  of  ground  glass  on  which  have  been  ruled  two  series 
of  parallel  lines  in  such  a  manner  that  the  entire  surface  is  divided  into  small 
eqnares,  5  millimeters  on  a  side.  This  is  set  in  a  special  plate  holder  of  the 
eame  form  as  those  in  which  the  exposures  are  made.  The  plate  is  taken  out 
of  its  plate  holder  and,  without  changing  its  orientation,  is  placed  in  the  plate 
holder  containing  the  net  The  exposure  to  the  net  is  made  by  means  of  a 
50-€andlepower  electric  lamp  placed  upon  a  post  outside  of  the  dark  room,  and 
an  exposure  of  85  seconds  is  sufRcient  to  secure  strong  lines. 

The  development  of  the  plate  is  one  of  those  operations  which  must  be  left 
largely  to  the  judgment  of  the  person  doing  the  developing,  especially  as  re- 
gards the  choice  of  the  developer.  My  predecessor,  Dr.  Pingsdorf,  always  used 
**  Rodinal  **  in  a  solution  composed  of  1  part  of  Rodinal  to  20  parts  of  water.  I 
have  secured  good  results  from  the  well-known  pyrogallic  acid  developer  com- 
posed  of  three  solutions,  made  up  s^arately,  as  follows: 

Solution  A: 

Water cm—  600 

Pyrogallic  acid gr.-   80 

Oxalic  add gr«.     1 

Solution  B: 

Water cm—  500 

Sulphite  of  soda  (dessicated) gr—    00 

Solution  O: 

Water cm—  500 

Garbonate  of  soda gr—    00 

To  make  up  the  developer  use  1  part  of  each  solution  and  7  parts  of  water. 

As  a  precaution  it  is  well  to  keep  the  plate  in  the  developer  about  a  minute, 
with  lights  entirely  shut  off.  The  astronomical  plate  is  developed  until  it  be- 
gins to  fog— in  general,  four  or  five  minutes.  Afterwards  it  is  bathed  in  run- 
ning water  for  a  minute  and  placed  in  the  fixer  for  about  20  minutes,  after 
which  it  is  bathed  in  running  water  for  at  least  two  hours,  and,  whenever  pos- 
sible, for  a  whole  night  It  is  then  placed  to  dry  in  some  place  free  from  dust 
and  the  direct  action  of  the  sun*s  rays. 

The  plate  must  then  be  examined  to  see  if  it  fulfills  certain  conditions. 
First,  it  is  necessary  to  see  if  at  least  one  series  of  images  has  come  out  quite 
round.  Those  plates  on  which  all  the  images  are  slightly  elongated  must  be 
rejected,  because  there  will  result  from  their  measurements  errors  which  de- 
pend upon  the  magnitude  of  the  stars.  This  examination  is  made  with  a 
microscope;  a  reading  glass  is  not  sufficient  Then  one  must  see  if  the  plate 
has  been  correctly  placed  or  if  there  has  been  an  error  In  the  identification 
of  the  guiding  star.  Finally,  it  is  necessary  to  note  whether  or  not  the  20 
ieconds*  exposure  shows  stars  down  to  the  ninth  magnitude,  so  that  it  may  be 
assumed  that  the  8-minute  exposures  show  stars  of  the  eleventh  magnitude, 
as  is  required  by  the  astrographic  congress.  After  the  examination  has  been 
made  and  the  plate  adjudged  to  be  of  good  quality,  the  catalogue  number,  the 
light  ascension,  the  number  of  the  plate  holder,  and  the  date  of  the  exposure 
are  written  near  the  northern  edge  of  the  plate  and  it  is  filed  away  for  measure- 
ment 
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IV.   THB    MEASUBINQ    MA0HINX8. 

The  reader  will  find  the  detailed  descriptions  of  the  instruments  for  measur- 
ing photoin*aphic  plates  in  the  following  references : 

Astronomy  and  Astrophysics,  Vol.  XII,  1883,  page  512.  A  new  apparatus  for 
measuring  photographic  plates;  Idem,  pp.  783-8,  Khempke,  Dorothy.  The 
Bureau  of  Measurements  of  the  Paris  Observatory;  and  Bulletin  du  Gomit6 
International  Permanent  pour  Texteutlon  photographique  de  la  Carte  du  Ciel, 
Tome  I,  pp.  164-205,  van  de  Sande  Bakhu^'zen,  H.  G.  Mesure  des  cliches  d*apre8 
le  m^thode  des  coorden^es  recta  ngula  ires. 

Tlie  astrographic  section  of  our  observatory  possesses  at  the  present  time 
only  two  instruments  for  measuring  photographic  plates.  One,  made  by  Rep- 
sold,  has  been  in  use  since  the  beginning  of  the  work,  and  tlie  other,  con- 
structed by  Otto  Toepfer  &  Son  of  Potsdam,  has  been  used  since  the  writer 
took  charge  of  this  department  The  old  Repsold  Instrument  is  quite  similar 
to  those  described  in  the  references  to  astronomy  and  astrophysics  given  above, 
while  the  Toepfer  engine  is  described  by  Bakhuyzen  in  the  last  article  referred 
to.  In  its  general  features  the  latter  consists  in  a  solid  horizontal  platform 
upon  which  the  plate  is  mounted,  which  has  two  movements,  rectilinear  and 
perpendicular,  along  two  cylinders  provided  with  millimeter  scales,  and,  in 
addition,  a  third  rotatory  movement  for  bringing  the  lines  of  the  net  into  per- 
fect orientation  with  the  wires  in  the  reticle  of  the  microscope  and  for  the 
inversion  of  the  plate;  and  a  micrometer,  which  is  used  to  make  the  settings 
upon  the  stars  and  the  lines  upon  the  plate.  The  micrometer  screws  have  two 
heads — one  of  slow  movement,  graduated  into  20  equal  parts,  the  other  of 
rapid  movement,  divided  into  a  hundred  parts.  As  in  most  screws  of  this 
kind,  the  index  on  the  head  for  slow  movement  reads  divisions,  and  that  on 
the  head  for  rapid  motion  complete  revolutions.  The  main  diiference  between 
the  new  and  old  instruments  consists  in  the  fact  that  the  micrometer  on  the 
former  instrument  is  fixed,  while  on  the  latter  it  moves  on  a  horizontal  car- 
riage the  length  t>f  the  z  axis. 

Before  using  the  instrument  one  must  determine  the  errors  of  run,  the  differ- 
ences between  the  separations  of  the  lines  of  the  net  read  on  the  micrometer 
and  their  theoretical  separations,  due  to  inaccuracies  in  the  construction  of 
the  screw.  The  theoretical  distance  between  two  lines  of  the  net,  the  separa- 
tion of  which  is  5  millimeters,  is  14,900  revolutions  of  the  micrometer  screw. 
Those  readings  which  differ  from  this  value  are  affected  by  a  certain  error 
which  it  is  convenient  to  keep  as  small  as  possible.  For  this  purpose,  once  the 
eyepiece  is  well  focused,  the  objective  is  moved  toward  or  away  from  the  plate 
by  a  small  amount,  which  changes  the  magnification,  and  consequently  the 
distance  between  the  lines  on  the  plate,  until  the  differences  between  the  read* 
Ings  on  any  two  successive  lines  is  made  as  close  as  practicable  to  14,000.  It 
is  difiicult  to  keep  the  instrument  at  exactly  this  adjustment,  but  by  successive 
approximations  it  is  possible  to  reduce  the  eatror  to  a  small  one,  easily  cor- 
rected by  means  of  special  tables.  On  the  new  Toepfer  engine  the  position  of 
the  objective,  as  well  as  the  eyepiece,  is  adjusted  by  means  of  millimeter  scales, 
80  that  it  is  easy  to  correct  any  deviation  from  the  normal  position  for  the 
determination  of  the  error  of  run. 

A  good  description  of  the  processes  used  for  the  determination  of  the  error 
of  run  will  be  found  in  a  memoir  sent  to  the  R.  Academie  del  Lincei,  August 
25,  1918,  by  G.  A.  Favaro,  entitled,  "Sulle  corresion  alle  letture  del  cerchll 
fiitte  col  mlcroscoplo  micrometrico  (correiion  di  run).** 

V.  INSTRUCTIONS  FOB  MEASUEINO  THE  PLATES. 

The  operations  which  are  carried  out  In  the  measurement  of  the  photographic 
plates  are  as  follows : 
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1.  OriemtatUm  of  the  plate, — It  is  cnstonmry  to  orient  along  the  z  axis;  that 
la,  In  such  a  manner  that  the  horisontal  line  on  the  plate  remains  between  the 
horizontal  lines  of  the  reticle  wh«i  the  microscope  Is  moved  horizontally  (Rep- 
sold  instnunent).  The  position  of  the  mlscroscope  may  be  corrected  by  mov- 
ing the  two  brass  disks  until  the  lines  of  the  net  are  exactly  between  the  two 
wires  to  the  left  and  below.  In  the  new  Toepf^  Instrument  the  microscope 
Is  fixed  and  the  plate  rack  is  moved  in  the  directions  x  or  y  as  is  convenient 

2.  Readinga  in  the  direct  poMitUm. — In  this  position  the  plate  label  should 
be  on  the  side  toward  the  observer.  Commence  with  space  —62,  or  at  the 
reading  203  on  the  special  scale  of  the  Repsold  machine.  The  carriage  for 
vertical  motion  is  set  at  approximately  203  and  the  microscope  for  horizontal 
movement  at  the  reading  —02,  or  some  other  reading  corresponding  to  the 
center  of  the  first  square  which  contains  a  star  image.  The  two  screw  heads 
are  set  at  the  reading  2.54.  Then  the  coordinates  of  the  square,  taken  from 
the  horizontal  and  vertical  scales,  should  be  recorded. 

8.  Screw  y  at  the  reading  10,000. — lilake  two  settings  on  the  line  to  the  left 
with  direct  and  reverse  turns  of  the  screw  x. 

4«  Screw  »  at  the  reading  10,000. — Make  two  settings  on  the  line  below  with 
direct  and  reverse  turns  of  the  screw  y. 

6.  Settings  on  the  star  images. — Blake  settings  with  direct  motions  of  both* 
screws  upon  the  first  star  image,  which  appears  to  the  left  and  below ;  second, 
a  direct  setting  upon  the  second  image,  to  the  right  and  above ;  third,  a  reverse 
setting  on  the  second  image;  and,  fourth,  a  reverse  setting  upon  the  first 
Image.  In  the  corners  of  the  plates,  where  the  Images  appear  elongated,  one 
must  take  into  account  the  fringes  of  the  images  and  attempt  to  make  the  set- 
tings upon  the  blackest  part  of  the  image,  presumably  the  center  of  gravity  of 
the  disk. 

6.  To  estimate  the  magnitude  of  the  star  in  grades. — ^The  star  will  be  of  the 
0.5  magnitude  when  its  image  totally  fills  the  little  square  to  the  left  and  below, 
formed  by  the  wires  closest  together  in  the  reticle  of  the  microscope  (Repsold), 
and  magnitude  10.0  if  it  covers  thot  which  follows  to  the  right  and  abova 
The  magnitude  should  be  determined  from  the  diameter  of  the  black  part  of 
the  disk,  without  the  gray  penumbra,  and,  in  underexposed  disk,  according  to^ 
the  degree  of  darkening  in  grades  of  8,  2,  or  1. 

7.  Screw  y  at  the  reading  10,000. — Make  two  settings  on  the  line  to  the  right 
with  direct  and  reverse  turns  of  the  screw  x ;  approximate  reading=17.40. 

8.  Screw  x  at  the  reading  10,000. — ^Make  two  settings  on  the  line  al)ove  with 
direct  and  reverse  turns  of  the  screw  y,  approximately  reading=17.46. 

The  carriage  is  then  moved  along  to  the  following  square  and  the  operations 
are  repeated  in  the  same  order.  The  next  row  is  reached  by  raising  the  frame 
which  supports  the  plate.  On  finishing  a  row  the  microscope  is  returned  to  the 
extreme  negative  position  before  commencing  upon  the  next. 

VI.  THK  BKDUOnON  OF  THE  UEASUBBS  AND  THE  ItHllCin:^  lt»  THB  TBAN8VOBMA- 
TION  FBOM  BECTILINKAB  TO  BECTANGXnLAB  COOBDINATES. 

The  reduction  of  the  measures  is  a  question  for  the  comprehension  of  which 
It  is  not  easy  to  escape  analytical  and  mathematical  considerations.  However, 
we  believe  that  within  the  simple  expressions  which  follow  is  Included  prac- 
tically all  the  numerical  mechanism  of  the  troublesome  operations  which  the 
computers  in  this  line  of  work  have  to  make.    These  expressions  are : 


X  direct  -iiik-  E,±r 


2 


Y  direct -Aj+ijL-  B,dbr 
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Id  these  formulie,  X  direct  and  Y  direct  r^resent  the  abscissa  and  ordinate 
of  the  star  referred  to  a  system  of  imaginary  axes  passing  through  the  center 
of  tlie  square  in  which  the  star  is  located ;  It  and  1*  the  micrometer  reading! 
on  the  lines  on  tho  left  and  right  sides  of  this  square,  made  with  screw  »: 
Vi  and  1\  the  micrometer  readings  upon  the  lines  above  and  below  the  square, 
made  with  the  screw  y;  Es  the  reading  on  the  first  star  image  with  the  screw  w; 
Er  the  reading  on  the  same  image  with  the  screw  y;  and  r  the  tabular  correc- 
tion for  the  error  of  run.  By  an  analogous  proceeding  It  is  easy  to  obtain  the 
values  of  X  and  Y  for  the  inverse  position  of  the  plate. 

A  special  table  gives  in  seconds  of  arc  the  values  of  the  coordinates  of  the 
center  of  the  squares  with  respect  to  the  center  of  the  plate,  which,  added  to  the 
sum  of  the  values  of  X,  direct  and  inverse,  or  of  Y,  direct  and  inverse,  will  give 
the  rectilinear  coordinates  of  the  stars  with  respect  to  the  center  of  the  plate. 

The  explanation  of  the  transformation  from  rectilinear  to  equatorial  coordi- 
nates, which  are  more  useful  to  astronomers,  is  not  so  simple.  The  reader  will 
find  noteworthy  memoirs  upon  this  subject  in  the  Bulletin  du  Comity  de  la 
Carte  du  Giel,  among  which  are  those  by  the  French  astronomers,  Ix)ewy  and 
Trepied,  ex-director  of  the  Argel  Observatory,  and  that  by  Prof.  Turner,  direc> 
tor  of  the  Oxford  Observatory.  Good  formulae  have  been  contributed  recently 
also  by  T.  Lagarde,  head  of  the  computing  department  of  the  Paris  Observa- 
tory and  former  employee  of  the  Santiago  Observatory,  and  A.  Porteau, 
astronomer  in  the  Paris  Observatory. 

Our  present  director,  Don  Alberto  Obrecht,  has  likewise  prepared  some  fomi-> 
uiae  for  the  stars  of  the  zones  assigned  to  the  Santiago  Observatory — ^formuln 
the  advantages  of  which  have  been  established  for  stars  on  consecutive  plates 
within  a  single  zone.  It  yet  remains,  however,  to  be  shown  that  they  are 
equally  good  for  the  correlation  of  plates  in  contiguous  zones.  The  formula  of 
Obrecht  for  the  differences  in  right  ascensions  between  the  stars  and  the  center 
of  the  plate  is : 

«-«o— x+/5y+e 

where  x  is  the  abscissa  of  the  star  expressed  in  difference  of  right  ascension 
flx>m  the  center  of  the  plate ;  /3  is  given  by  the  relation  /3=xtan  a ;  e  is  a  cor- 
rective term ;  and  y=Y-|-Y*tan  5.    For  differences  In  declination  the  formula  la — 

«— a»=Y±b+c, 

where  Y  is  the  ordinate  of  the  star  and  b  and  c  are  corrective  terms. 

Vn.  PBE8£NT  BTATlfi  OV  THK   WORK  ASSIGNBD  TO  THK  BANTIAOO  OBSEBVATOBT. 

The  exact  state  of  our  work,  according  to  a  careful  inventory  which  I  have 
taken,  is  shown  in  the  following  table  of  catalogue  plates : 


Number  of  platei. 

Required. 

Obtained. 

Measund 

and  re- 
duced. 

Zone: 

-17* 

180 
180 
180 
180 
180 
180 
180 

110 
1S8 
120 

lie 

132 
128 
117 

M 

-IS* 

1 

— 19» 

-»• 

-2l^ 

-2r 

— »• 
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While  a  fuirly  large  proportion  of  the  plates  have  been  obtained,  very  little 
has  been  done  in  the  way  of  measuring  and  reducing  them.  As  soon  as  I  took 
charge  of  the  worlc  I  felt  that  it  was  necessary  to  accelerate  this  part  of  the 
work.  With  this  in  view  I  have  installed  two  measuring  engines,  and  I  believe 
it  wlU  be  possible  to  measure  and  reduce  60  plates  per  year  in  place  of  13  per 
year,  as  has  been  done  up  to  the  present  time.  However,  60  plates  per  year 
can  not  be  considered  as  satisfactory,  as  at  that  rate  20  years  will  be  required 
solely  for  the  measurement  and  reductions  of  the  1,260  plates  of  the  flrst  cata- 
logue. If  we  allow  the  same  length  of  time  for  the  second  series  of  1,260  plates, 
there  will  be  required  20  years  more  of  incessant  labor;  in  all,  40  years.  In 
order  that  we  ourselves  may  complete  the  work  in  a  reasonable  length  of  time 
It  will  be  necessary  to  organize  a  department  for  the  measurement  of  photo- 
graphic plates  similar  to  those  organized  by  the  Paris  and  Oxford  Observatories* 
which  will  work  with  some  10  instruments  and  a  staif,  competent,  experienced, 
and  unchanging.  Without  this  all  ideas  of  an  early  completion  of  the  work  by 
us  are  mere  phantasies.  Fortunately  for  us,  there  seems  to  be  some  prospect 
of  having  a  part,  at  least,  of  our  plates  measured  elsewhere.  We  have  lately 
received  a  letter  from  Prof.  Turner,  in  which  he  proposes  to  measure  some  of 
our  plates  in  the  zones  — 17*  to  —20*  at  the  Oxford  and  Hyderabad  observa- 
tories, and  we  have  found  his  proposal  quite  acceptable.  I  have  made  inquiries 
at  the  British  legation  in  Santiago  and  the  British  minister  has  given  me  every 
kind  of  facility  for  sending  the  plates  to  Oxford  through  the  offices  of  the  lega* 
tion.  We  ore  now  preparing  for  shipment  a  number  of  our  plates  in  the  zones 
— 19*  and  — 20*. 

At  present  we  are  preparing  the  first  volume  of  our  photographic  catalogue^ 
which  will  contain  the  star  from  the  following  plates,  all  in  zone  —17* :  Nos. 
1,  2,  a  6.  6, 11, 12.  82,  51,  62,  54,  55,  56.  58.  50.  61.  75,  76.  77.  78.  80.  81,  86.  87.  88, 
89,  and  90.  This  catalogue  will  be  published  in  more  complete  form  than  those 
of  the  other  observatories  in  that  along  with  the  rectilinear  coordinates  will 
be  given  the  equatorial  coordinates  of  the  stars  for  the  equinox  of  1900.  com- 
imted  by  means  of  the  simple  fbrmulie  of  Obrecht  given  in  the  preceding  chapter. 

Vm.   CONCLtJSION. 

In  an  address  before  the  American  Association  for  the  Advancement  of 
Science  at  Atlanta.  Ga.,  in  December,  1913,  the  well-known  North  American 
astronomer.  Prof.  E.  G.  Pickering,  expressed  certain  criticisms  concerning  the 
work  on  the  Carte  du  Ciel,  the  pertinent  paragraph  of  which  is : 

The  great  work  on  the  chart  of  the  entire  sky,  undertaken  by  the  Paris 
Observatory,  in  cooperation  with  several  others,  is  a  sad  example  of  the  danger 
of  undertaking  a  work  on  too  large  a  scale.  Although  several  observatories 
have  been  continually  at  work  for  a  quarter  of  a  century,  it  has  been  predicted 
that  at  least  50  years  must  elapse  before  it  is  completed,  and  no  positions  of 
any  southern  stars  have  yet  been  published. 

The  present  memoir  has  for  its  object  to  banish  in  part  the  bad  impression 
which  has  been  produced  in  North  America  by  the  criticism  of  Prof.  Pickering 
with  regard  to  the  work,  a  part  of  which  the  Astrographic  Congress  of  Paris 
saw  fit  to  intrust  to  our  observatory,  and  to  create  new  bonds  of  scientific 
cooperation  with  the  North  Americans  who  take  part  in  the  sessions  of  the 
Second  Pan  American  Scientific  Congress,  reminding  them  that,  Just  as  our 
observatory  directed  its  first  looks  at  the  beautiful  contellations  of  the  southern 
«ky  through  the  telescope  of  Gillis,  to-day,  more  than  ever,  the  cooperation  of 
all  of  them  would  be  beneficial  to  us.    Thus  we  would  be  able  the  better  to 
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folfiU  those  hopes  so  well  expressed  by  the  French  minister  of  foreign  rela- 
tions, M.  Flourens,  when  he  said  at  the  inau^jrurnl  session  of  the  Paris  Astro* 
graphic  Congress : 

It  is  a  great  woric  which  you  are  about  to  undertalce  and  bring  to  a  success* 
ful  conclusion,  thanks  to  the  enlightenment  which  you  bring  to  us  from  all 
parts  of  the  globe.  In  the  pursuit  of  this  work  you  will  have,  no  doubt,  the  8up» 
port  of  all  the  Governments  which  toHlny  are  animated  by  a  noble  emulation  for 
the  development  of  science.  In  any  event  the  help  of  the  Government  of  the 
French  Republic,  in  whose  name  I  have  the  honor  of  speaking,  is  assured. 

You  will.  In  cordial  and  fruitful  understanding,  lay  the  foundation  for  the 
construction  of  a  chart  of  the  heavens,  the  precision  of  which  will  much  exceed 
not  only  what  has  been  realized,  but  also  all  that  up  to  this  day  one  could  have 
dreamed  possible.  By  a  wonderful  application  of  photography,  that  art  so  rich 
in  unforeseen  results,  you  will  direct  the  human  eye  into  depths  it  had  not 
been  thought  possible  to  penetrate  with  tlie  most  powerful  telescopes.  The 
number  of  stars,  unknown  to  us  now,  whose  existence  will  thus  be  revealed.  Is 
incalculable. 

It  will  be  for  your  names,  gentlemen,  an  everlasting  glory  to  have  brought 
your  precious  collnborntion  to  the  inauguration  of  so  great  an  undertaking, 
and  the  day  of  the  opening  of  this  congress  will  mark  an  era  In  the  annals 
of  human  science.  We  enter  upon  a  new  age  in  physical  as  well  as  mathe- 
matical astronomy,  which  will  have  at  its  disposal  a  new  means  of  inves- 
tigation of  control  and  of  precision,  which  will  increase  In  indefinable  propor- 
tion the  facility  of  its  researches.  You  are  about  to  write  the  first  authentic 
page  of  the  transformations  and  modifications  of  cosmic  matter ;  In  other  words, 
of  tlie  history  of  the  universe  itself. 

BEFEHENCES. 

Jacoby,  Harold.  The  Astro-Photographic  Chart  Astronomy  and  Astro- 
Physics.    Vol.  XII.    1803.    Pages  317-121. 

A  new  apparatus  for  measuring  photographic  plates.  Astronomy  and  Astro- 
physics.   Vol.  XII.    1803.    Page  512. 

Khempke,  Dorothea.  The  Bureau  of  Measurements  of  the  Paris  Observatory. 
Astronomy  and  Astro-Physics.    Vol.  XII.    1803.    Pages  783-788. 

Favaro,  G.  A.  Sulle  correzioni  alle  letture  del  cerchl,  fatte  col  microscopic 
micrometrico.    Rendiconti  della  R.  Accademla  del  LlnceL    1013. 

Bulletin  du  Comity  International  Permanent  pour  1*  ex^ution  photographlque 
de  la  Carte  du  Ciel.    Vol.  I,  II,  III.    PaHs,  1802, 1805,  and  1000. 

The  following  papers  were  presented  by  the  writers  and  were  offi- 
cially received  and  inserted  in  the  program  at  the  time  of  the  con- 
gress. They  are  not  printed  in  the  Proceedings  of  the  Second  Pan 
American  Scientific  Congress,  owing  to  the  fact  that  they  do  not  con- 
form to  the  prescribed  divisions  of  subject  matter  to  be  treated  in  this 
congress: 

"  Moci6n  de  ref  orma  panamericana  decimal  perpetua  tropical,"  by 
fiodolfo  Aguilar  Batres,  Guatemala  City,  Guatemala. 

"Algimos  fenomenos  de  criptocroismo  en  luz  solar  ultraviolets  e 
infra-roja,"  by  Gustavo  Michaud  y  J.  Fidel  Trist&n,  San  Jose,  Costa 
Rica. 

Session  adjourned  to  meet  Friday  morning,  December  31,  1915. 


SESSION  OF  SUBSECTION  B  OF  SECTION  IL 

Cabkbgib  Institution, 
Wednesday  afternoon^  December  69^  1916. 

Chairman,  Chabubs  F.  Mabvin. 

The  meeting  was  called  to  order  at  2.30  o'clock  by  the  chairman. 

The  Chairman.  Before  we  take  up  the  regular  program  the  chair- 
man of  Section  II  has  some  announcements  to  make. 

Chairman  Woodward.  The  chairman  of  the  section  would  like  to 
announce  the  membership  of  the  committee  of  which  the  section  au- 
thorized the  appointment  at  the  first  session  of  yesterday.  It  will 
be  recalled  that  the  motion  authorizing  the  appointment  of  this  com- 
mittee was  to  the  effect  that  there  should  be  five  members,  of  whom 
the  chairman  of  the  section  should  be  one.  The  committee  will  con- 
sist, therefore,  of  the  chairman  of  the  section ;  of  Prof.  Marvin,  rep- 
resenting the  United  States;  Prof;  Millds,  representing  the  West 
Indian  and  Central  American  countries;  of  Prof.  Clayton,  of  the 
Argentine  meteorological  sa*vice;  and  of  Seiior  Luis  Morandi,  rep- 
resenting the  corresponding  meteorological  service  of  Uruguay. 

The  Chairman.  I  will  now  ask  for  the  paper  of  J.  F.  Voorhees, 
of  the  United  States  Weather  Bureau,  Elnoxville,  Tenn.,  on  "  Climatic 
control  of  cropping  system  and  farm  operations." 

CLIMATIC  CONTROL  OF  CROPPING  SYSTEMS  AND  FARM 
OPERATIONS. 

By  J.  P.  VOORHEES. 
Meteorologist,  United  States  Weather  Bureau,  Knoxville,  Tenn. 

It  is  intended  to  confine  this  discussion  to  the  broad  and  comparatlyely  un- 
changing features  of  climate  and  to  disregard  the  more  changeable  features  of 
weather.  This  is  necessary  in  a  study  of  this  character  because  weather  con- 
ditions vary  so  greatly  from  year  to  year  that  the  plans  based  on  the  experience 
of  one  year  might  be  a  failure  forever  after. 

The  average  conditions  of  temperature,  rainfall,  and  growing  season  at  a 
given  place  for  a  long  period  of  years  will  he  found  to  be  almost  Identical  with 
the  averages  for  any  similar  period  at  the  same  place. 

The  object  of  this  paper  is  to  prove  that  all  successful  cropping  systems  are, 
and  of  necessity  must  be,  based  on  climatic  conditions.  They  must  have  suffi- 
cient flexibility  to  allow  for  departures  from  average  conditions,  but  they  must 
have  the  average,  or,  in  the  case  of  rainfall,  something  l)elow  the  average,  for 
a  foundation. 
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The  esrpresslon,  cropping  system,  as  used  here  does  not  refer  to  diversified 
farming  as  against  growing  the  same  crop  year  after  year,  nor  to  crop  rotations^ 
but  has  reference  only  to  the  number  of  cvqiqb  grown  successively  on  one  piece 
of  ground  In  one  year.  For  example,  we  may  have  a  rotation  of  crops — com 
this  year,  spring  wheat  next  year,  and  oats  the  year  after ;  but  if  we  grow  but 
one  of  tliese  crops  each  year  we  have  what  we  will  call  a  one-crop  system. 

If  we  are  able  to  grow  two  crops  each  year — a  winter  cover  crop  and  a  sum- 
mer crop  of  some  kind — we  have  a  two-crop  system.  In  some  climates  there  ia 
no  winter  ond  tlie  numl)er  of  successive  crops  that  can  be  grown  In  a  year  is 
limited  only  by  the  length  of  time  required  by  each  crop.  In  such  a  climate  we 
would  be  using  a  continuous-crop  syst^n.  Almost  any  rotation  may  be  used 
with  any  of  these  cropping  systems. 

Having  explained  the  usage  of  the  terms,  climate  and  cropping  system,  we 
are  now  to  discuss  climatic  control  of  cropping  systems.  There  are  two  kinds 
of  control — positive  control  and  negative  control.  Where  conditions  are  such  that 
a  certain  crop  is  prevented  from  growing  we  would  have  negative  controL 
Positive  control  Implies  power  to  Impose  a  penalty  for  failure  to  do  a  certain 
thing.  Climate  has  that  power  and  says  to  the  fanner,  ^  You  not  only  may  but 
must  use  a  two-crop  system  where  conditions  are  such  as  to  make  a  two-crop 
fiystem  possible.    Violation  of  this  rule  is  always  followed  by  heavy  penalties.**^ 

While  each  of  the  many  elements  that  go  to  make  up  a  climate  has  its  in-  , 
fluence  on  crops  we  will  consider  only  three  at  this  time.    The  first  is  rainfall, 
which  we  will  study  from  two  standpoints — amount  and  distribution. 

Each  crop  requires  a  definite  amount  of  water  to  enable  it  to  grow  and  reach 
maturity.  This  amount  is  different  for  different  crops.  To  grow  a  crop  re- 
quiring 4  inches  of  water,  a  rainfall  of  4  inches  is  necessary  plus  an  omount,  let 
us  say,  6  Inches,  that  will  be  lost  by  evaporation,  percolation,  and  surface 
drainage,  or  10  Inches  in  all. 

If  this  crop  is  gro%vn  for  several  years  it  will  be  found  that  it  is  not  enough 
to  have  an  average  rainfall  of  10  inches,  but  that  10  inches  must  be  the  mini- 
mum. Therefore  the  crop  in  question  could  not  be  used  in  a  climate  having  a 
minimum  rainfall  of  less  than  10  inches  during  its  period  of  growth,  and  some 
other  crop  requiring  less  water  must  be  used  in  Its  stead.  Again,  in  some 
localities  there  is  not  enough  rainfall  during  the  entire  year  to  grow  any  crop, 
and  we  must  conclude  that  the  amount  of  rainfall  is  one  of  the  factors  exercis- 
ing negative  control  over  cropping  systems. 

Next  In  Importance  to  the  amount  of  rainfall  Is  its  distribution  through 
the  year.  A  comparatively  small  amount  of  rainfall  distributed  evenly  through 
the  period  when  crops  are  growing  may  be  of  far  greater  value  than  a  larger 
amount  coming  all  at  one  period.  In  many  regions  where  all  other  condi- 
tions are  favorable  and  where  there  is  ample  rainfall  to  keep  crops  growing 
all  the  year,  if  It  were  properly  distributed,  we  find  that  all  the  rain  falla 
In  a  few  months  and  during  the  rest  of  the  year  nothing  Is  able  to  grow. 
Distribution  of  rainfall,  therefore,  also  exercises  a  negative  control  over  crop- 
ping systems. 

A  second  climatic  factor,  which  is  also  a  negative  limiting  factor,  is  length 
of  growing  season.  By  growing  season  is  meant  that  period  during  which 
temperature  is  high  enough  for  plants  to  grow.  The  growing  season  may  vary 
ftom  nothing  to  the  whole  year,  depending  upon  latitude  and  altitude. 

The  third  climatic  foctor  to  be  mentioned  is  the  intensity  of  the  heat  Heat 
Intensity  will  be  considered  in  its  effect  upon  crops  and  upon  certain  forms  of 
animal  life. 
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Tbat  heat  Intensity  has  a  mnrked  effect  on  the  length  of  time  required 
for  certain  crops  to  matare  is  shown  hy  studies  carried  on  by  the  writer  In 
cooperation  with  the  University  of  Tennessee  Agricultural  Experiment  Station 
and  certain  stations  of  tlie  Weather  Bureau  of  the  Department  of  Agricul- 
ture. The  crops  studied  were  three  varieties  of  soy  beans  and  Indian  corn  or 
mnlxe.  This  study  luis  been  carried  on  for  a  period  of  eight  years  and  covers 
a  territory  extending  from  the  Gulf  to  the  Great  L4ike8  and  from  the  Atlantic 
to  the  Rocky  Blountains.  Records  were  kept  of  dates  of  planting,  emergence, 
blooming,  and  ripening,  together  with  the  daily  maximum  and  minimum  tem- 
peratures and  rainfall.  It  was  found  tlmt  between  plantings  made  at  the 
same  date,  but  at  places  having  different  temperature  conditions,  there  was  a 
wide  difference  In  the  length  of  time  requhred  for  the  different  stages  of  growth. 
A  similar  difference  was  found  between  plantings  made  at  different  dntes  at 
the  same  place.  These  variations  were  always  In  the  same  direction,  but  dif- 
ferent in  amount  It  appeared  that  the  higher  the  mean  temperature  the 
shorter  the  time  required  for  the  plant  to  reach  a  certain  stage.  The  impor- 
tance of  this  fact  can  be  realized  only  when  we  consider  the  magnitude  of  the 
variations  In  question.  Take,  for  example,  the  mammoth  yellow  soy  bean.  In 
the  period  from  planting  to  blooming  there  was  found  a  variation  of  01  days. 
The  minimum  period  was  42  days  and  the  maximum  133  days.  The  variation 
was  more  than  twice  as  long  as  the  shortest  period.  In  order  to  get  some 
Idea  of  how  much  of  this  variation  was  due  to  variations  In  temperature  a 
correlation  table  was  made  between  the  mean  temperature  and  the  length  of 
time  from  planting  to  blooming. 

There  had  been  50  plantings  of  this  variety  of  beans.  The  correlation  coeffi- 
cient was  —0.76,  with  a  probable  error  of  ±0.05.  This  coefficient  Is  15  times 
the  probable  error  and  shows  a  marked  relationship.  Calculating  the  coefficient 
of  regression  in  time  with  respect  to  temperature.  It  was  found  that  a  variation 
of  1*  In  temperature  should  cause  an  opposite  variation  of  4.15  days  in  the 
time  required  for  this  stage  of  their  growth. 

A  correlation  table  between  mean  temperature  and  the  length  of  the  period 
firom  emergence  to  blooming  of  Indian  corn  at  Wauseon,  Ohio,  gives  a  coeffi- 
cient of  —0.79,  ±0.05.  In  this  case  the  variations  were  not  so  grent  as  In 
the  case  of  the  mammoth  yellow  soy  beans,  but  the  correlation  is  n  little 
greater.  The  regression  coefficient  shows  that  a  variation  of  1*  In  mean 
temperature  causes  an  opposite  variation  of  8.2  days.  A  similar  correlation 
was  found  for  plantings  made  at  widely  separated  places.  The  correlation 
t>etween  temperature  and  the  stage  from  blooming  to  maturity  was  similar 
to  the  other,  but  somewhat  less  marked  for  both  the  soy  beans  and  the  corn. 

We  may,  therefore,  reasonably  assume  that  an  increase  In  Intensity  of  heat 
decreases  the  length  of  time  required  for  plants  In  general  to  pass  through 
the  various  stages  of  growth.  It  is  not  assumed  that  variation  In  Intensity  of 
heat  Is  the  only  factor  that  causes  variation  In  the  time  required  for  a  plant 
to  make  its  growth ;  but  that  It  Is  an  important  factor  can  not  be  questioned. 

The  Influence  of  heat  Intensity  on  animal  life  was  brought  out  In  a  similar 
way  by  a  study  of  the  nonparasitic  stages  of  the  Texas  fever  cattle  tick,  Bfar- 
garopus  Annulatus.  Using  the  data  on  the  length  of  Incubation  period  at 
Dallas,  Tex.,  as  published  in  Bulletin  No.  72,  Bureau  of  Entomology,  by  W.  D. 
Hunter  and  W.  A.  Hooker,  and  temperature  data  from  the  reconls  of  the  local 
office  of  the  United  States  Weather  Bureau  at  Dallas,  a  correlation  table  was 
made.  The  coefficient  of  correlation  was  —0.93,  which  Is  more  than  70  times 
the  probable  error  of  ±0.018.  This  would  Indicate  that  the  length  of  the 
Incubation  period  Is  controlled  almost  entirely  by  heat  Intensity.    The  tern- 
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perature  control  of  the  length  of  the  seed-tick  stage  is  almost  as  great  Again 
we  have  an  inverse  ratio,  and  the  more  intense  the  heat  the  shorter  the  non- 
imrasitic  stages  of  this  pest  Temperature,  therefore,  determines  the  length  of 
time  required  for  extermination  operations  and  helps  determine  the  best  time 
for  those  operations. 

Having  considered  the  three  dimatic  fftctors—rainf all,  length  of  growing  sea- 
son, and  heat  intensity — ^we  will  now  take  up  a  few  combinations  of  these 
fftctors.  or.  in  other  words,  a  few  types  of  climate.  We  will  first  consider  the 
continual  crop  climate  or  a  climate  where  crops  can  be  grown  all  the  year  round. 
Such  a  climate  has,  first  a  continual  growing  season  or  no  temperature  low 
enough  to  stop  the  growth  of  crops,  and,  second,  an  annual  rainfall  sufficient  In 
quantity  and  properly  distributed  through  the  year  to  keep  crops  growing  all 
the  time.  These  two  factors  are  essential  to  this  type  of  climate,  while  heat 
intensity  is  only  a  modifier  which  determines  the  number  of  crops  that  may  be 
grown  each  year  and  also  the  number  of  broods  of  various  Insect  pests  that  must 
be  combated.  The  higher  the  temperature  the  shorter  the  period  that  each  crop 
will  require  and  greater  the  number  of  crops  that  may  be  grown. 

A  continuous-crop  climate  may  be  transformed  into  a  two-crop,  a  one-crop,  or 
a  no-crop  climate  by  varying  its  factors.  A  gradual  decrease  in  the  amount  of 
rainfall  would  at  a  certain  point  give  a  direct  transition  to  a  no-crop  climate. 
A  change  in  distribution  of  rainfall  whereby  an  Increasing  part  of  the  year  be- 
-comes  dry  while  the  remainder  has  sufficient  rainfall  for  crop  growth  will  gradu- 
ally reduce  the  number  of  cn^  to  none.  A  decrease  in  length  of  growing  sea- 
son will  also  gradually  reduce  the  number  of  crops  that  can  be  grown  in  n 
year  to  sero. 

We  will  next  consider  the  one-crop  dlmate.  This  climate  probably  covers  a 
greater  area  than  any  other.  It  includes  all  territory  having  a  growing  season 
of  less  than  200  days  and  also  a  large  territory  liaving  a  longer  growing  season 
but  a  short  rainy  season.  In  this  great  r^on  the  climatic  control  Is  primarily 
negative.  Rainfall  or  growing  season,  or  both,  limit  us  to  one  crop  each  year. 
There  is  an  element  of  positive  control  also,  but  as  this  element  Is  much  more 
marked  In  the  region  having  a  two-crop  climate  It  will  be  discussed  In  that 
connection. 

The  two-crop  climate  must  have  a  growing  season  of  200  days  or  more,  and 
probably  not  less  than  50  Inches  of  rain  evenly  distributed  through  the  year. 

The  southeastern  portion  of  the  United  States  has  a  good  two-crop  climate. 
There  Is  very  little  preventive  control  here.  The  sunmiers  are  long,  the  winters 
mlid,  and  the  rainfall  Is  abundant  and  well  distributed.  Almost  any  crop  will 
grow  In  one  part  of  the  year  or  another,  and  conditions  are  most  favorable  for 
the  growth  of  a  winter  and  a  summer  crop  each  year.  All  that  Is  necessary 
Is  to  use  proper  tillage  methods  to  prevent  surface  drainage  and  conserve  the 
abundant  ralnfalL 

We  have  seen  that  In  certain  regions  climate  has  said  to  man,  **  Tou  may  not 
grow  anything  here."  In  oth^  great  r^ons  it  has  said,  "  You  may  grow  one 
crop  here,  but  no  more."  In  a  third  region  It  has  said,  "You  may  grow  two 
<:rops,"  and  so  on.  All  this  Is  merely  negative  control.  We  are  given  pa*mis- 
slon  to  go  thus  far  but  no  farther.  We  will  now  consider  the  positive  side  of 
<:llmatic  control  and  endeavor  to  point  out  where  the  "must"  comes  In;  or, 
In  other  words,  what  we  must  do  and  why  we  must  do  It 

In  all  regions  we  must  grow  the  greatest  number  of  crops  possible ;  or,  to  put 
It  another  way,  we  must  keep  something  growing  on  the  ground  all  the  time 
that  conditions  are  favorable.  We  must  do  this  because  if  we  do  not  our  farms 
will  be  taken  from  us.    The  case  is  exactly  comparable  with  the  parable  of 
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the  talents,  and  to  him  that  uses  his  farm  to  the  limit  shall  be  given  abundant 
crops,  wliile  from  him  thnt  uses  it  not  shall  be  taken  his  farm. 

How  is  the  farm  to  be  taken  away?  Not  ail  at  once,  of  course,  but  gradually, 
slowly  at  firstt  but  with  steadily  increasing  rapidity.  The  first  tiling  to  go 
will  be  available  nitrogen. 

This  statement  is  based  on  the  results  of  an  experiment  conducted  by  Prof. 
O.  A.  Mooers,  agronomist  of  the  University  of  Tennessee  Agricultural  Experi- 
ment Station.  Four  kinds  of  soil  were  used,  and  the  experiment  covered  a 
period  of  five  years. 

It  was  found  that  the  average  loss  of  nitrogen  in  the  five  years  from  the 
four  soils  when  cropped  was  5.2  per  cent  In  every  case  the  amount  removed 
by  the  crop  was  greater  than  the  net  loss  to  the  soil  showing  that  under  crop 
conditions  the  soil  gains  nitrogen  from  some  source,  probably  the  air. 

On  the  uncropped  soil  the  average  loss  of  nitrogen  for  the  four  soils  for  the 
five  years  was  14.4  per  cent  or  nearly  three  times  the  loss  In  the  cropiietl  soil. 

The  next  thing  to  disappear  is  humus,  and  the  soil  soon  liegins  to  bake,  and 
the  rain,  not  being  able  to  soak  In,  runs  off  on  the  surface  and  erosion  begins. 
After  that  the  story  is  a  short  one,  and  in  a  few  years  we  see  the  bare  knolls, 
gullied  hillsides,  and  debris-covered  bottoms  of  the  typical  abandoned  farm. 
Thousands  of  such  farms  may  be  seen  in  this  great  two-crop  section.  The 
owners  have  been  driven  out  by  an  outraged  climate  because  they  refused  to 
use  the  bountiful  supply  of  heat  and  moisture  showered  upon  them.  It  Is  the 
penalty  Inflicted  by  nature  for  failure  to  adapt  our  cropping  system  to  climatic 
conditions.  This  is  not  a  question  of  theory  or  speculation,  for  it  has  been 
proved  many  times  by  those  who  have  bought  these  deserted  farms  and,  by 
proper  sj'stems  of  cropping,  have  increased  their  productiveness  until  tliey  are 
better  than  they  were  before.  There  can  be  no  question  that  a  cropping  system 
which  can  reclaim  a  worn-out  farm  can  prevent  a  good  farm  from  wearing  out 

In  conclusion,  it  is  desired  to  emphasize  four  points: 

First  Climate  demands  that  our  cropping  systems  be  so  planned  that  they 
make  use  of  all  favorable  climatic  conditions. 

Second.  To  do  this  to  the  best  advantage  the  time  required  for  each  crop  to 
mature  under  any  given  conditions  must  be  known. 

Third.  The  effect  of  variations  in  heat  intensity  upon  the  various  stages  of 
the  life  history  of  insect  pests  should  also  be  known. 

Fourth.  Tills  is  not  a  problem  for  isolated  workers.  The  only  economical 
way  to  attack  it  and  the  only  way  we  can  hope  to  get  it  done  in  this  generation 
is  through  cooperation.  The  data  must  be  gathered  from  many  sources  iMi 
widely  distributed  as  possible  and  then  tabulated  at  some  central  point  In 
this  way  a  large  body  of  data  could  be  gathered  in  a  few  years  and  results 
obtained  that  would  be  hopelessly  beyond  the  reach  of  any  individual. 

The  Chairman.  This  paper,  like  the  last  one  we  had  yesterday, 
illustrates  applied  meteorology  and  how  the  results  of  meteorological 
observations  can  be  used  to  economic  advantage  in  agriculture.  The 
paper  is  now  before  you  for  discussion. 

Mr.  Fassio.  I  would  like  to  ask  Mr.  Voorhees  what  is  his  method 
of  calculating  the  temperature  efficiency,  and  whether  it  is  simply  the 
daily  mean,  or  did  he  allow  for  increased  activity  and  growth  with 
a  higher  temperature. 

Mr.  Voorhees.  So  far  I  have  only  used  the  daily  mean  tempera* 
ture.  I  started  with  the  total  effective  temperature,  but  in  making 
eSiSC^—voLn— 17 ^9 
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the  correlation  between  that  and  the  length  of  time  I  found  I  had  time 
on  both  sides,  and  I  cut  that  out  and  used  the  mean. 

Mr.  Fassig.  Some  experiments  were  conducted  in  Maryland  in  con* 
nection  with  the  Maryland  weather  service,  by  Dr.  Livingston,  of 
Johns  Hopkins,  in  which  he  made  use  of  the  greater  activity  of 
growth  of  plants  in  connection  with  increased  temperature,  the 
growth  being  almost  doubled  with  every  18  degrees  increase  of  tem- 
perature. 

Mr.  J.  Warren  Smfth.  Mr.  Chairman,  I  wish  to  commend  this 
paper  most  heartily  and  to  emphasize  the  fourth  recommendation, 
that  the  work  must  be  taken  up  in  cooperation  with  other  agencies. 
In  connection  with  the  correlation  between  the  length  of  time  for 
the  development  of  the  soy  bean  and  the  temperature,  I  should  like 
to  inquire  whether  that  was  all  at  one  place.  The  correlation  was 
made  for  com,  and  it  showed  the  effect  of  the  increased  temperature 
in  shortening  the  period.  Now,  was  the  soy  bean  correlation  made 
at  one  place,  or  is  it  true  that  you  compare  one  place  of  lesser  tem- 
perature with  another  region  of  higher  temperature  and  shorten  your 
period  in  that  way? 

Mr.  VooRHEES.  It  worked  both  ways.  We  had  more  plantings  at 
ICnoxville  than  anywhere  else.  We  had  early  and  late  plantings 
under  different  temperature  conditions.  Probably  three-fourths  of 
those  observations  were  taken  at  scattered  places,  as  far  north  as 
Duluth,  as  far  west  as  North  Platte,  east  to  the  coast,  and  south  nearly 
to  the  Gulf,  and  that  coefficient  of  0.76  was  made  up  from  50  of  those 
observations  scattered  throughout  this  section  of  country. 

I  might  say,  in  regard  to  com,  that  I  have  not  had  as  many  ob- 
servations, but  have  had  a  number  of  them  from  widely  distributed 
points.  I  did  not  have  as  many  data,  but  they  gave  a  similar  correla- 
tion. 

The  Chairman.  If  there  is  no  further  discussion,  I  will  announce 
the  next  paper,  **  The  climate  of  Cuba,**  by  Rev.  Mariano  Gutierrez- 
Lanza,  S.  J.,  subdirector  of  the  Observatory  of  the  College  of  Bel£n, 
of  Habana,  Cuba. 
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Por  BIARIANO  GUTlfiRREZ-LANZA  S.  J., 
Subdirector  del  Obiervatorio  del  Colegio  de  Bel&n,  Habana. 

Fu^  pensamiento  hondamente  arraigado  en  el  dnlmo  del  Bar^n  Alejandro  de 
Humboldt,  Uu niado  el  segundo  descubridor  de  America  por  bus  celeb^rrlmos 
trabajofl  con  que  la  dl6  a  conocer,  que  el  estudio  de  la  dindmlca  de  la  atm^sfara 
terrestre  con  sus  corrlentes  generales,  sus  movimientos  regulares,  sus  central 
principales  de  accl6n,  debfa  empesar  por  la  sona  tropical,  donde  se  haUa  ti 
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centro  primordial  de  bus  variaciones,  la  genesis  que  da  origen  y  mantieDe  el 
movimieDto  de  esa  magna  circulaci6n  perenne  de  la  atmOsfera,  que  eetablece  el 
Intercambio  de  los  Polos  con  el  Ecuador  y  del  Ecuador  con  todas  las  souas  de 
la  tierra. 

La  determinaci6n  de  las  leyes  que  regulan  en  nuestra  atm^sfera  la  dlstribu- 
ci6n  del  calor,  la  presi^n  barom^trica,  ei  yapor  de  agua,  la  electricldad,  todo 
ello  en  relacl6n  con  los  movimientos  que  el  calor  solar  engendra  en  la  capa 
superficial,  s61ida,  Ifqulda  y  gaseosa,  es  un  problema  general  de  ffsica ;  pero  el 
ni^ero  de  causas  perturbadoras  y  las  reacciones  de  unos  y  otros  fen^menos,  de 
tal  manera  complican  el  desenvolvimiento  de  causas  y  efectos,  que  se  hacen  in- 
dispensables  numerosos  datos  de  experiencia  para  Uegar  a  la  soluci6n  de  los 
diferentes  problemas. 

De  aqul  la  necesldad  de  escoger  puntos  de  obserYaci6n  blen  distribuidos  en 
lugares  cientfficamente  estrat^cos,  para  esplorar  el  modo  de  obrar  de  todos 
esos  agentes  individuales  en  los  principales  centros  de  acci6n  generativa,  reunlr 
series  largas  de  observaclones  regulares  que  nos  revelen  la  marcha  normal  de 
esos  fen6meno8,  establecer  leyes  empfricas  para  cada  uno  de  los  factores  que 
intervienen  m&s  o  menos  eflcazmente  en  la  vlda  de  ese  compUcadfslmo  organlsmo, 
y  asf  abordar  la  8oluci6n  del  problema  fundamental  del  mecanlsmo  atmosf^ico. 
La  atm<3sfera  terrestre  en  conjunto  es  una  m&qulna  inmensa,  productora  de 
muchos  millones  de  caballos  de  fuerza  por  bora  y  por  mlnuto,  de  cuyo  trabajo 
depende  la  conservacl6n  de  la  vlda  universal  en  toda  la  tierra.  Prescindamos 
abora  de  su  acci6n  qufmlco-orgdnica  en  la  respiraciOn  animal  y  vegetal,  para 
fijarla  solamente  en  el  trabajo  mecdnico  que  realiza'  en  el  trasporte  de  energfa 
del  Ecuador  a  los  Polos  y  de  los  Polos  al  Ecuador,  dejando  en  su  camino  deriva- 
ciones  varias,  conforme  a  las  necesldades  de  las  dlversas  latitudes  intermedins. 

Todo  este  inmenso  trabajo  lo  realiza  la  atm6sfera  con  su  gran  movimiento 
de  circulaci6n.  En  efecto,  el  aire  recalentado  en  las  zonas  ecuatoriales  se 
eleva  a  las  regiones  elevadas  de  la  atm6sfera  llevando  consigo  grandes  canti- 
dades  de  calor,  que  trasporta  u  his  regiones  polares  e  intermedins  donde 
desdende  a  las  capas  inferiores,  entregando  el  calor  a  sus  habitantes  y  tomando 
cargamento  contrario  de  frfo  intenso,  para  emprender  de  nuevo  vlaje  al 
Ecuador  con  su  nueva  preciosa  carga  y  refrigerar  con  ella  aquellas  ardientes 
latitudes. 

El  trabajo  desarrollado  por  esta  circulaci6n  general  del  aire  atmosf^ico 
es  inmenso  y  el  beneficio  incalculable,  pero  todavfa  ese  beneficio  es  insignifl- 
cante  comparado  con  el  que  representa  el  vapor  de  agua  que  acompaHa,  disuelto 
en  el  aire,  a  esa  circulaci6n  general.  El  aire  atmosf^rico,  llegado  de  altas 
latitudes  frfo  y  seco  a  las  regiones  tropicales  de  la  zona  t6rrida,  se  caldea 
en  ellas  por  la  acci6n  intensa  de  un  sol  tropical  y  absorbe  enormes  cantidades 
de  vapor  de  agua,  procedente  de  la  evaporaci6n  intensa  en  la  superflcie  de 
los  mares  ecuatoriales  donde  el  agua  est&  a  temperatura  elevada,  la  atmdsfera 
ealdeada  y  donde  los  vientos  continuos  traen  a  cada  instante  nuevas  masas 
de  aire,  que  se  elevan  provistas  de  la  preciosa  carga  para  dar  lugar  a  otras 
nuevas  que  van  llegando  sin  cesar. 

La  cantidad  anual  de  vapor  de  agua  que  por  efecto  de  esta  evaporaci6n 
se  eleva  de  la  superflcie  de  las  aguas  en  las  zonas  tdrridas  intertropicales 
es  verdaderamente  enorme.  De  ella  una  parte  vuelve  a  caer  en  forma  de 
lluvias  locales,  que  no  alcanza  a  la  mitad  de  la  cantidad  evaporada.  Todo 
lo  restante  es  tnuq[)ortado  por  las  corrientes  atmosf^ricas  en  estado  de  vapor 
a  mUm  elevadas  latitudes,  donde  se  condensa  de  nuevo  en  forma  de  lluvias 
y  nieves,  fertilizando  el  suelo  y  alimeutando  los  rfos  y  fuentes  de  las  regiones 
polares  e  intermedins  para  beneficio  general. 
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Ademas,  es  blen  sabido  que  el  agua  al  pasar  al  estado  de  vapor  absorbe 
una  cuntidad  grande  de  calor,  que  conserva  Integra  en  estado  latente  por 
todo  el  tienipo  que  permanezca  en  ese  estado,  y  que  devuelve  tambi^  Integra 
al  camblar  de  estado  y  convertirse  en  lluvia  o  nleve. 

El  calor  absorbldo  por  el  agua  en  estn  evaporaci6n  es  tan  considerable, 
que  podria  elevar  a  la  temperatura  de  ebullicidn  una  cantidad  de  agua  cinco 
veces  mayor  que  la  cantidad  de  agua  evaporada.  Asf  pues,  una  cantidad 
enorme  de  energla  calorfflca  es  trasportnda  cada  alio  del  Ecuador  a  Um 
Polos  por  esta  grandlosa  mdquina  atmosf^rica. 

Un  cdlculo  sencillo  podrfa  dar  Idea  de  la  cantidad  de  vapor  y  de  energfa 
trasportada  anualmente.  Se  admlte  el  valor  de  5  metros  como  el  espesor  de 
agua  evaporada  cada  afio,  como  promedio  para  las  zonas  t6rridas  intertropl- 
cales,  y  asimismo  el  promedio  de  2  metros  para  cantidad  de  lluvia  cufda. 
Queda  una  capa  de  3  metros  de  espesor  que  convertida  en  vapor  es  trasportada 
a  m&8  elevadas  latitudes.  La  extension  de  la  superficie  de  evaporaci6n  en 
esas  zonas  t6rridas  se  evaltia  aproximadamente  en  7  millones  de  millas  geo- 
grdficas  cuadradas.  Puestos  estos  antecedentes,  el  volumen  total  de  agua 
evaporada  alcanza  setecientos  veintiun  tril tones  de  metros  ctkbicos.  DO0 
qulntas  partes  de  esta  fabulosa  suma  se  gastan  en  las  mismas  regionet 
ecuatoriales  en  nubes  y  lluvias  para  beheflcio  de  las  mismas,  pero  las  tres 
quintas  partes  restantes  son  Uevadas  por  las  corrientes  atmosf^ricas  a  las 
regiones  polares  e  intermedias  con  incalculable  beneficio  para  ellas.  La  canti- 
dad de  calor  latente  trasportada  cada  aflo  por  esta  masa  de  vapor  de  agua  de 
la  zona  t6rrida  a  mds  elevadas  latitudes  bastarfa  para  fundir,  dice  el  ilustre 
P.  Secchi,  6  millones  de  millas  geogrdficas  ciibicas  de  hierro. 

Tal  es  la  Inmensa  cantidad  de  calor  que  cada  alio  viaja  de  riguroso  inc6gnito 
del  Ecuador  a  los  Polos,  pnsando  por  las  regiones  intermedias  sin  ser  apercl- 
bidas  ni  aun  sospechadas  por  el  hombre.  Este  intercambio  calorffico  entre  las 
regiones  ecuatoriales  y  polares  es  igualmente  ventajoso,  y  m&s  que  ventajose 
Indispensable  para  ambns  regiones  para  mitigar  los  rigores  de  sus  climas  res- 
pectivos,  que  de  otro  modo  serfan  inhabitables.  SI  no  fuera  por  ^1,  la  zona 
t6rrida  tendrla  una  atm6sfera  de  fuego,  y  las  regiones  polares  estarfan  eterna- 
mente  heUidas,  siendo  en  una  y  otras  imposible  la  vida. 

He  aquf  la  grandlosa  mdqulna  que  toca  estudlar  a  la  meteorologfa,  para 
cuyo  estudio  fundamental  y  de  conjunto  se  necesitan  series  de  observaciones, 
lo  mAs  largas  y  completas  que  sea  posible,  en  puntos  dent f flea mente  estratd* 
gicos,  para  la  exploraci6n  de  las  fases  crfticas  de  esa  clrculaci6n  generaL 
Uno  de  csos  puntos  estrat^gicos,  expone  Humboldt  en  su  ensayo  Politico  de 
Cuba,  es  la  Habana  por  hallarse  precisamente  en  los  bordes  de  esa  zona 
tropical,  generadora  de  todos  los  grandes  movlmlentos  de  la  mAqulna  atmos- 
f^rica :  y  la  obra  de  reunir  esa  serle  de  observaciones,  lo  mfts  completa  poslble 
y  larga  ya  de  58  aflos,  la  ha  reallzado  el  Observatorio  del  Golegio  de  Be]6n« 

No  obstante,  el  clima  de  la  Habana  estaba  aun  por  estudlar  y  sus  constantes 
estaban  igualmente  por  determinar.  Exlstfa  si  esa  rica  coleccldn  homogtoea 
de  observaciones  bihorarias  completfsimas  que  hoy  abarca  un  perfodo  de  58 
a  Cos;  pero  no  se  habfa  emprendido  atln  el  trabajo  de  utUizar  tan  rlco  arsenal 
meteoroMgico  para  determinar  el  clima  de  la  Habana  en  el  conjunto  de  los 
agentes  atmosf^ricos  que  lo  constltuyen.  Este  trabajo  es  el  que  hemos  proca- 
rado  desarrollar  en  estos  renglones  cuanto  la  cortedad  del  tiempo  nos  lo  ha 
permitldo  para  presentarlo  a  la  consideraci6n  del  Segundo  Oongreso  Gientfflco 
Pan-Americano,  de  cuya  benevolencia  esperamos  disimule  las  muchas  de- 
fidenclas,  en  parte  debidas  a  la  premura  del  tiempo  en  que  ha  sido  preparado. 
Por  este  mismo  motivo  prlncipalmente,  en  la  mayor  parte  de  los  elementos 
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dimiitoldgicos  no  hemos  tenido  en  cnenta  para  la  constniccit^n  de  las  Tnblas 
todo  el  perfodo  de  afios  que  abarca  la  serte  de  observaciones  del  Observatorio. 
Todas  sin  embargo  comprenden  un  periodo  suficlentemente  Inrgo  imra  dar 
resultados  completamente  fidedignos,  que  representen  el  verdadero  vaUir  de  las 
constantes  cliniato16gicas  para  la  dudad  de  la  Habana.  Las  Tnblas  relatlvas 
al  re8to  de  la  Isla  distan  mucho  de  merecemoe  la  mlsma  conflanza,  y  solo  las 
pies^itamos  con  cardcter  de  valores  aproxlmados. 

INTBODUCC16N. 

La  Isla  de  Cuba,  la  mayor  entre  todas  las  Antlllas,  forma  parte  del  gran 
archlpl^lago  antillano  que  se  extlende  por  toda  la  Inmensa  babfa  centro- 
amerlcana,  y  clerra  las  aguas  del  proceloso  mar  Carlbe  por  su  zona  noroeste 
y  mds  septentrional.  Es  una  lengua  de  tierra,  larga  y  estrecha,  cuya  base  mds 
ancha  se  apoya  en  el  Caribe,  se  tiende  en  una  direcci6n  del  sureste  al  noroeste, 
encorvdndose  en  su  porcl6n  occidental  al  oeste  y  sudoeste  a  medlda  que  se  va 
estrechando  y  termina  en  afllada  puuta  en  la  boca  mlsma  del  Golfo  de  Mexico 
Tigilando  sus  dos  canales  de  entrada  de  norte  y  sur. 

La  Ifnea  recta  entre  Punta  Maisf  y  el  Oabo  de  San  Antonio  mide  una  longltud 
de  poco  mds  de  220  leguas  marinas  y  su  mayor  ancbura  es  de  36  leguas. 

La  conflguraci6n  de  su  suelo  est&  formada  de  tlerras  bajas,  lianas  o  ligera- 
mente  onduladas  en  tres  cuartas  partes  de  su  superflde,  levantdndose  casi  a 
todo  lo  largo  de  la  Isla  una  loma  apenas  sensible,  cuya  elevnciOn  media  oseila 
ttitre  80  y  120  metros  sobre  el  nivel  del  mar,  y  cuyas  vertientes  derraman 
sus  aguas  casi  por  igual  en  el  Carlbe  y  el  Atl&ntlco  en  cauces  que  corren 
perpendicu lares  al  eje  de  la  loma  central,  si  exc^tunmos  algunos  pocos,  entre 
los  cuales  se  cuenta  el  Rto  Cauto,  el  mds  caudaloso  de  la  Isla  en  la  regidn 
oriental,  que  corre  de  este  a  oeste. 

Tres  sistemas  montafiosos  prindpales  ezisten  en  la  Isla  de  Cuba.  £1  primero 
y  mds  Importante  surge  en  su  extremo  oriental  desde  Punta  Maisf  a  Cabo 
Cruz  con  ramificaciones  secundarias  por  el  norte  de  la  provincia.  Adquiere  su 
elevacidn  mdxima  en  Sierra  Maestra  cuyo  Pico  Turquino  alcanza  una  altura 
de  2,339  metros  sobre  el  nivel  del  mar.  Es  el  punto  mds  elevado  de  la  Isla,  y 
desde  su  cunibre  se  divisan  en  dfas  claros  las  Montafias  Azules  de  Jamaica  y 
tambi^n  las  de  la  Isla  de  Santo  Domingo.  El  segundo  empieza  al  oeste  de 
Sancti  Spfritus  y  termina  en  las  cercanfas  de  Clenfuegos,  alcanzando  su  altura 
mdxima  de  064  metros  sobre  el  nivel  del  mar  en  el  Pico  de  Potrerillo.  El 
tercero  ocupo  el  extremo  occidental  de  la  Isla,  desde  cerca  de  Guanajay  basta 
las  ensenadas  de  Cort^  y  Gundlana.  Su  cumbre  mds  elevada  es  ei  Pan  de 
Guajaibon  a  760  metros  sobre  el  nivel  del  mar.  Fuera  de  estas  tres  cad^ias 
ffiontafiosas,  la  pinnicie  baja  y  ondulada,  que  caracteriza  el  suelo  de  Cuba,  se 
kalla  Interrumpida  acd  y  alld  por  algunas  otras  lomas  de  escasa  extensl6n 
y  altura. 

Ocupa  la  Isla  de  Cuba  una  posid6n  geogrdflca  situada  dentro  de  los  Tr6- 
picos,  si  blen  frisando  con  la  Ifnea  que  limita  la  zona  tropical  del  Hemisferlo 
norte.  Hdllase  comprendlda  entre  los  grades  lO""  48'  80",  y  23'*  12'  45" 
Lat  Norte;  y  74*  2'  40"  y  85'  50'  26"  Long.  W.  de  Greenwich.  Sus  costas 
€8tdn  bafiadas  por  las  aguas  cdlldas  de  la  Corriente  Ecuatorial,  especialmente 
su  parte  oeste  donde  intensa  corriente  del  Golfo  bordea  la  Isla  siguiendo  la 
eosta,  tanto  por  el  Carlbe  como  por  el  Golfo,  hasta  doblar  al  norte  ya  mds 
al  este  de  la  Habana  con  rumbo  al  Canal  de  la  Florida. 

Esta  corriente  cdllda,  sin  embargo,  no  se  arrlma  enteramente  a  tierra. 
Entre  esta  y  aquella  fluye  otra  corriente  frfa  en  direcd<^n  opuesta,  procedente 
de  la  corriente  polar  que  desciende  a  todo  lo  largo  de  la  costa  (uriental  de  \o» 
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Estados  Unidos,  se  sumerge  al  extremo  sur  de  la  Florida,  y  pasando  por  debajo 
de  la  Ck>rri^ite  del  Golfo  reaparece  en  las  costas  de  Cuba  algo  m&s  al  este 
de  la  Habana.  De  aqui  se  dirige  hacia  el  oeste,  slgne  la  Unea  costera  del 
Oolfo  y  dobla  por  la  del  Caribe,  lamlendo  slempre  los  arrecifes  de  la  orilla 
y  adqulriendo  en  algunas  partes  intensldad  pellgrosa  para  la  navegacidn. 
Algunos  accldentes  marftimos  ocurridos  en  las  prosclmidades  de  la  Bahla 
de  Ck>rrientes  se  atribuyen  a  esta  causa,  por  no  haber  oontado  con  ella  en 
las  maniobras  de  las  embarcaclones. 

Debe  tatnbi^n  tenerse  en  cuenta  para  el  estudio  del  clima  de  Cuba,  que  la 
Isla  estd  enclavada  en  la  regldn  de  los  Vientos  Alfslos  del  hemisferio  norte  j 
orientada  en  la  direcci<^n  mds  favorable  a  experimentar  el  mayor  beneficlo. 

DATOS  CLIMAT0L6gIC08. 

Las  colecciones  de  datos  estadfsticos  de  obsenraclones  en  Cuba  son  escasaa 
y  de  corta  dunici6n  si  exceptuamos  la  ciudad  de  la  Habana. 

Fuera  de  esta  capital  las  primeras  observaciones  meteorol6gicas  hechas  en 
Cuba  (de  que  hay  memoria)  da  tan  de  1796,  practicadas  en  Ubajay  por  An- 
tonio Uobledo  durante  cuatro  ados  1796-1709,  y  se  refieren  solo  a  la  temperatura. 
Kn  1819  un  observador  desconocido  hizo  observaciones  del  temii^metro  en 
Guanabucua  durante  un  aflo  segUn  refiere  Dove.  En  Matanzas  se  hicieron  por 
A.  Mallory  dos  afios  1832  y  1835  observaciones  completas  de  presi<^n,  tempera- 
tura, huniedad,  lluvia,  viento  y  estado  del  cielo.  Aflo  y  medio  de  observaciones 
en  lus  minas  de  San  Fernando  en  1839  y  1840,  y  10  afios  en  las  mlnas  de  hlerro 
de  FIrmeza  1888-1898  fueron  practicadas  por  John  Blake  y  H.  Yates.  En  Fir- 
meza  probablemente  han  seguido  las  observaciones  hasta  el  presente.  En  Santia- 
go de  Cuba  el  Sefior  Benito  Riera  en  1865  emprendi6  una  serie  de  observa- 
ciones en  el  Instituto  de  Segunda  Ensefianza,  que  di<^  a  la  publicidad  en  re- 
siimenes  mensuales  en  la  prensa  local  y  el  resumen  anual  en  el  Anuario  del 
Liceo  de  Mntanzas,  segiin  testlmonio  del  Dr.  Eduardo  Pld  en  la  Revista 
Bhuestre  Cubana.  No  se  dice  la  duracidn  de  dichas  observaciones.  En  esta 
misma  ciudad  el  Sefior  Roberto  Mas6n  verified  observaciones  meteoroldgicas 
durante  cuatro  afios  discontinuos  entre  1874  y  1882. 

En  Matanzas  el  Sr.  Luis  Simpson  fund6  una  estaci<^n  meteoroMgica  en  1878, 
publlcando  dlariamente  sus  observaciones  en  el  "  Diarto  de  Matanzas.'*  A  la 
muerte  del  fundador  acaeclda  en  1890  continu<^  las  observaciones  el  Sr.  Juan 
F  Bhulgas  hasta  1895  en  que  fu^  trasladado  el  Observatorlo  al  Instituto  de 
Segunda  Ensefianza.  El  Sr.  Eduardo  Pld  de  qulen  tomamos  estos  datos  no 
nos  dice  cuanto  dur6  la  publlcacl6n  de  dichas  observaciones,  ni  si  existe  esa 
co1eccl6n  edltada  o  In^lta. 

En  los  tiempos  modemos,  durante  la  primera  intervenci6n  de  los  Estados 
Unidos  en  Cuba,  se  empezaron  a  recoger  las  observaciones  de  buen  niimero 
de  estaciones  en  toda  la  Isla,  unas  ya  exlstentes,  otras  de  nueva  cread^n, 
que  han  ido  en  aumento  hasta  alcanzar  en  la  actualidad  unas  60  estaciones. 
En  todas  se  recogen  los  datos  de  temperatura,  lluvia,  estado  del  cielo  y 
direccidn  dominante  del  viento.  Afiadiendo  en  las  capltales  de  provincia  y 
algunas  otras  estaciones  contadas  la  presi6n  atmosf^rica.  Todos  estos  datos  ae 
publican  mensuaimente  en  el  Boletfn  de  la  Secretarfa  de  Agricultura  recogidos 
y  ordenados  por  el  Observatorlo  Nacional  bajo  la  dhreccidn  del  Sr.  Luis 
Garcia  y  Carbonell.  En  Santa  Clara  vlene  funclonando  un  Observatorlo  de 
car&cter  privado  desde  1894  que  es  de  la  propiedad  del  Sr.  Julio  Jover,  cuyas 
observaciones  no  sabemos  que  hayan  sido  edltadas. 

Finalmente,  el  Colegio  de  Ntra.  Sra.  de  Montserrat  de  la  Oompafifa  de 
Jestbi  en  Ctenfoegos,  que  venfa  desde  muchoe  alios  atrAs  hadendo  observa- 
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ctones  en  la  ^poca  de  Iob  horacanes,  como  estacidn  de  la  red  establecida  por 
el  Observatorio  del  Goleglo  de  Bel^n  para  el  servicio  de  predicci6n  de  esoa 
meCeoroB,  en  1910  Inaugurd  un  observatorlo  meteoroldgico  de  primera  clase 
con  snrtido  completo  de  aparatos  registradores  y  de  lectura  directa  en  local 
magnfficamente  adecuado  bajo  la  dlreccidn  del  P.  Slm6n  Saraaola  S.  J. 
Hace  dlarlamente  8  observadones  o  lecturas  dlrectas  de  todos  los  Instrumentoe, 
y  publica  anualmente  el  reeultado  en  anuarlo  elegante  y  completo;  Ueva 
cnatro  afios  habiendo  empezado  su  pub]lcaci6n  con  el  afio  de  1911. 

Entre  las  obeervaclones  practlcadas  en  la  Isia  fuera  de  la  Capital,  deben 
flellalarse  las  llevadas  a  cabo  por  el  servlclo  de  huracanes  organizado  por  el 
Observatorlo  del  Golegio  de  Bel^  Estns  observadones  no  son  regulares 
y  diarias,  sino  relaclonadas  con  la  marcha  de  los  dclones  troplcales,  y  solo 
cnando  estos  se  hadan  sentir  en  la  Isla  o  sus  Inmedladones.  De  estas  observa- 
dones se  conserva  en  el  Observatorlo  de  Bel^n  una  predosa  colecci6n  manos- 
crita,  &i  su  mayor  parte  InMlta.  La  red  del  servlclo  cld6nlco  no  empez6 
a  funcionar  hasta  1877,  pero  existen  ya  abundantes  datos  desde  1875.  Esta- 
dones  eran  todos  los  barcos  de  guerra  snrtos  en  pnertos  de  Cuba  o  navegando 
por  sus  aguas,  y  gran  ntimero  de  observadores  voluntaries,  entre  los  cuales 
se  cont6  casi  desde  su  prlndpio  el  C6nsul  General  de  Inglaterra  en  Santiago 
de  Cuba,  el  Sr.  F.  W.  Ramsden,  y  luego  el  Sr.  Roberto  Masdn,  que  le  sucedi6 
en  el  cargo.  Hoy  tiene  este  servldo  unas  20  estaciones  propias  en  toda  la 
Isla  provistas  de  instrumentos  propordonados  por  el  observatorlo,  algunas  de 
ellas  con  instrumentos  registradores. 

En  la  Habana  las  observadones  m&s  antiguas  de  que  hay  memoria  se  re- 
montan  a  1794  practicadas  por  un  observador  desconoddo  y  conservadas  por 
Ram6n  de  la  Sagra  en  su  Historia  Ffslca  de  Cuba.  Son  de  muy  dudoso  valor. 
El  Seflor  Antonio  Robledo  hizo  observadones  cuatro  aflos  discontlnuos  entre 
1800  y  1807  y  Jos^  Ferrer  tres  afios  (1810-1812),  ambos  sola  men  te  de  la  tempera- 
tura,  mientras  Miguel  Arambarri  nos  ofrece  los  datos  de  lluvia  de  clnco  nflos 
(1811-1815).  Una  serie  de  slete  afios  de  la  primera  parte  del  siglo  pasndo 
(1825-1831),  muy  valiosa  por  lo  condenzuda  y  completa,  y  por  la  competencia 
del  observador,  se  la  debemos  a  Dn.  Ram<^n  de  la  Sagra.  L4i  estaci6n  fu6 
erigida  en  el  Jardfn  Botdnico  fuera  del  recinto  de  la  ciudad  y  en  excelente 
condici6n  para  la  observaddn. 

Otro  observador  de  1838  a  1840,  el  Dr.  Vicente  A.  de  Castro  public6  sus  re- 
sultados  interesantes  en  la  Cartera  Cubana,  que  puede  consul tarse  en  la  Biblio- 
teca  Nacional.  Aparecen  sin  flrmas,  pero  por  referencias  fldedignos  se  atrl- 
buyen  al  dtado  autor. 

Obaervatorio  de  Dn.  Andr6$  Poey, — Durante  1849  hizo  el  Sr.  Poey  algunas 
observadones  que  refiere  La  Sagra.  En  Julio  de  1850  levants  un  observatorlo 
particular  cuyos  datos  publlc6  en  la  prensa  diaria,  son  muy  completes  y  dur6 
su  publicaci6n  desde  el  17  de  Julio  de  1850  hasta  el  3  de  agosto  de  1851.  Los 
tres  dfas  consecutivos,  del  3  al  6  de  febrero  de  1851,  hizo  observaciiin  cada  hora, 
dfa  y  noche,  ayudado  del  Sr.  Jos6  Figueroa. 

Observatorio  Fi$ico  MeieMco, — ^En  1862  por  inidativa  de  la  Sodedad  de 
Amigos  del  Pais  fund6  el  Qobierno  Superior  de  la  Isla  un  observatorlo 
bien  dotado  en  la  Habana,  y  puso  al  f rente  del  mismo  al  conoddo  hombre 
de  cienda  Sr.  Andr^  Poey.  Se  instal<^  en  la  misma  casa  de  la  Sodedad  de 
Amigos  del  Pais  con  un  surtido  completfeimo  de  instrumentos,  si  bien  el  local 
dejaba  no  poco  que  desear.  Las  observadones  empezaron  en  primero  de 
enero  de  1862,  y  continuaron  hasta  1869  en  que  cead  Poey,  y  se  confl<^  el 
Observatorlo  a  la  Escuela  Preparatoria  de  la  Universidad  a  cargo  de  uno  de 
los  catedr&ticos  como  labor  accesoria.  El  primero  y  dnico  anuarlo  que  public6 
el  Observatorlo  Ffsico  Mete^rico  de  la  Habana  vi6  la  luz  en  1869  con  las  ob- 
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8en*acione8  de  1862.  Desde  mayo  de  1862  aparecen  las  observaciones  en  ^ 
peri6dico  la  **  Gaceta  de  la  Habana  '*  firmadaa  por  Voey  hasta  el  6  de  Julio  d9 
1804.  l4i  colecci6n  continue  hasta  el  6  de  Julio  de  18G5  que  public6  ins  oorres> 
pondlentes  al  28  de  mayo  y  son  las  tlltlmas  publlcadas  que  sepamos. 

En  los  Annies  de  la  Academla  de  Giencias  de  la  Habana  vieron  la  luz  resA- 
menes  mensuules  de  varlos  afios.  Nada  m&s  public^,  que  sepamos,  el  Observa* 
torio  VIhU-o  Mete6rIco.  De  los  originales  del  registro  dlario  no  bemos  pudldo 
hallar  rastro  alguno. 

Otro  oliitervutorlo  particular  fundado  por  el  Dr.  Carlos  Tbeye  en  su  propio 
domidlio  y  con  muy  buen  surtido  de  instrumentos,  aun  reglstradores,  funcion^ 
desde  1881  a  1880.    Solo  la  preusa  local  publlc6  en  parte  sus  resultados. 

Al  establecerse  la  primera  intervenclOn  de  los  Bstados  Unldos  en  Cuba  en 
1880  se  cre6  una  Ofldna  Central  Meteorol6gica  que  m&s  tarde  tom6  el  nombre 
de  Olwen-a torio  Naclonal  con  estaclont«  subalternas  en  provLndas  y  buen 
nttmeni  <le  obiiervadores  voluntarios.  Este  servldo  viene  hadendo  desde  so 
fundaeion  valioso  acopio  de  datos  de  toda  la  Isia  y  en  particular  de  la  Habana. 

Finalniente  n^stanos  hablar  de  la  serle  de  observadones  bechas  en  el  Observa* 
torio  del  Oilej^lo  de  Belen  que  coiuprenden  un  perCodo  no  interruiiipido  de 
ceres  yn  de  58  afios,  desde  el  1*  de  marzo  de  18r)8  hasta  nnestros  dfas.  Mas 
conio  his  tablaM  y  curvas  que  acompafian  este  trabajo.  estiln  basndas  en  esn  serie 
mAs  que  seniisecular  de  observadones,  creemos  necesario  exp«inor  en  pdrrafo 
aparte  los  pomienores  mds  Importantes  para  el  pleno  oonocimleuto  del  peso  y 
yalor  de  las  mlsmas. 

OBSKSVATOmO  DSL  OOLBOIO  DB  BSL£n. 

El  Observatorlo  del  Coleglo  de  Belto  est&  enclavado  dentro  del  casco  de  la 
dudad  anti^ua  de  la  Habana  y  bastante  c4ntrico  en  su  recinto  intramuros. 
Sus  coordenadas  geogrdflcas  son:  23*  8'  14".5  Lat  N.  y  82*  21'  18"  Long. 
W.  de  Greenwich. 

Sobre  la  fachada  principal  del  Coleglo,  que  mira  al  este  y  que  ocupa  la 
manzana  entera  con  s61ida  construcc!6n  de  dos  pisos  de  gran  puntal,  se 
levanto  en  1S57  el  observatorlo  en  un  cuerpo  de  edlflcio  nisludo  por  t(Nlus  lados 
y  doniinando  un  vasto  horlzonte.  Ningtin  otro  ediflcio  alcanzaba  su  altura 
en  l«is  alriHledores,  que  pudiera  estorbar  la  libre  clrcuiacl6n  de  las  corrientes  y 
Tlciar  el  valor  de  las  observaciones.  S6lo  la  torre  de  la  Iglesia  a  uuos  50 
metros  de  distancia  se  levantaba  sobre  el  observatorlo. 

En  este  local  construfdo  expresaniente  a  ese  fin  y  termlnado  a  princlplos 
de  18''»8  se  Instalaron  dos  barc3nietros  slstema  Portin,  uno  de  gran  niodelo  y 
otro  de  nie«liano  uuNlelo;  un  psicrdmetro  de  August  con  tenu6nietros  seco  y 
ht!inie<lo;  terni6nietros  de  mdxinm  y  minima;  higrometros  de  cabello,  de 
cuadnuite  y  de  Bubtnet;  una  veleta,  que  llevaba  mnrcados  los  runibos,  fu6 
cohnrada  sobre  el  techo  del  Observatorlo,  con  anem6nietros  de  Woltmann  y 
Combes,  un  pluviometro  circular  de  dos  metros  de  didmetro.  Otro  juego  de 
ternmmetros  fu^  colocado  en  la  torre  de  la  iRlesIa  a  una  altura  de  32.C7  m. 
sobre  el  nivel  del  mar,  y  27.3  m.  sobre  el  nivel  de  la  acera.  La  cubeta  del 
bar6metro  y  los  term6metros  del  OI>servatorlo  queilaron  Instalados  a  19.3  m. 
sobre  el  nIvel  del  mar  y  14  m.  sobre  la  acera  de  la  calle.  Las  observaciones 
regulares  comenzaron  el  1*  de  marzo  de  1858  para  no  Interrumpirse  un 
solo  dfa  hasta  la  fecha  actuaL 

En  el  aflo  1862  se  ensanch6  el  ediflcio  del  observatorlo  con  un  nuevo  departa- 
mento  para  montar  los  aparatos  magn^tlcos  declindmetro,  magnet6metro  Bifilar 
y  de  Balanza,  y  en  el  hueco  de  pared  de  una  ventana  de)  mismo,  que  daba  al 
norte  sobre  un  tejado  cercano  fueron  instalados  los  term6metros  seco  y  hdmedo 
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y  lot  de  mdxima  y  minima,  protegidos  de  la  infloencia  Interior  por  doble  Ten- 
tana  de  persianas  y  de  criatal,  y  de  la  accidn  directa  solar  por  otra  persiana 
exterior.    Usta  disposlcidn  reaultaba  algo  defectuosa. 

En  1873  atlquIrM  el  Obeervatorlo  el  Meteon)grafo  del  P.  Secchi,  qoe  habfa 
•ido  preeentado  en  la  £xpciislci6n  de  Paris  en  1868  y  que  alcatix6  en  ella  el 
mayor  premlo.  Qued6  limtalado  en  mayo  de  ese  mlsuio  alio  y  aun  slirae 
funckinando  el  dfa  de  hoy  con  la  mayor  regularldad.  Es  reglvtrador  de  la 
preslon  atniotif^rlca,  teniperatura,  direccidn  del  viento,  veloddad  del  uilsnio  y 
Uuvia.  Desde  su  Instuluddn  la  cantklad  de  lluvla  se  anot6  por  el  pluvlOmetro. 
que  vino  con  diclio  nparnto. 

Ud  uuevo  surtldo  de  InKtruraentos  adquiri6  el  obs^rratorlo  el  alio  1882,  que 
fderon  comparados  en  Kew  y  Stonyhurst  Mendonaremoe  solo  los  meteoro- 
MglGos  dejundo  a  un  la<lo  los  astrondmlcoe  y  magn^cos.  Un  bar6metro  putr6n, 
gran  niodelo,  de  Casella  No.  1200,  del  sistema  adoptado  por  el  Gomitd  de  Kew 
de  la  Ileal  Socleda<l.  Es  de  cubetn,  de  fondo  fljo  y  doe  esctilas  luovihies,  una 
graduatla  eu  mllluietros  y  la  otra  en  pulgadas.  El  dIAnietro  Interior  del  tubo  es 
de  23^  mm.  Con  este  lmr6mecro  Standard  fu4  conipanido  el  que  veniti  ui$An- 
dose  de  ntrds,  y  que  estaba  ya  comparado  coo  los  de  VIeiia  y  WAsliin^iNi :  era. 
de  sistema  Fortin,  mediano  modelo,  construldo  por  Fabre  et  Kuiiemann,  l^aris. 
Otro  bar6metro  de  Casella  tipo  Fortin  No.  1219,  mediano  uuMlelo.  Estos 
bar6metros  siguen  hoy  en  serrido  y  con  elloe  fueron  compurados  los  adqulridos 
por  el  Obser^-atorlo  Nacional  a  rals  de  la  constltudOn  de  la  Repilbllca.  Un 
term6metro  normal  de  Casella,  yarlos  otros  normales  de  m&ximu  y  minima, 
mAs  otro  de  minima  de  mercurlo  del  mismo  constructor.  Un  pslcr6metro  de 
Greiner,  griidunciou  centi}rrtidn.  escnlas  de  martll  pnitegldns  fxir  tuhos  de 
cristiiL  Dos  psIcrOmetros  de  Casella,  un  nef<)ecopo  de  reflexl6n  del  misma 
constructor,  un  reglstrador  de  sol  construldo  por  Lecky,  mils  dos  evaporimetros 
de  PIdie  construidiw  por  Secret&n.  Todcis  estos  Instrunientos  fueron  puestoa 
en  servldo  desde  agosto  de  1882,  habiendo  sido  comparados  en  Kew  y  Stony* 
hurst  biirometi'us  y  teniHiinetrue. 

En  1807  meJ<iraron  notablemente  las  condldbnes  del  obeervatorlo,  ampllando. 
sn  edifido  hasta  el  extremo  sur  de  la  fachada  unos  50  mKros  de  f rente,  donde 
se  levuut6  un  torredn  rectangular,  nislado  para  la  Instalud^n  de  los  histru- 
mentos.  En  la  asotea  de  este  iiuevo  edifido  se  constniy6  una  ciiseta  de  \wt* 
Bianas,  donde  se  Instalaron  todos  los  termdmetros,  psicrondmetrus  y  evaporS* 
metres,  tanto  de  lectura  directa  como  reglstradores  nuevanieiite  ailquiridos. 
del  sistema  "lilchard."  Esta  caseta  estaba  alejada  <le  ttNla  oonKtruoi'lon, 
ablerta  a  la  llbre  drculaci6n  de  todos  los  vientos.  Tambl<hi  se  adquirlo  eKteuAo 
un  bartVgrafo  de  **  Richard,'*  un  pluvi6metro  de  Casella  y  un  anem6uietro  d^ 
sistema  ** Robinson"  construfdo  por  "Ducretet** 

En  esta  nueva  Instalad6n  de  1897,  que  hoy  subsiste,  la  altura  de  los  Instm^ 
mentos  qaed6  como  sigue: 


Ciibeta  del  bardmetro  de  memirio 

Anemdmetro  **  Robinson*'  (pequefto  modelo). 

Ammdmetro  **  Robinson"  (gran  modelo) 

Veleta 

Pluvidnietro  de  gran  superflde 

Plmidmetro  paqtMfio 

Gaseta  de  termdmetroB 


AH'ira 

Altura 

!io»ffeel 

^ireel 

nl  Pi  del 

niveldel 

melo. 

mar 

Mrtr09 

Uttfo$. 

10  9n 

24.34 

27.34 

32.72 

».90 

82  18 

28.06 

33  44 

94M 

30.33 

19  70 

25.06 

W.70 

2ft.  OS. 
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Despot  de  1887  hubo  pocaa  varlaciones,  si  exceptuamoB  la  coiuitnicei6ii 
de  una  caseta  cle  termOmetros  de  doble  persinna  y  su  traslacMn  por  algdn 
tiempo  a  la  azotea  del  torredn,  una  altura  de  80.67  m.  sobre  el  nlvel  del  mar» 
para  volver  a  la  mUtma  altura  anterior  25.08  m.;  m&s  la  adqul8icl6n  de  un 
pluvl5grafo  de  Fness,  y  un  crondgrafo  astrondmlco  construfdo  por  •*  Rldiard  "  y 
adaptado  a  medlr  con  gran  precision  la  velocidad  del  vlento  en  las  rachas, 
aun  las  mds  Intensas  de  los  huracanes.  Da  tambl^  la  coincldencla,  y  es  un 
dato  Importante  para  el  peso  de  las  observaciones,  que  el  observador  que 
lia  hecho  casl  todas  las  lecturas  de  los  Instrumentos  desde  esa  fecha  es  uno 
mlsmo. 

Hora$  4e  o&«eroac<dfi.— En  un  prlndplo  se  hlcieron  por  algfin)  tiempo 
observadones  cada  bora  del  dfa  y  de  la  noche.  Este  orden  dur6  poco.  El 
resto  de  1858  y  todo  1858,  se  hlcieron  cuatro  observadones  dlarlas.  En  1800 
se  hlcieron  sels;  en  1801  se  afiadleron  dos  mds,  y  el  1802  empezaron  las 
10  observadones  bihorarlas  desde  las  4  A.  M.  hasta  las  10  P.  M.  ambas  in- 
elusive,  quedando  estableddo  el  orden  que  hoy  se  guarda  todavfa,  con  s51o 
la  interrupd<^n  de  la  observad<^n  de  las  4  A.  M.  que  fu4  suspendlda  en  1863 
para  reaparecer  en  1871.  Desde  ese  atio  sigue  el  orden  de  las  10  observadones 
directas  diarias  hasta  el  dfa  de  hoy.  Debe  mendonarse  la  observaci6n  Inter- 
oadonal  de  7.80  A.  M.  que  empesd  a  hacerse  el  1*  de  abril  de  1877,  y  dltima- 
mente  la  de  las  7.80  P.  M.  tarobl^n  intemaclonal,  establecida  desde  mayo  de 
1803.  Los  datos  que  se  anotan  en  cada  observad<^n  son:  bardmetro  con  su 
termdmetro,  term^metro  seco  y  htlmedo,  dlrecd6n  y  velocldad  del  vlento,  estado 
del  cielo,  cantidad,  clase  y  dlrecd6n  de  las  nubes,  niebla,  bora  de  lluvia, 
tormentas  el^ctricas,  truenos,  rayos  y  reldmpagos,  arco-iris,  halo  y  corona 
solar  o  lunar.  Una  ves  al  dfa  se  anota  el  recorrido  total  del  vlento  en  kil6- 
metres  durante  las  24  boras,  term<^metro  de  mdxima  y  minima,  cantidad 
de  agua  evaporada  y  cantidad  de  Iluvla  en  milfmetros.  Este  registro  diarlo 
del  Observatorio  del  Colegio  de  Bel^n  abarca  desde  1*  de  marzo  de  1858  hasta 
el  presente,  un  perfodo  de  cerca  ya  de  58  afios  seguidos. 

Publicaciones, — ^Desde  juIio  de  1858  comenz6  a  publlcarse  el  resultado  de 
las  observadones  en  resdmenes  mensuales  con  las  mdsimas,  mfnfmas  y 
medlas  de  cada  bora  de  observacidn,  con  los  demds  datos  de  cantidades  totales 
del  mes.  Algunos  meses  suprimidos  entonces  se  editaron  redentemente,  em- 
pezando  desde  marzo  de  1858  para  que  sea  completa  la  serie. 

En  1800  ya  apared6  un  interesante  trabajo  con  curvas  meteorogrdficas 
y  una  dlscusidn  dentffica  bien  razonada  del  resultado  de  las  observadones 
verlficadas  en  los  dos  alios  precedentes.  Desde  enero  de  1861  acompafiaba 
al  resumen  mensual  una  resefia  sobre  el  tiempo  durante  el  mes,  y  en  Julio 
de  1862  se  fij<^  la  forma  de  publicacidn  mensual  en  cuarto,  que  dur6  hasta  el 
1871  conteniendo  las  observadones  diarias,  mdxima,  minima  y  media  de  todos 
los  instrumentos  prindpales,  y  se  afiadleron  al  resumen  grdficas  de  la  fre- 
cuencia  relativa  y  fuerza  del  vlento.  En  dlciembre  de  1863  al  comenzar 
el  nuevo  alio  meteoroMgico  se  inauguraron  las  curvas  de  la  marcha  diuma 
del  bar6metro,  term6metro,  humedad  relativa  y  tension  del  vapor  de  agua. 
Desde  1868  a  1871  inclusive,  se  hlzo  la  Impresidn  por  anuarios  en  cuarto 
cuyo  texto  sin  contar  las  grdficas  aun  pasaba  de  800  pdginas,  en  1866  se 
agreg6  en  la  publicaci6n  las  varias  direcciones  dominantes  del  viento  en  cada 
dfa  con  la  fuerza  respectlva,  y  desde  dlciembre  de  1867  tambi^n  el  estado  del 
delo.  Acompafiaban  al  cuadro  de  observadones  diarias  su  correspondiente 
resumen  mensual  y  a  voces  anual  por  estaciones. 

En  1872  se  mejord  la  publicaci<^n  adoptdndose  la  forma  en  folio  con  curvas 
grdficas  esplendidas,  tlradas  en  piedras  litogrdficas  donde  se  puede  leer  con 
grande  aproximaddii  el  nUor  de  cada  elemento  meteorol^co  en  coalquler 
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liora  del  dia  o  de  la  nocha  Las  ordenadas  de  esaa  cnrvas  ae  tomaban  de  las 
oboervadoDea  blhorarlaa  deade  laa  4  A.  M.  hasta  las  10  P.  M.  La  ordenada 
de  media  nocfae  y  2  A.  M.  ae  tomaban  por  interpoladda  hasta  el  afio  sigolente 
en  que  fud  instalado  el  meteor6grafo  del  P.  SecdiL  Hay  grdficas  del  bard- 
metro,  termdmetro,  homedad  relatlva,  tensidn  del  vapor  de  agua,  direcci6n 
del  viento  y  velocldad«  Tambito  se  graban  en  Ingar  correspondlente  en  la 
pledra  otros  fen6meno8  ocasionales,  como  truenoe,  rayoe,  halos,  y  mds  ade- 
lante  las  boras  del  mA,  clase  y  dlrecci6n  de  nubes.  I^os  cuadros  contienen  la 
maxima,  mfnima  oecilacidn  y  media  de  cada  dia  de  todoe  los  elementos  meteoro- 
l^coe  snsceptibles  de  expresarse  en  ndmeros.  Debe  advertirse  que  la  media 
publicada  es  la  media  de  las  10  obeervaclones  diarias,  no  de  la  mdsima  y  la 
minima.  AdemAs  cuadro  de  dlrecdones  del  viento  y  sn  veloddad,  cuadro  del 
estado  del  cielo,  dase  y  cantidad  de  nubes  con  loe  totales  de  Uuvla  y  evapora- 
d6n.  Finalmente  hay  resiimenes  completos  mensuales  y  anuales,  y  algunoe 
alios  la  publicadOn  por  trimestres  o  por  semestres. 

Deede  novlembre  de  1877  hasta  enero  de  1885,  por  haberse  publicado  con 
mucbo  retraso  ese  perfodo  y  por  escasez  de  tiempo,  no  aparederon  las  curvas 
grdficas;  y  desde  mayo  de  1880  en  adeiante  s6lo  se  hacen  las  piedras  de  las 
curvas  meteorogrAficas  en  los  meses  de  agosto,  septiembre  y  octubre,  que 
constituyen  la  ^poca  ciddnlca.  Ck>n  1900  empiesa  a  publicarse  la  dlrecddn 
de  las  nubes,  y  el  recorrldo  total  del  viento  en  24  horas.  En  1*  de  enero 
de  1901  hubo  un  cambio  importante  en  las  publicadones  del  bar6metro.  De 
conformldad  con  d  acuerdo  de  la  Ck>nfarencla  Intemadonal  de  Munich  dd 
mlsmo  afio,  desde  esa  fecha  se  da  el  bar6metro  reducido  a  0**C.  al  nivel  del 
mar  y  a  la  gravedad  normal,  siendo  esta  para  la  Habana  igual  a  menos 
1.87  milfmetros.  En  las  publicadones  anteriores  el  bardmetro  estaba  solo 
reduddo  a  O^'G.  Tumbi^n  empez6  con  este  afio  la  publlcaci6n  de  las  10  observa- 
dones  blhorarias  de  cada  dia  contenlendo  la  dlreccidn  y  veloddad  del  viento. 

Por  fin  en  1907  cometizd  a  publicarse  fntegro  el  registro  de  las  10  observa- 
dones  blhorarias  de  todos  los  instrumentos  y  factores  meteoroI6glcos  con  los 
promedios  y  rcsfimenes  meusunles  y  anuales  de  los  mismos,  continuando  las 
grdficas  en  los  tres  meses  adclonados. 

Ademds  de  esta  serie  de  publicadones  regulares  que  abarca  ya  57  afios, 
i)ubHc6  el  Observatorio  de  Bel^n  otros  trabajoe  importantes,  prlncipalmente 
reladonados  con  los  huracanes  de  las  AntlUas  cuyas  leyes  fundamentales 
establecl6  para  tanto  bien  de  la  navegad6n  y  aun  de  la  vida  y  propiedades 
de  las  regiones  vlsitadas  por  esas  tormentas  giratorias  troplcales. 

Esta  predosa  coIeccl6n  sirve  de  base  a  las  tablas  de  datos  estadCsticos  y  a 
las  curvas  que  acompafian  este  modesto  trabajo,  y  que  nos  muestran  la  marcha 
dlnma,  mensual  y  anual  de  los  dlferentes  agentes  dimatol6glcos  en  la  Habana. 

Loe  cuadros  que  ponemos  al  fin  referentes  a  otras  poblaciones  principales  de 
la  Isla  eetdn  formados  con  datos  que  tomamos  del  Boletfn  Oficial  de  la  Secre- 
tarfa  de  Agricultura,  excepd<^n  hecha  de  Olenfuegos,  cuyos  datos  estdn  tomados 
del  Observatorio  del  Colegio  de  Ntra.  Sra.  de  Montserrat 

HABANA. 

El  clima  de  la  Habana,  y  lo  mlsmo  puede  dedrse  con  pequefias  diferencias 
de  toda  la  Isla  de  Cuba,  si  bien  comprendido  entre  los  climos  troplcales  por  la 
P06id6n  geogrdfica,  y  por  la  influencia  de  la  Gorriente  Ecuatorial,  puede  sin 
embargo  calificarse  en  conjunto  de  clima  notablemente  benigno  entre  los  tropl- 
cales, gradas  h  la  acci6n  refrigerante  de  los  vientos  reinantes,  por  lo  general 
mds  fuertes  y  mds  seguros  en  las  horas  en  que  es  mayor  la  actividad  solar,  a 
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lo  cuni  conspirnn  In  forma  eetrecha  y  alongada  de  la  Isla  y  sn  orientaci^n  de 
SE.  a  N\V.,  ciisi  perpendicular  a  la  corrlente  de  los  vientos  alfsios. 

Esta  cireunstuncia  da  orit^n  en  la  ^poca  de  los  calores  a  fuertes  brisas  de 
mar  n  tierra  durante  las  horas  de  m&s  color,  tanto  en  la  costa  norte  como  en 
la  del  sur ;  y  esns  corrlentes  opuestas  al  chocar  entre  sf  producen  con  admirable 
refnilariilnd  turbonndns  el^ctricas  de  vera  no,  que  refrescan  el  ambiente  y 
fornmn  el  mayor  contin^^nte  de  la  precipltaci6n  anual  de  Uuvlas. 

Kl  clinia  de  una  regi6n  es  el  conjunto  de  fen6meno8  atmosf^rlcos  que  deflnen 
su  condici6n  nonnal,  prlnclpalmente  en  relaci6n  al  desarrollo  de  In  vida  hu- 
mana,  animal  y  vegetal.  Los  factores  que  influyen  en  las  condiclones  cliraa* 
tol6^cns  de  un  lugar,  son  la  presl<^n  atmosf^rica,  la  temperntura,  la  humedad 
relativa,  la  tensldn  del  vapor  de  afpia  de  la  atnutefera,  la  cantidad  de  lluvia, 
los  vientos  reinantes,  la  cantidad  de  nubes,  etc.,  que  en  mayor  o  menor  grada 
entran  en  la  formacito  de  todos  los  cllmas. 

A  estos  caracteres  generates  a  veces  deben  agregarse  otros  partlculares  d» 
cada  regi6n,  como  son  en  las  Antillas  los  tfpicos  huracnnes  tropica  les,  que  con 
frecuencia  devastan  estas  regiones,  y  que  por  otra  parte  prectpitan  grander 
cantldndes  de  lluvia  que  tnnto  contrlbuyen  a  su  exuberante  vegetaci6n. 

La  breve  resefla  cHmatoI6gica  que  vamos  a  resumir  en  estas  Ifneas  y  qii» 
por  la  premura  del  tiempo  habrd  de  ser  muy  incompleta.  Junto  con  las  tablas  y 
ciirvns  que  las  acompaftan,  se  refleren  cast  exclusivamente  a  la  Habana,  de- 
donde  poseemos  un  cnudal  de  observadones  completfsimo,  apto  para  propor- 
cionnr  resultados  en  grnn  mnnera  fldedlgnos,  tanto  por  el  perfodo  que  abarcan 
como  por  el  esmero  en  la  observacl^n. 

Sin  embargo  pondremos  al  final  cuadros  comparatlvos  de  buen  ntimero  de  es« 
taciones  repnrtldns  por  provlnclns,  contenlendo  las  metllas  mensunles  y  nnunles,. 
y  In  cantidad  de  lluvia.  que  den  alguna  idea,  siqulera  sea  aproximnda,  de  al« 
gunos  princlpales  fnctores  climatol6gico6  en  toda  la  Isla.  Pero  debe  tenerse 
pref^nte  que  los  resultados  de  dlcbos  cuadros  distan  mucho  de  ser  deflnitlvos 
por  el  corto  ndmero  de  alios  que  comprenden.  Los  datos  estAn  tornados  del 
Boletfn  Oflcial  de  Agricultura  coleccionados  por  el  Observatorio  Nacional. 

TAmji  T. — Mnrcha  ffinma  de  la  prcMn  atmonf^ica  en  la  Hahana.  Mcilia^ 
bihorarfatt  tfe  crufa  mc8  y  del  aflo,  dcducida*  de  Ig$  promedhs  de  -|5  ftfU)^ 
{JS72-W14)  rcducida$  a  0*  C,  al  nivel  del  mar  y  a  la  gravedad  normal. 
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63.29 

61.80 

4 

61.41 

6 

61.99 

n 

10 

12 

14 

62.68 
68. 8S 
62.15 
61.28 

1ft 

61.  Qf^ 

18 

90 

92 

9« 

61.46 
62.19 
62.46 
62.  OS 

Media 

63.78 

63.29 

62.78 

61.02 

60.80 

61.35 

62.30 

61.37 

60.23 

59.83 

61.91 

63.27 

61.01 
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Tabla  II. — Marcha  diuma  de  la  preH&n  atmotfMca  en  la  Hahana.  VariO" 
ciones  medifi$  bihorariatt  para  eada  me»  y  para  el  aiio,  deducida$  de  lo$ 
promedioB  de  49  aflo$  (1872-1914). 

(ICflimetros.) 


Hons. 


»-4. 


•-8 

•-I0 

10-W 

W-M 

14-16 

16-18 

!»-» 


88-M. 


-a.i4 
+a53 

45 


+aio 

+a40 

+a8» 

+o.46^+a 

-1. 

-1.07 

-a  01 

-f0  45 

+a66+a 


00 -a  80 
-i.is 
-a  20 

+0.44 +a 


60 

+a2o^+a5i 
-a  49 -a  43 


-0.23^ -a  16 -a  00 

+0iM)+a50+a53 

+a5o-fa6o-hafio 
-i-a23,-)-a22+a22 
-a4i'-a6i-a8i 
-a7s-aoi-a« 
-a  24 -a  14 -a  OA 
-i-a8s+aa^+a44 
+a59-i>a73-i-a73 
-»-a42+a32-i.a2i 
-a  33 -a  38 -a  49 


+aoflJ+ai2 
4as2+a43 

+a72-»-0.8>i 

+a24-i'a 
-a  94 -a  97 

-a  02 -0.99 

-aos-faoi 
-i-a49+a4.> 

+a  74 +0.65 
+a21 -1-0.23 

-a5i-a50 


i 


30-^a 


-aoo 
-t^asi 

28 

a68 

0.97 

-a  19 
-t-as7 
4a66 
4a34 
-a  40 


Tabul  III. — Marcha  diuma  de  la  pre9i6n  atmo$fMca  efi  la  Hahana,  Diferen- 
cia$  mediaa  bihorarioM  para  cadn  mca  p  para  el  afto,  de  la  media  general 
correspondiente  mensual  y  anual,  deducidas  de  los  promedios  de  4^  aflo$ 
(1872-10 I 4), 


Hons. 


8.... 

6.... 

8 

10... 
13... 
14... 
16... 
18... 
80... 
88... 
81... 


Media 

DIfaieiieiB. 


t 


i 


6 

3 


-O-iiz-a^i^-m 

-0.  47 -114^^0. 

-o.wr+aoo  +0, 
+(im  +ft«o+a 

-0.  M  -ft  «S  --Ol 

-(v.3S-a44~a 

4-0l77  +0.25  +a 
+a5ft+0  7fl+tJ. 

+a  07 -1-0.33 -i-a 

\      I 


44 -a  » 

7s;+(i7i: 

34+atT 
<-ftSR; 

iT+at5 

10^+0,21, 


I 

-0L141-(1 

+ai4!-0L 

+0.^3, +0. 

+aii9+o. 
,+o.a3|+o, 
'-^a.jo-a 
-o,»4;-oi 

-0.54-0. 
+*>.  12  +(1 

+o.sa;+n. 
+a2ij+a 


sd  -a  2k  —a 
51  -a  52 -a 
fK^_rvoa_a 
4»'+a4i+a 
rt2^+a*R+a 
i^; +0  30+0. 

371-0.33 -a 
flBl*a65^0. 
42_0.  41  -0. 

II +0.  io+a 
AS  +a  53  +a 
22+a22+a 


aJ-a 
s2Ua 
o?+a 

H+a 
7i+a 
sd+a 

44Un. 

15  +  0. 
57^+0. 
21+0. 


l+J-fl 


32'_a4<t^-a.'S3  -aa7l-a4« 


a  05 
+o.«i 

04 


02  +tlGr 
fi2  +0.  74 
.^+0.911  ,  ..„- 

.n+*i  i.'>;+aio 
*w-aTt  -as2 
«2-an'-as4 

47  ^a  33  'ft  3fl 

.:>i+a-io+a3* 
.v)+aftt+a5o 
2Q+au+aos 


-a«-a4« 
0.412 +ao8 


+as4 

+  t.H 


-0.^ 

-anti 
+a?9 


+aa8 
+aBS 


+  O.I7<+a28 


0.113 

a»i 
a  44 

-ha  22 


+0.53+ a  56 

+aa2i+ais 


102^^ 


TOO  1 


63.78  63.20  62.78 
+L88|+L30|+a88 


61.92  6a  W  61.35 
+a02-1.10-a66 


»«.«..  61.37!  6a23  59.831  61.91 
-a  40 -a  63  - 1. 67^ -&  07j +a  01 


63.271  61.90 
+  1.371 


PBE8I6n   ATMOSFtBICA. 


Las  Tablos  I,  II  y  III  dan  idea  exacta  de  la  marcha  normal  del  bar^metro 
en  la  Habana.  La  Tabia  I  repreaenta  loe  valores  medlos  de  la  presl6n  atnioa- 
UricB.  en  cada  una  de  las  boras  de  obaervaclto  blhoraria  correspondlentes  a 
cada  mes  y  al  afio.  Oontiene  adem&s  la  media  general  mensual  y  anual.  EstAn 
dedncldas  de  los  promedios  de  43  ados  desde  1872  a  1014.  Las  lectnras  aquf 
presentadas  van  reduddas  a  la  temperatura  de  0*  G.  al  nivel  del  mar,  y  a  la 
gravedad  normal.  Esta  tlltlma  correccl6n  ha  sldo  determinada  experimental- 
mente  para  la  Habana,  hallando  el  valor — 1J87  miUmetros. 

Para  la  redu<*ci6n  al  nivel  del  mar  se  ban  tenldo  en  cuenta  los  dos  perfodos, 
desde  1872-1896,  en  que  la  cubeta  del  bar6metro  estaba  a  19.8  m.  sobre  el  nivel 
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del  mar,  y  el  de  1897-1914,  en  que  la  cubeta  estuvo  a  24.84  m.  de  altitude  En 
ambos  perfodoB  la  correcci6n  se  hizo  a  razdn  de  1  mil  (metro  de  mercurio  por 
cada  11  metres  de  elevacidn,  habida  cuenta  de  la  temperatura  media  de  la 
Habana  que  es  24"* .4  C. 

Las  observaciones  directas  solo  nos  ban  proporcionado  los  10  valores  de  las 
boras  pares,  desde  las  4  A.  M.  hasta  las  10  P.  M.  de  cada  dfa,  ambas  inclusive. 
Las  dos  observaciones  restantes,  la  de  las  12  noche  y  2  mafiana,  que  faltaban 
en  la  colecci6u,  fueron  calculadas  por  interpolaci6n.  Para  ello,  Ilamando 
a,  ai,  as,  a^  .  .  .  .  au,  a  los  valores  de  las  12  nocbe,  2  A.  M.,  4  A.  M.  bemos 
ball  ado  las  dos  tinicas  cantidades  desconocidas  a  y  ai  por  medio  de  las  conocidas 
formulas  de  interpolacldn. 

(1)  a=7(ft»+a7+a„)H-7{aaH-a,-|-a,o-(a,-|-a4-|-a,-|-ag)} 


+yV3{a„-(a,-ha,)}-h(|+lV3)a, 


2  1 

(2)  ai=^(aaH"a«H"a8)+7{at+a7+an-(a4+ai+a9H-a,o)} 


+|y3{a,-(a,H-a,))H.(|+-JV3)a. 


Los  valores  asi  calculados  para  a  y  ai,  correspondientes  a  las  boras  12  nocbe 
y  2  mafiana,  estdn  en  perfecta  armonia  con  los  dados  por  la  observacidn,  y 
como  no  representan  ningiin  m&ximo  o  mfnimo  de  la  curva  estdn  poco  ex- 
puestos  a  error  de  consideraci^n. 

La  Tabla  II  contiene  la  variacidn  media  diurna,  que  esperlmenta  el  bard- 
metro  en  la  Habana  de  dos  en  dos  boras  y  el  sentido  de  esa  variacidn  para 
cada  mes  y  para  el  afio;  y  la  Tabla  III  expresa  las  diferencias  medias,  que 
guarda  la  lectura  barom^trlca  de  cada  bora  de  observaci6n  biboraria  en  cada 
mes  y  en  el  afio  con  la  media  general  correspondiente  a  cada  mes  y  al  afio.  Los 
ndmeros  contenidos  en  esta  Tabla  III  ban  servido  para  la  construccidn  de  las 
curvas  de  la  marcha  diurna  de  la  presidn  atmosf^rica  en  las  Plancbas  I  A  y  B. 

Al  pi^  de  la  Tabla  III  reproducimos  la  media  mensual  y  anual  para  mayor 
comodidad  en  la  comparacidn,  y  debajo  de  dicbas  medias  mensuales  se  pone  la 
diferencia  de  las  mismas  con  la  media  general  del  afio,  que  ba  servido  para  el 
trazado  de  la  curva  anual  de  la  Plancba  II. 

Las  curvas  Oe  las  Plancbas  I  A  y  B  estdn  trazadas  dando  a  la  ordenada  dos 
milfmetros  de  longitud  por  cada  d^cima  de  milfmetro  de  la  columna  de 
mercurio.  Los  ntimeros  de  la  Tabla  III  determinan  dicba  ordenada  para  todas 
las  boras  pares  del  dfa  y  para  los  meses  del  afio.  La  curva  se  traz6  uniendo 
las  cabezas  de  las  ordenadas  con  Hnea  ondulada  al  tenor  proplo  de  la  marcba  de 
la  variacidn  diurna  y  anuaL  En  la  Plancba  II,  por  ser  mds  pronunciadas  las 
diferencias,  se  did  a  las  ordenadas  1  milfmetro  de  longitud  por  cada  ddcima  de 
milfmetro  de  mercurio. 

Una  somera  ojeada  a  las  Tablas  I,  II  y  III  junto  con  la  Plancba  I  A  y  B 
nos  ensefia  que  la  presidn  atmosf^rica  en  la  Habana  presenta  dos  mdximos  y 
dos  mfnimos  diorios,  uno  absolute  y  otro  relativo.  Los  mdximos  tienen  lugar 
a  las  10  de  la  mafiana  y  de  la  nocbe,  o  mds  bien  algo  antes,  entre  9  y  10,  y  los 
mfnimos  bacia  las  4  de  la  mafiana  y  de  la  tarde,  siendo  el  mdximo  absoluto  el 
de  las  10  de  la  mafiana,  y  el  mfnimo  tambidn  absoluto  el  de  las  4  de  la  tarde 
Llama  la  atencidn  el  adelanto  que  experimenta  la  minima  matutina  en  los  meses 
de  noviembre,  didembre  y  enero. 

La  regularidad  en  la  marcba  diurna  del  bardmetro  en  la  Habana  es  muy 
notable,  y  basta  ecbar  una  mirada  a  las  grdficas  de  las  publicaciones  mensuales, 
para  ver  que  la  ondulacidn  diaria  puede  casi  servir  de  reloj.    La  ampUtnd 
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media  ee  pequefia  como  corresponde  a  region  tropical,  siendo  la  mayor  2.10  mm. 
eorreq;x)ndiente  a  enero,  y  1.28  mm.  la  menor  correspomliente  a  Julio. 

La  marcha  onual  de  la  presi^^n  en  la  Habana  estd  representada  por  una 
cnrva,  que  tiene  un  mdximo  en  enero,  desciende  durante  lo8  meses  de  febrenv 
marxo  y  abril  alcanzando  un  mfnimo  en  mayo,  y  vuelve  a  subir  a  otro  mdximo 
en  Julio,  para  descender  de  nuevo  hasta  el  segundo  mfnlmo  en  octubre  y 
elevarse  otra  \ez  a  buscar  el  extremo  inicial  de  enero.    El  mdximo  y  mfnlmo 


Cnero 


r«brBro 


Hbtzo 


AM 


Mayo 


761.92  mn\ 


760*00  mn% 


76L55mm 


Plamcha  I  A.—Maroha  dlama  de  la  pnsi6ii  atmosf^iica  en  la  Habana. 

absolutos  corresponden  a  los  meses  de  enero  y  octubre,  y  su  amplitud  media  es 
8.85  mm. 

La  doble  08cilaci6n  de  la  curva  anual  del  bardmetro  no  tiene  lugar  solo  en  la 
Habana,  sino  que  se  observa  tambi^n  en  las  demds  Aotillas.  Vali^ndonos  de  log 
dates  publicados  en  el  **  Report  of  the  Chief  of  the  Weather  Bureau,  1900- 
1901,  Vol.  II,**  hemes  construido  las  curvas  barom^tricas  de  varias  Antillas 
menores  y  otros  puntos  del  Atldntico  y  Golfo.  Tambl^n  trazamos  la  de  Port- 
au-Prince  y  la  de  M^rida  de  Yucatdn  sobre  promedios  de  18  y  20  afios  res- 
pectivamente. 
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Presentamos  vorias  de  esos  carvas  en  la  Plancha  II,  y  vemos  que  partlendo 
de  la  Habana  hacia  el  orlente,  el  mdxlmo  secundarlo  de  Julio  va  dlsuilno- 
yendo  hasta  casl  desaparecer  por  completo  en  Barbados.  La  curva  en  Port 
of  Spain  y  Curacao  es  cast  Igual  a  la  de  Barbados.  La  de  Ciiyo  Hueso 
^9  semejante  a  la  de  la  Habana ;  Bifida  presenta  una  curva  de  Id^tlca  forniA, 
«1  blen  el  mfnimo  absolute  cae  en  mayo  y  la  sublda  de  mayo  a  Julio  es  mayor. 
-Bn  el  Atldntlco  y  Golfo  el  mdslmo  secundarlo  de  Julio  es  apenas  sensible. 


Plancha  I  B.-Maroht  dluma  de  la  prasMn  atmosfdrica  eo  la  Habana. 

La  causa  de  esta  doble  oscllacl6n,  o  del  mdximo  secundarlo  de  Julio  se  ha 
iatrlbufdo  al  movlmlento  del  antlclcldn  permanente  del  Atldntlco,  retlrdndose 
en  mayo  y  acercftndose  en  Julio  a  las  Antillas.  El  examen  de  las  curvas  de  la 
Plancha  II  echa  alguna  sombra  sobre  esta  explicacidn,  pues  no  se  ve  claro  c6mo 
su  Influencia  puede  alcanzar  tanto  a  la  Habana,  y  aun  penetrar  tan  de  lleno 
hasta  M^rida,  sin  hacerse  sentir  en  Igual  o  mayor  grade  en  las  estaciones  del 
sur  del  Atl&ntico  de  los  Estados  Unldos  y  de  las  Antillas  orlentales. 
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Tabla  IV. — PreH6n  atmoafMca  en  la  Habana. 

(MlUmetros.] 


Medifr- 

Extrema. 

Ifte. 

1 

1ft  m&s. 

1 

CS 

1 
s 

CS    ^ 

li 

1 

ftlto. 

baja. 

1 

Sneio 

763.78 
763.29 
762.78 
761.92 
760.80 
761.35 
762.30 
761.37 
760.23 
759.83 
761.91 
763.27 

765.81 
765.14 
764.63 
763.71 
762.14 
762.81 
763.53 
762.89 
761.46 
761.46 
763.50 
765.46 

761.92 
760.54 
760.67 
758.55 
759.21 
759.65 
760.16 
759.  a5 
758.38 
758.56 
760.75 
761.95 

3.89 
4.60 
3.96 
5.16 
2.93 
3.16 
3.37 
3.64 
3.08 
2.90 
2.75 
3.51 

769.24 
768.59 
768.08 
766.30 
764.27 
764.58 
765.08 
764.85 
763.64 
764.33 
766.23 
768.11 

758.27 
757.  R9 
757.36 
756.92 
756.56 
757.45 
759.33 
757.79 
755.09 
752.75 
757.24 
767.89 

10.97 
10.70 
10.72 
9.38 
7.71 
7.13 
5.75 
6.56 
8.55 
11.68 
8.99 
10.22 

774.18 
772.98 
771.81 
768.85 
765.92 
766.  .31 
766.41 
766.37 
764.82 
767.64 
771.13 
772.66 

754.46 
751.31 
752.57 
750.92 
751.91 
751.39 
756.04 
754.52 
742.36 
729.17 
752.84 
753.75 

19.72 

Febrero 

21.67 

Ifano 

19.24 

Abril 

17.93 

Kayo 

14.01 

Jiinio 

14.92 

Julio 

10.37 

Agosto 

11.85 

Septiembre 

22.46 

Octubre 

38.47 

Noyiembre 

18.29 

Diclembre 

18.91 

Aflo ,.. 

761.91 

762.68 

760.55 

2.13 

766.07 

757.04 

9.03 

774.18 

729.17 

46.01 

Habana 


Haw 


Barbados 


fi^rida 


JbcksonviUe 


ttdkcston 


760.40  mm 


762.26  mm 


76L24mm 


Plakcha  II.~Marcha  annai  de  la  pnsidn  atmosfdrica  en  la  Habana  y  otias  AntUIas. 
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En  la  Tabla  IV  damos  no  cuadro  sint^tlco  de  los  datos  m&a  salientes  rela- 
tivos  a  la  presidn  atmosf^rica  en  la  Habana.  Las  tres  primeras  columnas  dan 
la  media  general,  la  mayor  y  la  menor  respectivamente  de  todas  las  medlas  re- 
gistradas  en  los  43  afios  para  cada  mes  y  para  el  afio.  La  quinta  y  sezta  colomnas 
presentan  la  media  de  las  mAximas  y  de  las  mfnimas  de  cada  mes  y  del  afio 
durante  el  mismo  perfodo.  La  octava  y  novena  dan  las  lecturas  extremas 
reglstradas  en  el  observatorio  en  cada  mes  y  en  el  afio  en  los  43  afios.  8e 
verd  que  los  datos  aquf  consignados  no  convlenen  enteramente  con  los  escritoe 
en  la  publicacidn  anual  del  observatorio.  La  pequefia  diferenda  se  debe  a  la 
correcci6n  tomada  para  la  reduccidn  al  nivel  del  mar.  Aquf  aplicamos  1  nun. 
por  cada  11  metros  de  elevaci6n,  y  en  la  publicaci6n  la  columna  de  aire  equiva- 
lente  a  1  mm.  es  algo  menor  aun  de  10  metros  segfin  las  Tablas  Intemaeionales. 

Guanto  a  las  presiones  extremas  contenldas  en  las  tablas,  d^be  advertirse, 
que  se  refleren  a  las  horas  regulares  de  observaci6n  dlarla,  que  no  siempre 
coinciden  con  las  verdaderas  m&xlmas  y  mfnimas  absolutas.  Asf  verd  el  lector 
que  la  presi6n  minima  de  los  43  afios  consignada  en  la  tabla  es  de  728.17  mm. 
que  comparada  con  la  mdxlma  de  774.18  mm.  dan  una  oscilaci^n  total  del 
bar6metro  de  45.01  mm.  en  todo  ese  tiempo. 

En  realidad  la  minima  absoluta  durante  el  perfodo  que  resefiamos  es  algo 
inferior  y  corresponde  al  cicl6n  del  19  de  octubre  de  1876,  en  que  baJ6 
a  728.31  dando  una  06cilaei6n  mdxima  de  46.87  mm.  Hay  huracanes  en  que  el 
bar6metro  baja  notablemente  mds  que  eso.  En  el  doble  cicMn  que  azot6  la 
porcidn  occidental  de  la  Isla  de  Ouba  del  18  al  17  de  octubre  de  1910,  la  lec- 
tura  barom^trica  baj<)  a  719.97  mm.  a  las  2  a.  m.  del  14,  y  despu^s  de  subir  el 
dfa  15  a  los  744.90  mm.,  volvid  a  bajar  el  16  a  las  6.80  p.  m.  a  722.72  mm. 

Uno  de  los  huracanes  mds  desastrosos  o  el  mds  desastroso  de  que  hay  me- 
moria  en  la  Habana  es  el  del  10  al  12  de  octubre  de  1846.  De  ser  exactos  los 
datos  de  una  relacidn  publicada  sin  firma  a  rafz  del  suceso  en  forma  de  folleto 
que  tenemos  delante,  el  bar<)metro  baJ6  a  701.95  mm.  en  la  Habana,  la  mds  baJa 
presidn  que  se  haya  registrado  en  huracdn  alguno  que  sepamos. 

La  osdlacidn  absoluta  en  la  Habana  serfa  72.28  mm.  Se  acerca  no  poco  a 
esta  baJa  barom^trica  la  registrada  en  New  Orleans  por  el  Weather  Bureau  en 
el  reciente  huracdn  del  29  al  SO  de  septiembre  1915  donde  alcanz6  la  presi<)n  a 
713.99  nmi.  Segdn  un  cuadro  de  mfnimas  presiones  alcanzadas  por  la  columna 
barom4trlca  en  los  principales  huracanes  sentidos  en  la  Habana  desde  1794 
hasta  1894,  publicado  por  el  Diario  de  la  Marina,  decano  de  la  prensa  en 
Ouba,  con  fecha  10  de  novlembre  de  1906,  la  pre6i6n  atmosf^ica  en  el  citado 
huracdn  de  octubre  de  1846  baj^  hasta  una  lectura  de  687.31  milfmetros  reducida 
al  nivel  del  mar. 

TEMPEBATUBA. 

El  dima  de  la  Habana,  por  lo  que  hace  a  la  temperatura  del  aire,  que  es 
el  fdctor  dominante  y  principal  que  caracteriza  los  diferentes  dimas  de  la 
tierra,  puede  llamarse  moderadamente  cdlido,  y  otro  tanto  puede  decirse  de 
todos  los  demds  puntos  de  la  Isla  con  algdn  recargo  de  calor  en  Santiago  de 
Ouba. 

Durante  el  afio  se  distinguen  dos  estaciones  caracterfsticas.  La  una  com- 
prende  los  meses  de  noviembre,  diciembre,  enero,  febrero  y  m'^^'O,  en  los  cnales 
el  tiempo  es  bastante  seco  y  generalmente  fresco,  exceptuando  algunos  perfodos 
de  viento  sur,  originados  por  la  aspiracidn  de  las  depresiones  que  cruzan  hada 
el  Atldntico  por  los  Estados  Unidos.  Esos  perfodos  producen  aun  en  el  coraz6n 
del  inviemo  tiempo  y  calor  sofocante,  y  por  lo  regular  van  seguidos  de  otros 
perfodos  de  tiempo  fresco  y  vientos  fuertes  que  se  inidan  del  NW.  y  van 
girando  al  N.  y  NE.,  conocidos  en  Ouba  con  el  nombre  de  nortes  de  invierno 
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Durante  los  meses  dichos,  el  clima  es  por  lo  regular  muy  agradable  con  delo 
despejado,  ambiente  fresco  y  noches  claras  y  brillantes. 

La  segunda  estacl6n,  que  abarca  el  resto  del  afio,  es  calurosa,  y  a  no  ser 
por  el  efecto  refrlgerante  de  la  brlsa,  que  en  las  boras  de  m&s  calor  es  tam- 
bito  m&s  intensa,  el  ambiente  se  harfa  sofocante.  No  es  la  elevaddn  absoluta  de 
la  temperatura  sino  la  continuidad  de  muchos  meses  enteros  de  una  tempera- 
tura  moderadamente  alta  la  que  bace  algo  enervante  el  clima  de  la  Habana. 
En  la  misma  ciudad  de  Nueva  York  y  otras  mucbas  de  Norte  America  se  regis- 
tran  con  frecuencla  temperaturas  que  superan  las  m&a  altas  de  la  Habana  en 
m&a  de  5**  O.,  y  los  accidentes  graves  de  insolacidn,  que  tan  frecuentes  son  en^ 
los  Estados  Unidos,  se  pueden  califlcar  de  desconocidos  en  Ouba. 

Tabla  v. — Marcha  diuma  de  la  temperatura  a  la  tombra  en  la  Hahana.    Media 
bi?u>raria  para  coda  me$  y  para  el  alio,  deducida  de  18  aflOB  {1897-1914)^ 


Horaa. 


2 

4 

« 

8 

10 

13 

14 

10 

18 

ao 

33 

34 

Kedia 


19.4 
19.0 
18.8 
19.9 
23.0 
23.0 
34.0 
23.5 
22.1 
21.2 
20.5 
19.9 


21.3 


19.5 
19.0 
18.8 
20.3 
23.3 
24.5 
34.7 
24.1 
22.8 
21.0 
20.9 
20.2 


20.5 
19.9 
19.7 
22.1 
25.1 
25.0 
26.0 
25.4 
24.0 
22.9 
22.1 
21.3 


21.7 
21.1 
21.0 
24.1 
26.3 
26.8 
26.7 
26.1 
25.0 
23.8 
23.1 
22.4 


23.1 
22.5 
22.6 
25.9 
27.9 
28.2 
27.9 
27.4 
26.4 
25.1 
24.5 
23.7 


24.1 
23.7 
23.9 
27.0 
20.0 
20.0 
28.7 
28.0 
27.2 
25.9 
25.2 
24.6 


24.5 
24.1 
24.2 
27.4 
29.8 
30.0 
20.4 
28.8 
27.7 
26.4 
25.8 
25.0 


24.7 
24.3 
24.2 
27.3 
20.8 
30.2 
20.7 
28.7 
27.7 
26.5 
25.9 
25.2 


24.4 
24.1 
23.9 
26.9 
20.2 
20.6 
20.0 
28.2 
27.1 
26.2 
25.6 
25.0 


'23.7 

23.4 

23.3 

25.6 

27.6 

I  28.0 

,  27.8 

I  27.1 

25.9 

25.3 

I  24.8 

!  24.8 


21.6 
21.3 
21.2 
23.1 
25.4 
26.1 
26.0 
25.2 
24.0 
23.8 
22.8 
22.2 


20.3 
20.0 
19.8 
21.1 
23.8 
24.8 
34.8 
34.1 
23.7 
21.9 
21.4 
20.8 


21.6 


22.9 


24.0 


25.4 


26.4 


26.9 


27.0 


26.6  ,  25.6 


23.5 


22.1 


23.8 
21.9 
21.8 
24.2 
26.7 
27.2 
27.1 
26.4 
25.8 
24.2 
23.5 
22.9 


24.4 


Tahla  VI. — MaroJia  diuma  de  la  temperatura  en  la  Habana.  Variaoi4in  me- 
dia bilioraria  mensual  y  ofMial,  deducida  de  lo9  pramedioB  de  18  afU>$ 
{1897-1914). 


Hotss* 


2-1. 

4-6. 

8-10 
10-13. 
13-14 
14-16 
10-18 

is-so. 

30-22 


-a  37! 
"Ollfl 
+1.H 

+a.9«ii 

+0.06 
+0.11 

-Lss; 
-0.74' 


-0.60 

+L44 

+1.18 
+a38 
-0»69 
-L33 
-1.17 
-0.751 


-0.64-0.00 


-GL 

+2,48 

+3.06 

+0.85 

+0.04 

-0.66 

-1.15 

-1.12 

-0,77 

-o.n 


-0.  II 

+3jja 

+2:29 
+0i4» 

-0,71 
~0.i» 


-0.57-0. 

+ai3i+Q. 

+a,32  +3 


+I.fl7 
+(l.2£ 
-0.31 
-0.<7 
-1.03 
1.3S 
^0,64-0, 
-0.75-0. 


39 -a 

2^1+0. 

oa+3, 

OL+2. 
i)5!+0. 
33i-0. 

-1. 

35-1. 

ee-0. 


-0.41 

^o.oa 
+3, 10 

+2,48 
+0,3fl 

-a  50, 
-0.9a 

-1.00 
29-1.77 
05-0^112 
74  -0. 68 


-0.34-0. 
-0,14 -a 
+3.0O|+3L 
+2.  20+2. 
+a  39  +(). 
-CL57,'a 

-i.og'-i 


u 

w 

02 

4a 

22 
74 
15 

ee 

-a  621-0.56 
51 


28 -a  so 


-0.87 


-a  62 


I 


-0.1 


-0.36-0.43 

-0.18-0.  or 

+1.^+144 
+2.72+3.44 

+a6a:+o.iM+o.57 

+o.a&-ai9 
-o.7a-aeo 

-L 38 -LIS 


-0,  le: 

+  1.91 

+2,30; 


-0.11 

-a  76 
-1.2s 

-0.56 

-0l58^ 


-0.78 

-oisa 

"0167 


-1.07 
-0.00 
"Ok  07 
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Tabla  VII. — Martha  diuma  de  la  temperatura  en  la  Hahana,  Diferenciat 
bihorarias  para  coda  mes  y  para  el  aiio  de  la  media  mensudl  y  anual, 
deducidas  del  pramedio  de  18  anos  (1897-1914), 


Horas. 


2... 
4... 

«... 

8... 
10... 
12... 
14... 
16... 
18... 
20... 
22... 
24... 


-1 
-2.26 
-2.45 
-1.31 
+1.67 
+2.65 
+2.76 
+2.20 
+0.82 
-0.04 
0.78 
-1.34 


-2. 
-2. 
-2. 
-1. 

+1 
+2. 
+3. 
+2. 
+1. 
-0. 
-0. 
-1. 


-2.37 

-3.01 
-3.24 
-0.76 
+2.19 
+3.04 
+3.08 
+2.52 
+1.07 
-O-a*) 


79 -a  82 


48 


-1.59 


-2.31 
-2.91 
-3.02 
+0.06. 
+2,32, 
+2.80 
+2.701 
+2.10 
+0.95 
-0.21 
-0.92 
1.61 


Dlf. 


Media. 


21.26 
-3.19 


21.65 
-2.80 


22.91 
-1.64 


-2.38 
-2.95 
-2.82 
+a50 
+2.47 
+2.75 
+2.44 
+1.97 
+0.94 
-0.31 
-0.95 
-1.70 


-2.29 
-2.68 
-2.42 

+a6i 

+2.62 
+2.67 
+2.34 
+1.68 
+0.80 
-0.45 
-1.11 
-1.78 


-2.45 
-2.85 
-2.71 
+0.50 
+2.84 
+3.04 
+2.63 
+1.841 
+a81| 
-0.48 
-1.14 
-1.88| 


-2.33 
2.74 
-2.80 
+0.30 
+2.78 
+3.14 
+2.64 
+1.69 
+a69 
-0.48 

-i.ir 

-1.78 


-2.19 
-2.53 
-2.67 
+0.33 
+2.62 
+3.01 
+2.44 
+1.56 
+0.37 
-0.40 
-1.02 
-1.68 


-1.87 
-2.15 
-2.29 

+aoi 

+2.03 
+2.46 
+2.24 
+1.50 
+0.35 
-0.24 
-a  79 
-1. 


-1.89-1.79 
-2. 19! -2. 15 
-2.35-2.33 
-0.44;-1.03 
+1.921+1 
+2. 58, +2. 63 
+2.471+2. 
+1.72+1.96 
+a47|+a58 
-0.19-0.20 
0.751-0.73 
-1.33-1.30 


-2.16 
-2.59 
-2.66 

-a  22 

+2.24 
+2.80 
+2.61 
+1.98 
+a84 
-0.26 
-a  91 
-1.59 


24.03 
-0.42 


25.44 


26.36 


+0.99+1.91 


26.92; 
+2.471 


27.0? 
+2.57 


26.60 


25.56 


+2.16+1.11 


23.52i  22.13 
-a  931-2. 32 


24.46 


En  la  preparacidn  de  las  tablas  que  presentamos  en  este  trabajo  sobre  la 
temperatura  de  la  Habana,  hemos  utilizado  solamente  los  datos  desde  1897  a 
1914.  Segiin  dejamos  eonslgnado  m&s  arriba,  la  colocaci<5n  de  log  termdmetros 
en  toda  la  6poca  anterior  dejaba  algo  que  desear  y  sus  Indlcaclones  no  of  reef  an 
seguridad  absoluta  de  alta  precisi6n. 

En  1897  se  instalaron  los  term6metros  en  caseta  de  persiana  construlda  en  la 
azotea  con  circulaci<5n  llbre  a  todos  los  vientos  y  sin  edlficios  cercanos  que 
pudiesen  Influir  en  ellos.  La  experlencia  mostr6  blen  pronto  algunas  de  esas 
deflciencias,  que  confirm6  despu^  el  curso  del  tiempo,  demostrando  que  las 
lecturas  termom^tricas  del  perfodo  anterior  pecaban  por  exceso,  sobre  todo  en 
dias  de  calma  en  verano. 

La  nueva  instalaci6n  en  caseta  de  doble  persiana,  de  doble  techo  de  madera, 
dominando  por  su  elevaci6n  casl  todos  los  edlficios  de  la  ciudad  en  sua 
alrededores,  y  con  tenn6metros  comparados  en  los  centros  clentfficos  mds 
acreditados,  ofrece  plena  satlsfaccl<5n,  y  solo  podrfa  mejorar,  si  en  vez  de 
estar  dentro  de  la  ciudad  estuviera  en  las  afueras  de  ella  en  terrene  algo 
«xtenso  y  cultivado,  sin  edlficios  pr6ximos  a  la  redonda  y  con  horizonte  ablerto 
a  la  llbre  circulacl6n. 

El  perfodo  de  18  afios  para  pafses  tropicales  es  tambl^n  jn&s  que  suficlente 
para  dar  resultados  de  alta  precision.  En  consecuencia,  los  valores,  que  aquf 
presentamos  sobre  el  Importante  factor  climatol6gico  de  la  temperatura,  pueden 
conslderarse  como  definitives  para  la  Habana,  al  menos  dentro  del  casco  de  la 
ciudad. 

Las  Tablas  V,  VI  y  VII  deflnen  la  marcba  regular  del  term6metro,  tanto  la 
dlurna  como  la  anual.  En  la  prlmera  de  dlchas  tablas  se  ponen  los  valores 
medlos  de  la  temperatura  en  cada  una  de  las  horas  de  observacl6n  blhorarla, 
correspondientes  a  cada  mes  y  al  afio.  Est&n  deducldos  de  los  promedlos  de 
los  18  afios  menclonados. 

Ck)mo  acaecfa  con  la  presK^n  atmosf^rlca,  las  observaclones  dlrectas  solo  nos 
dan  los  10  valores  de  las  horas  pares  desde  las  4  a.  m.  hasta  las  10  p.  m.  de 
cada  dia.  Los  dos  valores  restantes  que  faltaban  en  la  coleccl6n  para  com- 
pletar  el  perfodo  diumo,  en  vez  de  calcularlos  por  la  f6rmula  de  InterpolacWn 
que  usamos  para  la  presi6n  atmosf^rica,  han  sldo  hallados  tomando  los  valores 
dlarlos  de  esas  dos  horas  de  los  aparatos  registradores.  El  trabajo  fu^  fmprobo ; 
pero  era  grande  nuestro  interns  por  presentar  completo,  y  con  el  mds  alto  grade 
de  Dredsidn  poslble,  el  cfrculo  dlarlo  de  la  temperatura,  y  su  verdadera  media 
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mensual  y  anual ;  y  asf  desde  el  1'  de  enero  de  1897  hasta  el  31  de  dlclembre  de 
1914,  tenlendo  delante  el  reglstro  diario  eon  la  observacl<5n  de  10  noche  y  4 
manana,  y  la  curva  del  term6grafo  de  ese  intervalo,  hemos  Ido  anotando  dfa 
por  dfa  los  valores  de  la  temperatura  de  las  12  noche  y  2  mafiana  en  los  18 
afios,  para  calcular  los  promedios  correspondientes. 

Al  introduclr  las  dos  nuevas  observaciones  en  los  promedios  generales  cam- 
biaban  necesariamente  todos  sus  valores,  y  fu6  preciso  rehacer  niuy  prolijas 
operaciones,  para  poder  presentar  los  cuadros  de  este  trabajo.    La  media  ge- 


Enero 


febrero 


Fterzo 


Abril 


3- 


21:5  C 


zi%c 


22.9  c 


24.0  C 


Plancba  III  A.— Marcha  diama  de  la  temperatura  en  la  Habana. 

neral  ha  descendido  por  la  influencia  de  las  dos  observaciones  nuevas  de  24"*^ 
a  24*^.45  C,  que  puede  aceptarse  como  la  verdadera  representaci6n  de  la  tem- 
peratura para  la  Habana. 

La  Tabla  VI  muestra  la  varlaci<5n  media  bihoraria  del  term<5metro  en  cada 
mes  y  en  el  afio  en  cada  dos  horas  no  s<31o  en  la  magnitud  slno  tambi^n  en 
slgno ;  y  la  Tabla  VII  presenta  las  dlferencias  entre  la  media  general  de  cada 
mes  y  del  afio,  y  la  media  de  cada  hora  de  observaci^n  bihoraria.  Los  ntlmeros 
de  esta  tiltima  tabla  ban  servido  para  el  trazado  de  las  curvas  de  la  marcha 
dloma  de  la  temperatura  contenidas  en  la  Plancha  III  A  B  y  O. 
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Al  pie  de  la  Tabla  VII  reproduclmos  la  media  mensual  y  anual  para  mayor 
facilldad  en  el  examen  comparatlvo,  y  debajo  de  dlchas  medlas  mensualefl  se 
pone  la  dlferencla  de  las  mlsmas  con  la  media  general  del  afio,  que  ha  servldo 
para  el  trazado  de  la  curva  anual  de  la  Plancha  VI. 

Las  curvas  de  la  temperatura  estdn  trazadas  dando  a  la  ordenada  un  mill- 
metro  de  longltud  por  cada  d^dma  de  grado  oentigrado.  Los  ntLmeros  de  la 
Tabla  VII  son  la  medlda  de  dlcha  ordenada  en  cada  bora  de  observacl^^n  bl- 
horarla  para  la  curva  diurna,  y  en  cada  mes  para  la  curva  anual.    XJnlendo  laa 


Msyo 


Junb 


Agp^ 


27.0  C 


PUlHcha  m  B.— Marcha  dluma  de  la  temperatura  en  la  HalMna. 

cabezas  de  dlchas  ordenadas  con  llnea  regular  al  tenor  de  la  varlacldn  dlurna 
y  anual  se  obtuvleron  las  curvas  presentadas. 

El  examen  de  las  tablas  y  curvas  juntamente  muestra  que  la  marcha  dlurna 
de  la  temperatura  Inlcla  el  ascenso  desde  los  alrededores  de  la  sallda  del  sol, 
sube  rdpldamcnte  de  7  a  10  A.  M.  se  mantlene  elevada  hasta  las  proxlmldadet 
de  las  4  P.  M.  y  desclende  suavemente  hasta  la  minima  del  dfa  slgulente* 
ofredendo  un  mfnlmo  y  un  mdxlmo  cuya  osdlacldn  media  es  de  unos  5°. 5  G. 
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M  mfnimo  en  la'  mayor  parte  del  afio  tiene  lugar  cerca  de  las  6  A.  M.  y  ^ 
miizlmo  al  mediodfa.  En  mayo,  Junio  y  Julio  el  nifnlmo  se  adelanta  a  las  4 
A.  M.,  mientras  el  m&ximo  se  retrasa  a  las  2  P.  M.  en  los  meses  de  diciembre  a 
manso  inclusive.  Bl  mes  en  que  la  oscilaci^n  media  dinma  es  m&s  alta 
corresponde  a  marzo  con  6*^32  C,  y  el  de  menor  oscilaci<)n  es  octnbre  con 
4*.75  G.    La  oscilacidn  media  dinma  de  todo  el  afio  es  de  5"* .46  C. 


Aeptiembre 


odubre 


Hovierhbre 


Diciembre 


Afio 


26:6  C 


23.5C 


25.5  C 


22:1c 


24:4  c 


PULXCHA  in  C.—lfarelift  dluniA  de  la  tempeiattmi  en  1a  Habene. 

Bl  hecho  de  adelantarse  a  las  12  d^  dfa  o  algo  antes  el  miizimo  diumo  en 
los  meses  de  mds  calor  se  debe  a  la  inflnencia  de  las  turbonadas  el^ctricas  y  a 
la  brisa  baci^ndose  bien  patente  su  inflnjo  en  el  acbatamlento  de  la  curva  de 
algnnos  meses  desde  las  primeras  boras  de  la  tarde. 
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Tabla  VIII. — Temperatura  a  la  sombra  en  la  Eabana. 


Mes. 


Media- 


lamds 


Extrema. 


Encro 

Febrero.... 

Harzo 

Abril 

Mayo , 

Junio 

Julio 

Agosto 

Beptlembre 
Octubre..., 
Novlembre. 
DlcJembre. 

Afio 


2L3 
2L6 
22.9 
24.0 
2&4 
26.4 
26.9 
27.0 
26.6 
25.6 
23.6 
22.1 


19.5 
20.3 
21.0 
22.7 
24.5 
25.3 
26.3 
26.3 
25.8 
24.8 
2L8 
2a2 


3.5 
3.3 
3.6 
3.4 
2.3 
2.1 
1.4 
1.7 
1.6 
L7 
3.5 
3.3 


28.4 
29.6 
3a2 
31.2 
3L5 
32.2 
32.2 
32.5 
32.0 
31.4 
29.7 
29.4 


13.1 
13.6 
14.9 
17.1 
19.6 
21.7 
21.9 
22.1 
2L6 
20.1 
16.7 
14.8 


15.3 
16.0 
15.3 
14.1 
11.9 
10.5 

ia3 

ia4 
10.4 
11.3 
13.0 
14.6 


29.4 
3a6 
31.1 
32.2 
32.6 
33.5 
33.1 
33.6 
33.2 
32.4 
30.6 
302 


13.0 
13.3 
14.7 
16.8 
19.3 
21.1 
21.2 
21.5 
21.6 
19.6 
16.4 
14.5 


16.4 
17.3 
16.4 
15.4 
13.8 
12.4 
11.9 
12.1 
11.6 
12.8 
14.2 
15.7 


31.5 
32.6 
32.7 
34.2 
33.9 
35.5 
34.0 
35.0 
34.5 
34.2 
32.3 
32.2 


lao 
lao 

11.5 
14.1 
14.8 
19.0 
19.0 
19.8 
19.4 
16.7 
12.9 
11.8 


22.2 
23.2 
21.2 
20.1 
19.1 
16.5 
15.0 
15.2 
16.1 
17.5 
19.4 
20.4 


24.4 


25.1 


23.4 


1.7 


30.9 


18.1 


12.8 


31.8 


17,7 


14.1 


35.5 


lao 


25w5 


La  Tabla  VIII  presenta  los  caracteres  generates  y  mds  salientes  de  la 
temperatura  en  la  Habana.  Las  siete  prlmeras  columnas  rezan  solo  con  las 
observaciones  regulares  blhorarias,  mientras  que  las  sets  restantes  se  refieren  a 
las  temperaturas  extremas.  La  primera  columna  reproduce  la  media  general  de 
cada  mes  y  del  afio,  y  la  segunda  y  tercera  dan  la  mayor  y  la  menor  entre  las 
medias  de  cada  mes  y  del  afio  en  todo  el  perfodo  estudiado.  La  qulnta  y  sexta 
columna  nos  dan  para  cada  mes  y  para  el  afio  la  media  de  las  m&ximas  y 
mfnimas  correspondientes  a  las  boras  regulares  de  obseryaci6n.  Asf  las 
cifras  28.4  y  13.1  son  la  media  de  las  mdximas  y  mfnimas  de  los  18  eneros 
comprendidos  en  el  perfodo  de  tlempo  que  estudiamos,  y  las  cifras  30.9  y  18.1 
representan  la  mdxlma  y  la  minima  media  anual  deducida  de  las  medias 
m&ximas  y  mfnimas  de  los  doce  meses. 

La  segunda  parte  de  la  tabla  se  refiere  a  las  temperaturas  extremas  absolu- 
tas.  Las  columnas  octava  y  novena  dan  la  media  de  las  18  m&xlmas  y 
mfnimas  mensuales  para  cada  mes,  y  la  media  anual  estd  deducida  de  las 
medias  mensuales.  La  d^ma  y  unddclma  columnas  contienen  la  lectura  mds 
alta  y  mds  baja  registrada  en  cada  mes  y  en  el  afio  durante  todo  el  perfodo  de 
los  18  afios.  Las  tablas  y  curvas  gr^cas  que  acompafian  este  trabajo  nos  dis- 
pensan  de  descender  a  muchos  pormenores. 

La  media  general  del  afio  es  24^.4  0.  (76**  F.) ;  es  inferior  a  la  media  de 
Cayo  Hueso  donde  alcanza  25** .0  C:  en  M^rida  de  Yucat&n  es  25*.8  O.  y 
mirando  hacia  el  oriente  encontramos  en  Port-au-Prince  una  media  general  de 
27**.l  O.  La  mfixima  absoluta  de  todo  el  perfodo  estudiado  es  35*.5  C.  (96"  F.)» 
y  la  minima  tambi^n  absoluta  10'*.0  0.  (50"  F.)  dando  una  variaci6n  total  abso- 
luta de  25". 5  C.  (46"  F.). 

La  variaci6n  entre  las  mdximas  absolutas  anuales  es  muy  escasa  de  un  afio 
a  otro.  De  los  18  afios  solo  tres  veces  llegd  a  35". 0  C,  dos  de  las  veces  en  un 
mismo  afio,  y  solo  dos  veces  baj6  a  33"  O.  siendo  la  mayor  de  las  m&ximas  35".5 
y  la  menor  32".7  C,  que  dan  una  oscilacidn  de  2".8  G.  La  media  de  las  mdximas 
absolutas  anuales  es  34". 1  C. 

Mayor  resulta  la  variaci6n  absoluta  de  las  mfnimas  anuales  siendo  la 
mayor  14". 8  C.  y  la  menor  10". 0  C,  que  dan  una  diferencia  mdxima  de  4"^  O. 
La  media  de  las  minlmas  absolutas  es  11".6  O. 
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Los  datos  que  preceden  respecto  de  la  temperatura  en  la  Habana  pertenecen 
todos  al  perfodo  de  los  18  afios  (1897-1914).  En  afios  anteriores  hay  m&xlmas 
bastante  mAs  altas,  cuya  precisi6n  no  ofrece  toda  seguridad  por  las  condiclones 
de  exi)oslci6n  de  los  term6metros.  La  minima  absoluta  es  tambito  algo  mAs 
baja  y  alcanza  9**  .3  C. 

HUMEDAD   BELATIVA. 


El  grade  de  humedad  de  una  regi6n,  considerada  bajo  su  doble  aspecto  en  sn 
estado  de  vapor  y  en  toda  forma  de  precipltaci6n  acuosa,  es  el  factor  mds 
Importante  del  clima,  despu^s  del  factor  temperatura.  Trataremos  separada- 
mente  de  estos  dos  estados  del  factor  humedad,  abordando  primero  el  grade 
de  humedad  de  la  atm6sfera  procedente  de  la  cantidad  de  vapor  de  agua 
contenida  en  el  aire  atm6sferico,  que  se  llama  humedad  relativa,  y  tratando 
m&s  adelante  la  cantidad  y  distribuci6n  de  la  lluvia,  casi  la  t&nica  forma  de 
precipltacl6n  conoclda  en  Cuba. 

Se  entiende  por  humedad  relativa  el  grade  de  saturaci<5n  del  aire  ambiente, 
o  sea,  la  relaciOn  entre  la  cantidad  de  vapor  de  agua  que  existe  actualmente 
en  la  atmdsfera  envolvente  y  la  que  serfa  necesaria  para  saturar  dicha  atm6s- 
fera  a  la  temperatura  del  memento  de  la  observaci6n.  Se  expresa  en  cent^imas 
que  representan  el  numerador  de  esa  fraccl6n.  La  humedad  relativa  es  factor 
importante  del  clima  por  su  marcada  influencia  en  la  salubrldad  general.  El 
aire  htimedo  y  pesado  produce  depresi<5n  nerviosa  y  lenta  circulacl6n  de  la 
sangre.  EH  hombre  f^cilmente  resiste  temperaturas  altas  sin  gran  molestia, 
si  el  aire  estd  bastante  seco ;  pero  si  el  aire  ^td  saturado  el  organismo  slente 
luego  ambiente  insalubre,  las  altas  temperaturas  se  hacen  pronto  Insoportables, 
y  a  permanecer  mucho  tiempo  bajo  su  influencia  el  cuerpo  humane  comenzar&  a 
ezperimentar  alza  de  temperatura. 

El  aire  seco  y  cdlido  favorece  la  evaporaci<5n  cutanea  y  el  consigulente 
enfriamiento.  El  aire  saturado  hace  imposible  esa  evaporaci6n  y  deja  el 
organismo  a  merced  de  la  temperatura  ambiente.  Los  grados  intermedios  de 
humedad  influirdn  en  proporci6n  al  grade  de  saturaci6n  que  alcancen,  pero 
cierta  cantidad  de  vapor  en  el  aire  es  beneficiosa  y  aun  necesaria  al  bienestar 
de  nuestro  organismo. 

Tabla  IX. — Marcha  diuma  de  la  humedad  relativa  en  la  Habana.  Medias 
hihorarias  de  cada  mes  y  del  a^,  deducidas  de  los  promedioa  de  43  afios 
(1872-1914), 


Boras. 

s 

£ 

Mano. 
Abril. 

1 

6 

1 

»-» 

< 

1 

1 

j 

i 

4 

84.37 
84.78 
81.91 
69.62 
63.69 
63.62 
66. 4S 
73.44 
77.10 
79.63 

84.28  83.37 
84.57    84.03 

82.63 
82.95 
71.53 
60.87 
57. 8i 
58.33 
60.48 
66.95 
73.12 
76.06 

8.5.67 
85.19 
72.20 
62.77 
62.02 
62.60 
64.77 
70.23 
76.35 
79.15 

87.86 
87.19 
74.65 
65.29 
64.86 
66. 9S 
67.49 
73.06 
79.91 
82.65 

87.30 
86.91 
74.25 
62.  7h 
62.38 
6.3.80 
66.43 
71.09 
78.22 
81.50 

87.76 
87.88 
77.66 
64.97 
63.83 
66.36 
68,10 
73.33 
79.30 
82.24 

88.74 
89.21 
.80.79 
68.44 
66.24 
68.03 
71.13 
77.29 
81.30 
83.80 

86.66 
86.93 
80.10 
69.78 
67.51 
68.30 
7L33 
76.74 
79.47 
81.67 

.84.78 
86.12 
79.64 
68.57 
66.14 
66.61 
69.14 
74.96 
77.79 
8ai7 

83.64 
84.13 
80.67 
69.00 
64.03 
64.07 
67.35 
73.84 
77.15 
79.18 

85.60 

6 

85.74 

8 

10 

80.  2s 
66.52 

76.43 
62.19 

77.48 
66.82 

12 

60.69 
60.47 
63.44 
70.71 
75.70 
7a  21 

58.19 
&«?.30 
60.82 
67.83 
73.44 
76.75 

63.03 

14 

63.70 

10 

66.41 

18 

20 

72.46 
77.40 

22 

80.08 

Media 

74.46 

,^4. 

7a  14 

68.98 

72.10 

74.88 

73.47 

76.04 

77.60 

76.86 

76.08 

74.30 

73.77 
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Tabla  X. — Marcha  dmma  de  la  humedad  relativa  en  la  Habana,    TariacMn 
media  hihoraria  mensual  y  anual,  deducida  de  4S  anos  (1872-1914). 


1 

1      1 

1     s 

Bona, 

i 

£ 

a 

< 

1 

d 

1 

1 

1 

1 

i 

6 

4-6 

+  0.41 

+  0.29+  0.66 

-  0.32 

-  0.481-  0.67 

-  0.39+  0.12 

+  0.471+  0.27 

+  0.34  +  0.49 

+  0.16 

6-8 

-  2.87 

-  4.29-  7.60-11.42 

-12.99-12.64 

-12.66 

-10.22 

-  8.42 

-  6.83 

-  5.58-  3.56 

-  8.26 

»-10.... 

-12.29 

-13.76-14.24 

-11.66 

-  9.43!-  9.26 

-11.47 

-12.69 

-12.35 

-10.32 

-10.97-11.57 

-11.66 

10-12... 

-  6.03 

-  6.83 

-  4.00 

-  2.04 

-  0.75,-  0.44 

-  O.40 

-  1.14 

-  2.20 

-  2.27 

-  3.43-  4.97 

-2.79 

ia-14... 

+  0.08 

-  0.22 

+  0.11 

+  0.60+  0.581+  1.13 

+  1.42 

+  1.52 

+  1.79 

+  0.79 

+  0.47+  0.04 

+  0.67 

14-16... 

+  2.86 

+  2.97 

+  2.62 

+  2.16 

+  2.17+  1.51 

+  2.63 

+  2.75 

+  8.10 

+  3.03 

+  3.53+  8.28 

+  2.71 

16-18... 

+  6.96 

+  7.27 

+  7.01  +  6.47 

+  5.46+  5.57 

+  4.66 

+  5.23 

+  6.16 

+  5.41 

+  5.81+  6.49 

+  6.06 

18-20. . . 

+  3.66 

+  4.99+  5.611+  6.17 

+  6.12+  6.85 

+  7.13 

+  5.97 

+  4.01+  2.73 

+  2.84  +  3.31 

+  4.W 

20-22... 

+  2.63 

+  2.51+  3.31+  2.94 

+  2.80+  2.74 

1 

+  3.28 

+  2.94 

+  2.50j+  2.20 

+  2.38+  2.03 

+  2.68 

Tabla  XI. — Marcha  diuma  de  la  humedad  relativa  en  la  Habana.  Diferen- 
cia%  mediaa  bihorarias  para  cada  mes  y  para  el  aHo  de  la  media  mentwil 
y  anual,  deducidas  del  prom4id%o  de  43  afio$  (1872-1914). 


Horas. 


4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

Kedto.. 
Dlf«- 
renoia. 


i 


+  9.92'+11.79 
+10.33+12.08 
+  7.46+  7.79 

-  4.83-  5.97 
-10.86-11.80 
-10.83-12.02 

-  7.97—  9.05 

-  l.Oli-  1.78 
+  2.65+  3.21 


29 
95 
95 
84 
32 
31 
.  _.™  .  ^-_.  .  „.30 
+  6.1H+  6.72+  6.61 


s 


+13. 
+13. 
+  6. 

-  7. 
-11. 
-11. 

-  9. 
2. 

+  8. 


23 


i 
74.45|    72.49 

+  0.68J-  1.28 


70.14 
-  3.63 


+13. 
+13 
+  2. 

-  9. 
11. 

-10. 

-  8. 

-  2. 
+  4. 
+  7. 


-  4.79 


+13. 
+13. 
+  0. 

-  9. 
-10. 

-  9. 

-  7. 

-  1. 
+  4. 


08+  7, 


72.10 
-  1  67 


+12. 
+12. 
+  0. 

-  9. 
-10. 

-  8. 

-  7. 

-  1. 
+  5. 
+  7. 


9fq+13.83 
44 

78 


74.88 
+  1.11 


+13. 
+  0. 
-10 
-11. 

-  9. 

-  7. 
82-2. 

+  4. 
+  8. 


+12.72+11.24 
7j 


+12.84 

+  2. 
69-10.07 
091-11.21 
67-  9.69 
04-  6.94 
38-  1.71 
75,+  4.26 
03+  7.20 


78.47 
-  0.30 


75.04 
+  1.27 


+11 

3. 

-  9. 
-11. 
-11. 

-  6. 

-  0. 
+  3. 
+  6. 


62+  3.29  + 
06 
26 
47 
87 
21 
80 
30  + 


77.50 
+  3.73 


+  9.81 
+10.08 
3.25 

-  7.07 

-  9.34 

-  8.65 

-  6.62 

-  0.11 
+  2.62+  2. 

4.82+  5. 


76.86 


I 


+  9. 
+10. 
+  4. 

-  6. 

-  9. 

-  9. 
-6. 

-  0. 


.   0.84 
+  0.83+11. 


70  + 


46+  6.27  + 


76.06 


+  8.08+  1.81 


1 


-  6.80 
-10.27 
-10.28 

-  6.96 

-  0.46 
+  - 
+  4. 


2.86  + 


74.80 
+  0.68 


88  + 


+11.88 
.9! 
8.71 
-7.96 
-10.74 
-10.07 

-  7.86 

-  1.81 
8.68 
6.81 


78.77 


En  las  Tablas  IX,  X  y  XI,  Junto  con  la  Plancha  IV  A  y  B  presentamos  la 
marcha  diuma  de  la  humedad  relativa  para  cada  mes  y  para  el  afio.  La 
Tabla  IX  da  los^  valores  medlos  para  las  horas  de  observacidn  hihoraria  de 
cada  mes  y  del  aQo.  Est^n  deducidos  de  los  promedios  de  43  afios  (1S72-1914). 
No  hemos  podido  calcular  los  valores  de  las  12  noche  y  2  mafiana  por  falta  de 
tiempo.  Por  eso  damos  solamente  los  10  valores  correspondientes  a  las  10 
observaclones  diarias  desde  las  4  A.  M.  hasta  las  10  P.  M.  Aslmismo  las 
eurvas  ^uedan  en  bianco  desde  las  10  P.  M.  a  las  4  A.  M.  La  Tabla  X  nos 
ensefla  la  variaci43n  media  diurna  de  dos  en  dos  horas  en  signo  y  magnitud 
para  cada  mes  y  para  el  afio. 

La  Tabla  XI  da  las  diferencias  de  la  humedad  relativa  entre  las  medlas 
bihorarias  de  cada  mes  y  del  afio  y  la  media  general  del  mes  y  del  afio.  Los 
ntimeros  de  esta  Tabla  XI  han  servido  para  la  construcci6n  de  las  eurvas  de 
la  Plancha  IV  A  y  B.  Al  pie  de  dicha  Tabla  XI  reproducimos  la  media 
mensual  y  anual  para  comodidad  en  la  comparaci6n,  y  debajo  de  dlchas  mediaa 
mensuales  se  escribe  la  dlferencia  de  las  mismas  con  la  media  general  del  afio, 
que  ha  servido  para  el  trazado  de  la  curva  anual  de  la  Plancha  VI. 

Las  eurvas  de  la  Plancha  IV  estdn  construidns  dando  a  la  ordenada  doB 
milfmetros  por  cada  unidad  de  dichns  diferencias  o  sea  por  cada  cent^ima 
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de  humedad  relatlva.  Pero  en  la  curva  anual  de  la  Plancha  VI  por  ser 
may  pequefias  esas  diferencias  le  hemos  dado  cinco  miUmetros  por  cada  unidad 
de  las  mismas. 

La  primera  ojeada  a  las  curvas  de  la  Plancha  lY  hace  resaltar  de  un  mode 
briUante  que  la  marcha  dlurna  de  la  humedad  relatlva  es  totalmente  Inversa 
de  la  temperatura.    Bastarfa  hacer  glrar  alrededor  de  su  eje  o  linea  central 


.    10 


Enero 


rebrero 


Marzo 


Abril 


lioyo 


Junio 


)      2      4      6      8      10     12     14     16     16     20    22   2 

^^  /\- 

"""^Kjy 

:  \v..7Z 

--%yy^- 

\^    / 

5 
74.46 

72.53 

70.14 

65.15 

72.10 

72.66 


Plancha  IV  A.— Marcha  diama  de  la  hamedad  relatlva  en  la  Habana. 

cualqulera  de  las  curvas  de  un  factor  para  obtener  las  del  otro  con  notable 
aproximaddn.  Arranca  la  curva  de  la  humedad  relatlva  con  un  valor  mAximo 
hacla  las  4  A.  M.,  desciende  con  r&plda  pendlente  entre  7  y  10  A.  M.,  completa 
la  inversK^n  con  curvatura  regular  y  moderada  alcanzando  un  mfnlmo  hacla 
medio  dfa,  y  desde  cerca  de  las  4  P.  M.  Inlcla  m&i  pronunclado  ascenso  cuya 
pendlente  va  dedlnando  por  grades  hasta  las  10  P.  M. 
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Media- 

Extrema. 

Mes. 

Gene- 
ral. 

lamAs 

Dife- 
rencia. 

M&xi- 

ma 
media. 

MlDi- 

ma 

media. 

1  M&xl- 
Dlfe-       ma 
rencia. ,  abso- 
1   luta. 

Mini- 
ma 
abso- 
luta. 

Diffe- 
rencia. 

olta. 

b«Ma. 

Enero 

74.46 
72.53 
70.14 
68.13 
72.10 
72.68 
74.17 
75.03 
77.48 
76.84 
75.08 
74.30 

79.6 
77.2 
76.2 
74.8 
81.2 
81.3 
79.3 
79.6 
83.3 
82.0 
80.3 
8a9 

68.9 
67.3 
64.4 
62.9 
66.2 
68.1 
68.3 
69.2 
72.7 
72.8 
68,7 
66.7 

10.7 
9.9 
11.8 
11.9 
15.0 
13.2 
11.0 
10.4 
10.6 
9.2 
11.6 
14.2 

96.1 
93.8 
94.6 
93.6 
92.0 
96.3 
93.8 
94.6 
95.1 
95.8 
96.0 
94.3 

43.9 
41.4 
89.3 
38.9 
4a7 
47.1 
45.7 
47.9 
50.9 
49.8 
47.8 
45.9 

52.2 
52.4 
65.3 
54.7 
51.3 
48.2 
48.1 
46.6 
44.2 
46.0 
4&2 
48.4 

100 
100 
100 

98 
100 
100 

99 
100 

99 

99 
100 
100 

33 
28 
17 
22 
27 
37 
36 
37 
38 
38 
33 
33 

67 

72 

Mareo 

83 

Abril 

70 

Mayo 

78 

JuDio 

63 

JuJio 

68 

Agosto 

68 

Septiombre 

61 

Octubre 

61 

Novlembre 

67 

Dioiembre 

67 

Alio 

73.68 

75.4 

71.3 

4.1 

94.3 

44.9 

49.4 

100 

17 

83 

Juio 


A^osto 


5eptbre 


Ociubrc 


Novbre 


Dicbrc 


An3 


0     2       4      6      8      K)     1 

Z     14    16     le     20    22  2' 

■        --x\ 

" 

/ 

> 

-I 

\  r 

\\- 

y  ^-^^ 

xc 

-^  ;/  ": 

>^^^ 

//' 

\v 

\ 

r 

/ 

15 

10 

5 

75.03 

77.4© 

76.64 

75.00 

74.30 

73.5a 
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La  variacl6n  media  diurna  alcanza  un  valor  bastante  elevado  de  22.71  para 
todo  el  aQo;  siendo  la  mdxima  media  en  marzo  con  25.88,  y  la  mfmiiia  media 
en  octubre  con  19.42. 

La  Tabia  XII  mnestra  los  caracteres  generates  mds  salientes  de  la  humedad 
relatlva  durante  el  aflo.  No  necesita  explicaci6n  por  ser  andloga  a  la  de 
BUS  similares  anteriores.  Por  ella  se  ve,  que  si  bien  el  grado  de  humedad  en 
conjunto  es  elevado,  no  es  sin  embargo  peligrosamente  excesivo.  Los  casos 
de  saturaci6n  se  observan  con  alguna  frecuencia,  pero  duran  poco ;  y  las  varla- 
ciones  alcanzan  Ifmites  considerables.  La  columna  s^ptima  de  la  Tabla  XII, 
que  da  las  dlferencias  entre  la  media  de  las  mdxlmas  y  la  media  de  las  mlni- 
mas  mensuales,  contiene  cifras  cuyo  promedio  se  acerca  a  los  50.  El  grado 
mka  bajo  de  humedad  relativa  registrado  en  el  observatorio  durante  los  43 
afios  es  17  en  el  mes  de  marzo  dando  una  variaci6n  total  absoluta  de  83. 

ten8i6n  del  vapob. 

La  tension  del  vapor  de  agua  en  la  atm6sfera  constituye  un  mismo  factor 
€limatoI6gico  con  la  humedad  relativa  y  es  un  elemento  importante  y  necesario 
para  la  determinaci6n  de  la  misma.  Una  y  otra  cantidad  han  sido  halladas  por 
las  Tablas  de  Arnold  Guyot,  construidas  segUn  la  f6rmula  de  August  modificada 
por  Regnault,  publicada  por  la  Smithsonian  Institution. 

Respecto  de  la  tensi6n  del  vapor  de  agua  en  el  aire  ambiente  nos  limitaremos 
a  presentar  las  tablas  an&logas  a  las  de  la  humedad  relativa  que  den  idea  de 
la  marcha  diurna  de  dicha  tensi6n  y  sus  caracteres  m&s  salientes  durante 
el  aflo. 

Tabla  XIII. — Marcha  dUima  de  la  tensidn  del  vapor  de  la  atmdsfera  en  la 
Habana,  Medias  bihorariaa  de  cada  mes  y  del  aflo,  deducidan  de  los  prome- 
dios  de  4S  afios  ( 1872-19 U). 


Haras. 

1 

1 

1 

1 

i 

S 

1 

1 

1 

1 

j 

1 

S5 

j 

d 

4 

6 

14.17 
14,0ft 
14.40 
14.61 
14.fi6 
14.62 
14.80 
14.97 
14.87 
14.75 

14.32 
14,20 
14.57 
14.40 
14.31 
14.48 

14.75 
14.63 
15.14 
14.73 
14.74 
14.94 

15.80 
15.71 
16.15 
15.67 
15.81 
16.02 
16.24 
16.44 
16.52 
16.45 

17.75 
17.83 
18.41 
18.02 
18.29 
18.28 
18.44 
18.50 
18.60 
18.51 

19.66 
19.80 

19.76 
2a  03 

20.12 
20.26 
21.21 
2a  68 
2a  82 
20.96 
20.96 
21.08 
21.01 
20.99 

20.21 
20.18 
21.20 
20.68 
20.80 
20.91 
2a  96 
21.03 
20.96 
2a  88 

18.78 
18.53 
19.39 
19.06 
19.19 
19.22 
19.11 
19.30 
19.24 
19.21 

16.44 
16.36 
16.89 
16,71 
16.72 
16.84 
16.88 
17.05 
16.99 
16.90 

14.64 
14.56 
14.96 
15.10 
14.93 
15.04 
15.23 
15.39 
15.31 
15.15 

17.20 
17.18 

8 

10 

20.75|  20.92 
20.30  30.27 
20.42!  20.57 

20.45  2a64 
2a 49  20.59 

20.46  2a67 

20.47  20.70 
20.32  2a 71 

17.83 
17.61 

12 

17.60 

14 

17.70 

16 

14.74|  15.16 
15.05   16.39 
15.11    15.49 
15.00;  16.37 

17.80 

18 

17.95 

20 

17.94 

22 

17.88 

Media 

14.  S9 

14.62   15.03 

16.08 

18.27 

20.31   20.40 

2a  79 

2a  78 

19.10 

16.78 

15.03 

17.66 

TABI.A  XIV. — Marcha  diurna  de  la  tensidn  del  vapor  de  la  atmdsfera  en  la 
Habana,  Variaci&n  media  bihoraria  mensuaX  y  anual,  deducida  de  los 
promedios  de  43  afios    (1872-191^), 


Horas. 


S 
(2 


C-8.... 
S-10... 
10-12.. 
12-14.. 
14-16.. 
16-18.. 
18-20.. 
20-32.. 


-an 

+a34 

+a2i 

+ao5 

-aw 

+ai8 

+ai7 

-a 

-a  12 


-a  12 
+a37 
-a  17 
-a  09 
+ai7 
+a26 
+a3i 

1.06 
-0.11 


loi+a 


-0. 12  -a 
+a5i+a 
-a4ii-a 
+aoi!+a 
+a20+a 
+a22+a 
+a  23  +a 
+a  10  +a 
-a  12,-0. 


+ao8 
+a58 
-a  39 
+a27 
-a  01 
+ai6 
+ai5 
+aoi 
-a  09 


+ai4 
+a95 
-a  45 
+ai2 
+ao3 
+ao4 
-a  03 
-a  20 
+ao6 


+a32 
+a85' 
-a  65 
+a3o 
+ao7 
+ao5 
+ao8 
+ao3 
+a24 


+ai4-ao3 

+a95+L02 

-a  63; -a  52 
+a24|+ai2 
+ai3+aii 
+0.01 +a  06 
+ao7+ao7 

a  02, -0.07 

-a  02. -a  08 


-a  25 
+a86 
-a  33 
+ai3 
+ao3 
an 
+ai9 

-0.06 

-a  03 


-a  08 
+a53 
-a  18 
+aoi 
+ai2 
+ao4 
+ai7 
-a  06 

-0.09 


-a  08 
+a40 

+0.14 
-0.17 
+0.11 

+ai9 
+ai6 
-a  08 
-a  16 


-a  02 
+a65 
-a  17 
+ao6 
-a  02 
+aio 
+a  15 
a  03 
-a  05 
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Tabla  XV. — Marcha  diuma  de  la  tension  del  vapor  de  la  atmdifera  en  la 
Hahana,  Diferencias  mediaa  bihorarias  para  cada  mea  y  para  eZ  afio  'de 
la  media  mensual  y  anual,  deducidas  del  promedio  de  4S  aHo8  (1872-1914), 


Horas. 


I    'I 

e  !  I 


4.. 
«.. 
8.. 
10.. 

la.. 

14.. 

le.. 

18.. 
90.. 
22.. 


Media 

DiferoQOla. 


-0.42 
-0.63 
-0.19 
+0.02 
+0.07 
+O03 
+0.21 
+0.88 
+0.28 


+0.16+0. 


30 -O 
42|-0. 
05 +0 
22-0. 
31-0. 
14) -0. 
12; +0. 
43+0. 
49+0. 
38]+0. 


62-0 


32+0. 
+0. 


24 


+0. 


-0.67 
-0.63 
+0.42 
-0.21 
08-0.03 
+0.16 
+0.17 
1.18+0.24 
+0.22 
"  20 


21 


22+0.2 


02+0. 


39 
47 
07 
07 
10 
01 
10^+0.20 


12+0. 


-0.46 
-0.48 
+0.17 
-0.16 
-0.06 
+0.04 
+0.14 
36+0.29 
28+0.28 
12+0.20 


14.69 
-3.07 


14.62 
-3.04 


15.03 
-2.63 


16.08 


18.27 


-1.68+0.61 


20.81 
+2.66 


20.40 
+2.83 


20.70 
+8.18 


20.78 


19.10 


+3.12+1.44 


16.78 
-0.88 


16.03 
-2.68 


17.66 


Las  Tablas  XIII,  XIV  y  XV  contienen  los  valores  medlos  bihorarios,  sos 
variaciones  de  dos  en  dos  horas  y  las  diferencias  bihorarias  de  cada  mes  y  del 
afio  con  las  medlas  generates  de  los  mismos,  que  han  servldo  para  constmir 
las  curvas  de  la  marcha  dlaria  de  la  tensl6n  del  vapor  en  la  Plancha  V,  y  la 
de  la  marcha  anual  en  la  Plancha  VI.  En  la  Plancha  V,  por  ser  muy  pequefias 
las  diferencias,  se  di6  a  la  ordenada  dos  mlllmetros  por  cada  d^dma  de  los 
ntimeros  de  la  tabla.  En  la  curva  annal  de  la  Plancha  VI  se  di6  a  la  ordenada 
solo  un  milfmetro  por  cada  dMma.  Tampoco  se  dan  valores  mds  que  de  las 
10  observaciones  dlarlas  por  la  razdn  apuntada  al  tratar  de  la  humedad  relativa. 

Tabla  XVI. — Tensidn  del  vapor  de  la  atmdsfera  en  la  Hahana, 


Mediar- 


gene- 
lal. 


alta. 


iMja. 


DifD- 

renoia. 


Bxtrema. 


M4- 

xima 
media. 


Mi- 
nima 
media. 


Diib- 
reooia. 


M4- 

zima 
abso- 
luta. 


Mi- 
nima 
abeo- 
luta. 


I>ll». 
renoia. 


Enero 

Febrero.... 

Marao 

Abril 

Mayo 

Jimio 

Julio 

Agoeto 

Septiembre 
Octabre.... 
Noyiembre. 
Dieiembre. 

Afto 


14.67 
14.63 
16.03 
16.08 
18.26 
20.30 
20.48 
20.81 
20.78 
19.14 
16.79 
16.03 

17.64 


16.84 
16.54 
17.11 
18.18 
20.39 
21.96 
22.28 
22.68 
22.44 
21.39 
19.61 
16.91 

18.66 


12.22 
12.40 
12.37 
13.44 
16.21 
18.83 
19.22 
19.87 
19.71 
17.60 
13.76 
11.99 

16.96 


4.62 
4.14 
4.74 
4.74 
4.18 
3.13 
3.06 
2.71 
2.73 
3.79 
6.76 
4.92 

2.70 


19.84 
19.77 
20.26 
21.00 
22.77 
24.08 
24.01 
24.24 
23.99 
23.47 
21.82 
2a  46 

22.16 


8.03 
7.06 
8.79 
9.92 
12.60 
16.07 
16.24 
16.91 
16.77 
12.68 
10.09 
8.42 

11.97 


1L81 
12.71 
11.47 
11.17 

iai7 

8.01 
7.77 
7.33 
7.22 
ia79 
11.73 
12.04 

iai8 


22.66 
23.76 
23.02 
26.63 
26.44 
27.83 
26.96 
27.60 
26.89 
26.85 


22.14 
27.83 


4.91 
6.30 
6.42 
6.73 
8.06 
13.08 
12.99 
13.74 
12.83 
8.08 
&67 
6.30 

4.91 


17.66 
1&46 
17.60 
20.90 
18.88 
14.76 
13.96 
13.76 
14.06 
17.77 
17.86 
1&84 

22.02 
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Tabla  XVII. — Cuadro  de  la  Uuvia  en  la  Habana  en  56  afios, 
[Bn  mllfmetros.] 


IMO.... 

1882.... 
1803.... 
1864.... 
1866.... 
1806.... 
1867.... 
1868.... 
1809.... 
1870.... 
1871.... 
1872.... 
1873.... 
1874.... 
1876.... 
1876.... 
1877.... 
1878.... 
187».... 
1880.... 
1881.... 
1882.... 
1883.... 
1884.... 
1886.... 
1886.... 
1887.... 
1888.... 
1889.... 
1890.... 
1891.... 
1802.... 
1803.... 
1894.... 
1896.... 
1896.... 
1807.... 
1808.... 
1800.... 
1900.... 
1901.... 
1902.... 
1903.... 
1904.... 
1906.... 
1900.... 
1907.... 
1908.... 
1900.... 
1910.... 
1911.... 
1912.... 
1913.... 
1914.... 

Media 


148.2 

66.8 

16.6 

66.4 

41.3 

114.4 

124.0 

61.1 

73.4 

81.8 

61.3 

38.0 

63.0 

160.7 

136.2 

41.8 

43.7 

1L3 

149.7 

226.4 

13.6 

29.6 

100.7 

a7 

119.6 
80.7 
64.8 
68.3 
84.6 

a6 

146.6 
13.2 
87.6 
22.8 

106.9 
1L6 
1L4 
28.2 

16a  2 

a6 

49.0 
6a6 
234.0 
187.1 
72.6 
64.0 
32.7 
74.8 
64.9 
2a8 
02L2 
32.2 

oai 

70.0 
67.4 
126.0 


74.1 


&0 
86.8 
16.0 
29.7 

7.0 
36.4 
74.3 
00.0 
20.5 
60.9 
61.6 
41.2 

ao 

47.2 
23.8 
33.1 

103.8 
42.7 

13a  0 

16a  3 
37.7 
10.1 
79.7 
3.7 
28.6 
46.3 

140.8 
27.8 

a2 

78.0 
111.0 
16.9 
45.7 
31.5 

0.7 
32.1 
128.2 
167.8 
3L3 
6L5 
76.9 
85.1 
39.9 
66.7 
87.0 
42.8 

2.1 
27.0 

7.9 
20.3 
35.9 
11.0 

LO 
61.8 

4ao 

24.9 


19.8 
18.9 

oao 

6a8 
68.7 
94.8 
68.6 
14.0 
13.2 
38.2 
63.4 
26.3 
9.0 
27.0 
26.0 
2.7 
27.2 
10.7 
31.0 

151.4 

19.2 

1.5 

35.8 

7.5 

243.5 
64.0 
3a2 
18.6 
89.4 
39.5 

128.3 
13.8 

126.6 
43.1 
14.2 
6L6 
33.3 
03.6 
8L7 
26.1 
23.1 
80.7 
13.1 
32.5 

123.6 
25.7 
27.3 
54.1 

ao 

6.3 
00.3 

ia5 

27.0 
51.9 
88.0 
11.0 


49.0] 


47.0 


las 

162.9 
52.0 
25.7 
9.7 
62.1 
L9 
49.0 
3a5 

167.6 

578.4 
62.0 
2.5 
4.9 

126.0 
43.7 

106.2 
60.0 
28.4 
51.6 
3a6 
2.0 
81.7 

124.8 
48.4 
17.4 
80.4 

204.0 
68.3 
20.0 
67.0 
1.5 
6a4 

a5 

28.6 

2ao 

47.1 

ao 

144.0 

22.0 

21.8 

7.01 

13.9 

3&8 

11.4 

17.5 

181.2 

19.4 

5.3 

1.9 

4a6 

5.2 

112.7 

5.2 

22.4 

106.0 


60.8 

27.1 
112.7 

82.7 
26a5 

65.7 
137.2 

44.4 
188.2 

97.7 

63.1 
119.3 
16a  5 

74.8 

6a4 

68.6 

78.4 
108.3 
81.0 
45.8 

loae 

44a9 
86.5 

193.5 
4a3 
60.4 

161.2 
77.7 
17.4 

344.9 
20.6 

444.7 

4ai 

32.2 
147.1 

66.0 
12&0 

68.6 
&4 

35.2 

4a  2 
252.7 
270.6 

as 

64.4 

887.8 

lao 

368.4 
85.2 
54.8 
78.4 

8a3 

16L4 
60.6 
46.4 

181.1 


76.1 

loao 

81.0 
280.7 

81.8 
186.7 

20.7 

04.1 
36a8 

66.2 
122.7 
2ia6 

oa5 

87.1 

i2ao 

387.4 
31.4 
242.4 

oa7 

72.5 
804.3 
241.0 

6a5 

84.0 
100.0 
275.4 
203.0 
32a4 
386.0 
201.2 
23a2 

38.2 

sao 

44ai 

272.1 

172.2 

95.5 

42a3 

133.0 

74-^ 

84.3 

89.0 

163.6 

32a4 

184.6 

65.7 

46.7 

103.1 

148.9 

170.2 

123.3 

iia8 

233.5 
327.0 
28a5 
31.1 


94.4 
88.6 

124.1 
207.8 

64.3 
13a  3 

6a9 
313.3 
170.5 

4a  6 
104.8 
208.2 

16a  0 

103.5 
20.3 

126.0 
60.0 

247.1 

183.8 

oa2 

43.6 
114.7 
198.7 
150.4 
128.7 

24.8 

ia3 

382.5 
81.5 
105.9 
133.0 
181.0 
15a  4 
127.7 
117.0 
120.7 

uai 

7a7 

162.0 
147.0 
97.0 
154.2 

^sao 

71.8 
168.0 
86.0 
66.3 
87.6 
04.7 
133.4 
14a  4 
02.3 
62.3 
73.0 
67.9 
6a2 


57.2   lia3   172.8   123.7   146.1   147.8   171.1 


202.2 
154.6 
22a2 
144.0 
20a6 
18a  0 
145.4 
112.4 
106.6 
75.21 
103.8 

sal 

211.5 
102.0 
114.0 
168.7 
200.2 

oas 

189.9 
175.9 
184.7 

67.0 
163.0 
107.4 

92.0 
252.0 
114.9 
254.7 
13a  1 

3a7 
237.6 
133.4 
221.6 
146.0 
182.3 

6ao 

118.0 
96.6 
145.2 
171.3 
12.0 
55.4 

15a  6 

04.0 
122.5 
117.3 
178.0 
16a  1 

6a5 
216.7 
132.5 
184.5 
112.6 
279.5 
129.3 

67.5 


loa 
16a  7 

128.8 
1210 
117.2 

02.2 
18a  0 
173.0 
163.6 
137.0 
178.8 

61.5 
406.0 
215.8 
174.8 
16a5 
264.6 
113.2 
14a  7 
168.0 
146.7 
121.0 
135.1 
120.7 
104.0 
147.3 
152.4 
114.8 

62.1 
164.4 

84.1 
311.7 
130.6 
234.6 

80.1 
26a7 
344.7 
145.5 
193.4 
143.0 

63.7 
118. 
148.8 
125.6 

01.0 

04.0 

85.5 
266.0 

75.8 
14a  3 
117.6 

92.5 

a9 

148.1 
158.7 
103.0 


262.0 

iia7 

186.2 

19a8 

132.4 

13a8 

22ai 

166.3 

27a 

221. 

65.0 
253.1 
118.2 
181.8 
173.1 
237.8 

8a7 
257.0 
111. 
199.1 

91.3 

oao 

31.6 

iia3 

111. 
78. 
103.1 
133.7 
163. 
100.7 
215.8 

6a 

368.4 
302.5 
338.0 
348.7 
8ia7 

37.3 

7a6 
284.7 
126.6 

38.7 
16a  2 

03.5 
134.3 
131.8 

54.0 
307.0 

76.8 
32a  6 
802.0 
404.6 

46.4 

76.3 
102.4 
105. 0 


151.0 
16.0 
16.9 
67.9 
63.3 
67.1 

14&7 
04.1 
87.4 

2ia8 
22.2 
47.7 
23.0 

101.9 
41.2 
84.0 
12.0 

4ao 
i9a9 

42.4 
24.2 
8.0 

114.1 
48.2 
32.8 

282.0 
48.8 

lao 
8ao 

180.9 
99.3 

201.5 

131.0 
6a6 

106.1 

loao 

54.0 

8a7 

36.8 
47.7 
78.0 

ia2 

23.7 
130.3 
173.0 
74.0 
44.0 

oa3 

14.2 
63.4 
87.5 
61.0 

26a4 
35.8 

177.3 
81.3 


sai 


82.0 
76.7 
6a7 

sao 

113.7 

00.1 

4.4 

2a9 

iia9 
4ao 

27.7 
18.1 

loao 
loao 

08.1 
07.4 

ao 
oao 

22a9 
21.1 
24.1 

ioa2 

133.1 
138.4 
8.1 
21.0 
01.0 
17.1 
81.7 
7a8 
87.0 
20.9 
87.1 
33.9 
14L3 
23.8 
33.9 
09.0 
7.5 
a  2 
2a4 

oao 
2ao 

18.4 
88.2 
38.4 
306.1 
8.0 
91.4 
71.7 

oa9 

30.4 

ao 

41.2 

8.5 
183.3 


Doce 


1,146.4 
1,164.4 
1,074.4 
1,207.8 
1,148.0 
1,214.1 
1,207.0 
1,107.2 
l,06a2 
1,255.0 
1,427.2 
1,175.1 
l,30a2 
l,2iai 
1,092.7 
1,351.2 
1,074.8 
l,30a7 
1,574.9 
1,373.2 
1,118.0 
1,217.1 
1,22a  1 
1,117.5 
1,154.2 
1,821.1 
1,223.7 
l,63a0 
1,253.2 
1,369.4 
l,5ia9 
1,43a  7 
1,485.4 
1,48a  5 
1,54a  8 
1,288.3 
1,418.8 
l,29a2 
1,173.7 

i,oiai 

70a4 
1,011.6 
1,633.3 
1,182.8 
1,811.0 
1,106.6 
1,09a  4 
1,525.2 

724.6 
1,222.4 
1,225.4 
1,120.3 
1,087.6 
1,234.5 
1,178.4 
1,172.3 


63.1   1,251.3 


Por  la  Tabla  XY  y  la  Plancha  V  se  ve  que  la  marcha  dinrna  de  la  tension 
del  vapor  de  agaa  en  la  atiD6sfera  tiene  nn  camfno  enteramente  propio  y 
original.  En  nada  se  parece  a  nlnguna  de  las  curvas  precedentes.  En  los 
meses  de  calor  arranca  de  un  valor  mfnimo  a  las  4  a.  m.,  sube  rdpldamente 
hasta  las  8  a.  m.,  y  a  poco  decrece  no  menos  de  prisa  hasta  otro  mfnimo 
secundario  entre  10  y  11  a.  m.  para  volver  a  subir  ligeramente  y  mantenerse 
casi  constante  hasta  las  10  p.  m.  Segdn  nos  alejamos  de  los  meses  de  m&s  calor 
la  cnrva  se  va  moderando  hasta  presentar  pendlentes  mny  suaves  de  dlclembre 
a  febrero.    En  cambio  la  marcha  annal  de  la  Plancha  VI  sigue  mny  de  cerca  los 
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pasos  de  la  temperatura»  si  blen  la  sublda  sobrevlene  m&s  tarde  y  mka  r&plda 
de  abrll  a  junio,  alcanza  su  mayor  elevacl6n  en  agosto  y  septlembre  para 
bajar  con  cafda  brusca  de  octubre  a  dlclembre.  En  conjunto  la  tension  del 
vapor  osclla  entre  Ifmltes  poco  dlstanclados  en  el  mlsmo  dfa  y  aun  en  el  afio. 
Durante  el  perfodo  de  los  43  afios  la  mdxlma  absoluta  tu6  27.83  y  la  minima 
absoluta  de  4.91,  dando  una  variacl6n  total  absoluta  de  22.92. 


Flakcha  v.— Haroha  diurna  de  la  tensMn  del  vapor  de  agaa  en  la  atin6sfera. 
LLUVIAS. 


La  cantldad  de  lluvia  es  un  elemento  de  la  mayor  Importancla  en  el  cllma  de 
una  regl6n ;  y  en  relaci6n  al  desarroUo  vegetal  y  producci6n  del  suelo,  el  factor 
temperatura  y  la  cantidad  de  lluvia  son  los  dos  agentes  climatol6gicos  que 
constltuyen  el  nervio  vital  del  bienestar  y  prosperidad  agrfcolas.  Rawson 
ide6  una  f6|;mula  para  calcular  la  produccWn  anual  de  aziicar  en  Barbadas 
segtln  la  cantldad  de  lluvia  en  el  afio,  hablendo  tomado  de  una  larga  experlencla 
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la  Intima  relaci^n  que  guardan  entre  sf  estas  dos  cantidades.  Un  c&lculo  seme- 
Jante  en  Jamaica  di6  a  conocer  que  una  diferencia  de  20  pulgadas  de  lluYia 
anual  habfa  producido  una  diferencia  en  cantidad  de  aziicar  por  valor  de 
$100,000. 

El  cuadro  de  lluvias  en  la  Habana  por  meses  y  afios  desde  la  fundaci6n  del 
Observatorio  del  Colegio  de  Bel^n  abarca  un  perfodo  de  56  afios  y  sale  a  luz 
por  primera  vez  en  este  trabajo.  Se  ha  puesto  fntegro  por  el  valor  cientffico 
que  representa  una  tan  larga  serie  de  observaciones  homog6neas  para  el  estudio 
de  los  cambios  seculares  de  nuestra  atm6sfera.    La  Tabla  XYII  ha  sido  pre- 


B&r6a6tro 


rem6BMtro 


PLAffCBA  VI.  Ilaroha  anual  de  los  prlncipalat  faetoret  ollM.tol6gleoa. 


U      £      F    M     A     M     J     J     A      S     0     A  _U 


fBler6mi&\tc 


Tenti6ii 


parada  con  ^an  esmero,  consultando  los  originales  mismos  del  registro  diario, 
por  haberse  encontrado  varios  errores,  algunos  de  bulto,  en  las  cifras  de  las 
publicaclones  regulares  y  algunos  resihnenes  de  los  primeros  afios.  Esos 
mismos  errores  se  reproducen  en  la  tabla  que  public6  W.  F.  R.  Phillips  en  el 
Report  of  the  Chief  of  the  Weather  Bureau,  1897-08,  y  en  otra  presentada  por 
A-  H.  Brown  de  Londres  en  el  Quarterly  Journal,  Oct,  1914. 

Una  somera  ojeada  al  cuadro  da  idea  de  la  distribuci6n  de  la  Uuvia  durante 

el  afio.    Desde  luego  resaltan  en  ^1  con  claridad  las  dos  estaciones  seca  y 

Uuviosa,  bien  conocidas  en  Cuba.    Abarca  la  primera  de  noviembre  a  abril 

ambos  inclusive ;  la  segunda  comprende  desde  mayo  a  octubre.    Sin  embargo  a 
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primera  vista  se  descubre  que  en  esa  distribuci6n  cada  mes  sale  favorecldo  con 
cantidad  no  despreciable.  Son  raros  los  casos  de  pasar  nn  mes  entero  total- 
mente  sin  lluvia.  En  los  56  afios  solo  3  meses  estdn  absolutamente  en  bianco* 
correspondientes  a  f ebrero,  marzo  y  abril :  hay  otros  5  meses  en  que  la  lluvia 
no  ha  Uegado  a  1  mllfmetro,  y  85  m&s  en  que  la  lluvia  recogida  no  ha  pasado 
de  10  milfmetros.  Tambi^n  pueden  verse  tres  perfodos  de  seca  en  los  afios 
1871,  1882  y  1907  en  los  cuales  la  cantidad  total  de  lluvia  durante  8  meses  con- 
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secutivos  fu6  11.5,  15.5  y  18.2  milfmetros  respectivamente.  For  lo  dem&s, 
fuera  de  esos  perfodos  extraordinarios  y  muy  raros,  la  lluvia  se  distribuye 
benefldosamente  por  los  meses  del  afio  con  un  promedio  mfnimo  en  marzo  de 
47  mm.  y  otro  mdximo  en  Junio  de  172.8  mm. 

Guanto  a  la  marcha  secular  de  la  lluvia,  presentamos  la  Plancha  YII  repre- 
sentando  las  cantidades  anuales  de  todo  el  perfodo.    La  Ifnea  de  la  base  de  la 
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grdfica  corresponde  ya  a  700  mm.  de  lluvia,  y  lo  que  de  ese  valor  excede  cada 
alio  est^  representado  por  la  altura  de  las  dos  paralelas  que  se  levantan  frente 
a  dicho  afio,  a  raz6n  de  1  mm.  por  cada  5  mm.  de  Uuyia. 

En  la  grdfica  presentada  saltan  a  la  vista  notables  perfodos,  ora  de  abun- 
dancla  ora  de  escasez,  que  se  replten  a  intervalos  deslguales.  Empieza  con 
on  perfodo  de  escasez  de  8  afios  (1859-1866)  en  que  solo  uno  alcanza  a  la 
media  anual.  Hay  otro  de  7  afios  (1879-1885)  asfmismo  inferiores  a  la 
media  excepto  uno;  otros  4  afios  extraordinariamente  secos  de  1897  a  19(X) 
con  la  cantidad  minima  absoluta  de  Uuvia  de  708  mm.  correspondiente  al  afio 
1899,  y  por  fin  termina  con  otro  perfodo  de  seca  de  8  afios  1907-1914  en  que 
ninguno  lleg6  e  la  media. 

Intercalados  entre  los  citados  lapsos  de  tiempo  con  escasez  de  lluvia,  se 
observan  otros  perfodos  lluviosos,  entre  los  cuales  el  mds  notable  comprende 
los  11  afios  consecutivos  (1886-1896)  en  que  todos  ban  rebasado  la  media.  Vese 
otro  de  12  afios  (1867-1878)  en  general  recargado  de  lluvia,  si  bien  cuenta  con 
algunos  afios  separados  de  notable  sequfa. 

El  promedio  de  dias  lluviosos  para  cada  mes,  sacado  de  los  46  tiltimos  afios 
(1869-1914)  oscila  entre  4.7  que  es  el  menor  y  corresponde  a  abril,  y  15.2  que 
66  el  mayor  perteneciente  a  septiembre.  Por  lo  dicho  se  ve  que  tanto  la  can- 
tidad de  lluvia  como  los  dias  lluviosos  se  reparten  ventajosamente  durante  todos 
los  meses  del  rfio  en  proporci6n  favorable  a  los  fines  de  la  producci6n  agrfcola 
y  otras  conveniencias  de  la  vida.  Las  Tablas  XVII  y  XVIII  nos  dispensan  de 
descender  a  mils  pormenores.  Solo  advertiremos  que  la  Tabla  XVIII  abarca 
solo  46  afios  (1869-1914)  excepci6n  hecha  de  la  primera  columna  que  reproduce 
la  media  mensual  de  los  56  afios.  Las  lluvias  excepcionales  en  la  Habana 
revisten  a  veces  proporci6n  muy  subida,  y  por  no  haberla  tenido  en  cuenta  la 
Oompafifa  del  Alcantarillado  recientemente  construido  se  producen  inunda- 
clones  con  alguna  frecuencia  en  diversos  barrios  de  la  ciudad,  convirti6ndose 
los  tragantes  de  los  conductos  pluviales  en  abundantes  manantiales  de  agua  que 
sale  a  borbotones  a  la  calle  ya  inundada. 

Tabla  XVIII. — Datos  generales  de  J<i  lluvia  en  la  Hahana, 


Cantidad  de  lluvia  en  millmetros. 

DlasdeUnvia. 

Mes. 

Media. 

Maxima. 

Minima. 

Maxima 
en  24 
boras. 

Media. 

MAxima. 

Minima. 

Enero 

74.1 
49.0 
47.0 
67.2 
119.3 
172.8 
123.7 
146.1 
147.8 
171.1 
80.1 
63.1 

1,251.3 

234.0 
167.8 
243.6 
673.4 
444.7 
446.1 
382.6 
279.8 
406.0 
404.6 
262.6 
365.1 

1,658.2 

0.6 
0.0 
0.0 
0.0 
6.8 
29.7 
16.3 
12.0 
9.9 
31.6 
8.0 
4.4 

708.4 

163.2 
79.4 
82.5 
210.9 
159.3 
121.5 
103.5 
112.8 
95.6 
166.8 
192.1 
88.1 

210.9 

8.2 
6.1 
5.2 
4.7 
10.0 
13.6 
12.0 
13.7 
16.2 
15.0 
10.5 
8.7 

122.6 

14 
18 
11 
11 
23 
21 
19 
22 
25 
24 
17 
21 
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Febrero. 

Marco 

Abril 

Mayo    

Jiinio 

Julio 

Agosto 

Septiembre 

Ootubre 

Noviembre 

Dioiembre 

Aflo 

90 

El  21  de  noviembre  de  1911,  en  6  boras  4  minutos  cayeron  184.5  mm.  La  canti- 
dad m&xima  que  se  registra  en  el  Observatorio  del  Ck)leglo  de  Bel^n  cafda  en 
24  boras  es  302  milfmetros,  y  la  cantidad  maxima  en  1  bora  es  62  milfmetros. 
Lluvias  m&s  intensas  son  de  corta  duraci6n,  d&ndose  a^aceros  de  42  mm.  en 
20  minutos.  y  otros  de  13.2  mm.  en  6  minutos,  que  representan  lluvia  de  m&s 
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de  2  mm.  por  mlnuto.  Estos  datos  de  lluvias  extraordinarias  de  menos  de 
24  horas  se  refieren  a  los  illtimos  8  aQos,  desde  que  se  install  el  pluvidgrafo 
Fuess  de  alta  precisI6D. 

La  procedencia  de  las  lluvias  en  la  Habana  se  debe  principalmente  a  dos 
causas,  las  turbonadas  el^tricas  y  las  perturbaciones  cicl6nicas.  La  primera 
y  mds  principal  es  la  formaci6n  casi  dlaria  de  turbonadas  el^ctrlcas  acompafia- 
das  de  truenos  y  fuertes  aguaceros  durante  los  meses  de  mayo  a  agosto  con 
un  mdxlmo  en  junio,  como  lo  indlca  el  promedio  de  lluvia  de  172.8  mm.  su- 
perior a  todos  los  otros  meses.  Estas  tormentas  el^tricas  tlenen  su  origen 
generalmente  en  las  primeras  horas  de  la  tarde,  adelantdndose  unas  veces  y 
retrasdndose  otras,  y  en  su  nacimiento  parece  tener  no  pequefia  influencia  el 
choque  de  las  brisas  opuestas  de  las  costas  norte  y  sur,  al  encontrarse  tlerra 
adentro  en  una  atm6sfera  fuertemente  caldeada  durante  la  mafiana  por  un  sol 
tropical,  y  animada  del  movimiento  ascensional  propio  a  provocar  la  succidn 
causante  de  las  brisas.  Dichas  turbonadas  en  ciertos  meses  son  casi  diarias 
tlerra  adentro,  pero  muchas  veces  se  disipan  sin  llegar  a  la  costa. 

La  segunda  causa  principal  de  la  lluvia  en  Cuba  son  las  perturbaciones 
cicl6nicas,  mds  generalmente  sentidas  en  los  meses  de  septiembre  y  octubre» 
siendo  este  tiltimo  el  mds  favorecido  como  lo  demuestra  el  promedio  mensual 
de  171.1  mm.  el  mayor  despu^  de  Junio. 

VnCNTOS. 

Habida  cuenta  de  la  temperatura  del  aire  y  de  la  humedad  relativa  con  sua 
abundantes  lluvias,  que  reinan  en  la  Habana  durante  la  mitad  del  afio  pr<3xima- 
mente,  se  viene  a  la  conclusion  de  que  la  Capital  de  Cuba  goza  de  un  clima 
c&lido  y  enervante  en  grado  notable:  y  en  efecto  asf  serfa,  si  no  fuera  por  el 
regimen  de  los  vientos  reinantes,  cuya  influencia  beneficiosa  es  notabilfsima  en 
hacer  de  la  Habana  un  clima  sano  y  en  su  conjuto  agradable. 

La  direcci6n  normal  del  viento  en  la  Habana  durante  el  dfa  es  del  primer 
cuadrante,  a  lo  cual  conspiran  Juntamente  la  acci6n  de  la  brisa  y  la  influencia 
de  los  Aiisios,  acercdndose  la  resultante  media  bastante  hacia  el  B.  en  los 
meses  de  verano,  y  por  el  contrario  inclindndose  mds  hacia  el  N.  en  los  de 
invierno.  He  aquf  el  regimen  normal  diario  de  los  vientos  en  los  meses  de  calor. 
Nace  el  dfa  con  calma  o  muy  d^bil  brisa  terral  del  SE.  De  7  a  8  A.  M.  la 
brisa  de  tlerra  del  segundo  cuadrante  salta  al  mar  o  primer  cuadrante  con  muy 
poca  fuerza  al  principio,  pero  a  medida  que  avanza  el  dfa,  va  arreciando  por 
grados  hasta  despu^s  de  medlodfa  en  que  alcanza  una  velocidad  media  de 
5  a  8  metros  por  segundo,  para  declinar  asimismo  por  grados  hasta  la  cafda 
del  sol  y  pasar  luego  al  SE.  otra  vez,  de  donde  sopla  toda  la  noche  apenas 
perceptiblemente. 

Los  meses  frfos  guardan  menos  regularidad.  Tambi^n  durante  el  dfa  sopla 
el  viento  en  general  del  primer  cuadrante,  mds  proximo  al  N.  que  en  verano; 
y  por  las  noches  con  frecuencia  perslste  en  la  misma  direcci6n  aunque  mds 
d^bil;  pero  mds  comdnmente  tambi^n  por  la  noche  se  establece  el  terral  del 
SE.  muy  d^bll.  Durante  los  meses  de  invierno  hay  no  pocos  perfodos  de  viento 
sur,  producido  por  la  aspiraci6n  de  los  temporales  de  los  Estados  Unidos,  que 
hacen  el  tiempo  caluroso  y  pesado,  y  van  generalmente  seguidos  de  otros 
perfodos  de  brisote  fuerte  frfo  y  anticicl6nico,  que  se  inicia  del  NW.  y  va 
rolando  al  N.  y  NE.,  llamados  en  Cuba  Nortes  de  Invierno. 

Cada  uno  de  estos  perfodos  suele  durar  tres  o  cuatro  dfns  de  sur  y  otro  tanto 
del  lado  norte,  y  se  repiten  durante  el  invierno  cuando  por  los  Estados  Unidos 
cruza  alguna  fuerte  depresi6n  hacia  el  Atldntico,  seguida  de  algdn  fuerte  anti- 
cicWn  como  sucede  con  frecuencia. 
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Tabla  XIX. — Frecuencia  relativa  de  la  direccidn  del  viento  en  la  Hahana, 


DireccKSn. 


» 


I 


i 


& 
£ 


I 


I 


147.0 
124.3 
99.1 
114.3 

67.6 
M.4 
37.3 
20.6 
12.6 
8.5 
6.8 
14.7 
23.2 
72.6 


101.5 

'99.9 

84.8 

110.5 

106.2 

74.2 

76.5 

97.8 

73.5 

18.5 

11.5 

7.3 

6.6 

26.4 

32.0 

73.2 


87.0 

100.4 

113.2 

163.5 

137.6 

75.9 

71.8 

75.9 

53.0 

16.1 

8.0 

5.4 

7.4 

7.1 

19.0 

45.8 


98.2 

134.3 

129.4 

165.1 

136.7 

75.5 

64.7 

48.0 

28.0 

9.9 

8.3 

3.1 

8.3 

18.5 

22.5 

49.6 


55.0 

164.6 

149.5 

198.5 

150.7 

62.4 

61.8 

34.2 

21.1 

5.9 

4.8 

4.4 

5.1 

9.5 

17.5 

48.1 


40.0 

109.8 

140.5 

162.8 

187.3 

88.0 

93.0 

70.4 

43.1 

18.9 

6.5 

2.8 

5.6 

3.1 

9.0 

19.2 


29.2 

122.1 

143.1 

200.8 

231,5 

82.0 

76.5 

29.8 

28.3 

11.5 

7.9 

3.9 

2.7 

4.6 

6.7 

10.4 


54.6 

127.5 

136.1 

150.2 

172.0 

83.7 

91.7 

43.2 

41.4 

13.2 

8.3 

6.4 

10.1 

12.3 

23.3 

26.4 


64.8 

101.1 

122.2 

132.3 

168.2 

81.0 

119.7 

60.6 

46.9 

18.9 

9.5 

6.9 

6.3 

10.4 

19.8 

32.8 


104.5 

151.3 

143.7 

146.2 

106.8 

•68.4 

62.9 

46.8 

33.7 

21.3 

11.5 

5.5 

12.8 

15.8 

21.3 

45.6 


81.8 

162.4 

167.5 

209.2 

129.5 

52.1 

48.3 

40.1 

22.3 

8.8 

4.7 

3.1 

3.1 

6.6 

19.4 

41.1 


121.0 
116.3 
124.4 
155.6 
141.6 
62.8 
63.7 
49.4 
38.4 
9.7 

lao- 

7.5' 

6.1> 

19.1 

29.4 

48.4 

w 


Velooidad  del  yiento  en  kildmetros.    Media  dlaria  para  oada  mes  de  41  afloe. 


283   287 


303   261 


227   215    207    208   280   294 


En  la  Tabla  XIX  puede  verse  la  frecuencia  relativa  de  las  dlferentes 
dlrecciones  observadas  en  cada  mes  y  en  el  afio.  En  su  formaci6n  se  ban 
utillzado  las  observaclones  blhorarlas  durante  11  afios  consecutlvos,  y  las 
dfras  expresan  el  ntimero  de  veces  que  estd  anotada  una  dlreccl6n  determinada, 
puesta  en  la  primera  columna,  por  cada  mil  observaclones  hechas.  Al  pi6 
de  la  misma  tabla  se  pone  el  promedio  dlarlo  de  la  veloddad  del  viento  en 
kil6metros  para  cada  mes  y  para  el  afio,  sacado  de  41  afios  ( 1874-1914  )• 
Los  ntUneros  expresan  el  promedio  diario  del  recorrido  total  del  viento  en 
kil6metros. 

Lo  primero  que  salta  a  la  vista  es  el  gran  predominio  de  los  vientos  com- 
prendidos  en  el  cuadrante  entre  el  N.  y  E.  ambos  inclufdos.  De  todas  las 
dem&s  dlrecciones  s61o  hay  una  al  SE.  que  llegue  a  reinar  100  veces  de  1,000 
observaclones,  y  b61o  en  el  mes  de  septiembre  con  119.7.  Las  restantes  estdn 
representadas  por  ntimeros  bajos,  de  modo  que  las  cinco  dlrecciones  citadas 
suman  un  contingente  mucho  m6s  alto  que  las  once  restantes  Juntas.  En 
estos  se  ven  ntUneros  aun  inferiores  a  5  por  1,000,  4  por  1,000  y  aun  8  por 
1,000. 

Al  primer  cuadrante  \€  sigue  en  frecuencia  relativa  de  los  vientos  el  segundo, 
siendo  el  tercero  el  menos  frecuentado. 

Si  el  regimen  dominante  de  los  vientos  es  del  primer  cuadrante  cuanto 
a  su  direcci6n,  todavla  lo  es  m^  cuanto  a  su  recorrido  o  velocidad.  Hablanda 
de  condiciones  normales  del  tiempo,  cuando  no  interviene  la  influencia 
de  alguna  perturbaci6n  dcldnica,  en  los  meses  de  verano  el  recorrido  total 
del  dfa  le  pertenece  casi  entero  al  primer  cuadrante  y  solo  una  i)equefia 
fracddn  al  segundo.  Segtln  hemos  dicho  la  brlsa  del  mar  que  sopla  casi  todo 
el  dfa  alcanza  de  5  a  8  metros  por  segundo,  y  la  brlsa  de  tierra  que  relna  de 
noche  y  algunas  de  las  prlmeras  boras  de  la  mafiana,  es  tan  d^bil  que  los 
anem6metros  apenas  se  mueven,  y  con  mucha  frecuencia  se  paran  del  toda 
o  estdn  irresolutos  pardndose  varias  veces  en  una  sola  revoluci6n.  Las  dlrec- 
ciones del  tercero  y  cuarto  cuadrantes  son  generalmente  debldas  a  condiciones 
anormales  del  tiempo,  y  por  eso  cuando  relna  alguna  de  esas  dlrecciones  suele- 
adquirir  mds  veloddad. 

Cuanto  a  las  veloddades  excepclonales  al  paso  de  los  huracanes  es  diffdl 
determlnarlas  con  precision.    Cuando  el  viento  alcanza  su  apogeo  en  las  rachas 
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Intensfslmas  de  un  huracdn  bien  formado,  con  frecuenda  sufren  los  aparatos 
alguna  averia,  o  si  esto  no,  el  reglstro  de  la  veloddad,  que  generalmente  depende 
del  moYlmiento  de  la  armadura  de  on  electroim&n,  sufre  alguna  pardllsis 
u  omlsiones  por  la  8uce8l6n  rapldtelma  con  que  el  anem6metxo  cierra  el 
drcuito  a  cada  reyolucl6n,  no  dando  tiempo  a  la  armadura  para  separarse  del 
electrolmdn.  En  esos  casos  tiene  que  intervenir  la  apreclacl6n  subjetlva 
m&B  o  menos  expuesta  a  error.  Por  este  medio  se  habfan  anotado  veloddades 
de  50  metros  por  segundo. 

Un  anem6grafo  de  absoluta  predsldn  se  ha  montado  reclentemente  en  eA 
Obseryatorlo  que  registra  con  gran  fldelldad  las  vueltas  del  anem6metro  en 
cada  segundo  y  se  prob6  en  el  huracdn  del  16  al  17  de  octubre  de  1910.  E^l 
m&xlmo  registrado  fu^  45  metros  por  segundo;  pero  el  reglstro  no  alcanz6  lo 
m&s  recio  del  hurac^  por  haberse  descompuesto  el  anem6metro  yendo  a  parar 
una  de  sus  cazoletas  a  la  casa  del  otro  lado  de  la  plazuela.  Este  huracdn  Junto 
con  otro  que  habfa  descargado  dos  dfas  antes  hlzo  estragos  Inaudltos  en  la 
Provinda  de  Pinar  del  Rfo  que  azot6  de  Ueno.  En  la  Habana  estuvo  slntlte- 
dose  la  Influencla  de  esos  dos  huracanes  cuatro  dfas  consecutlvos,  que  dieron 
un  recorrldo  total  del  vlento  de  5,809  kll6metros  en  los  cuatro  dfas,  a  razdn  de 
1350,  1636,  1311  y  1512  respectlvamente.  No  sabemos  de  un  caso  semejante 
en  la  hlstorla  de  los  temporales  de  vlento  tan  Intenso  en  tan  larga  duracl6n. 
Sin  duda  el  recorrldo  total  en  muchos  puntos  de  Plnar  del  Rfo  bubo  de  ser 
aun  mucho  mds  grande  por  su  mayor  proxlmidad  al  v6rtice  del  huracdn. 

SUPLEICEKTO. 

Del  resto  de  la  isla  existen  datos  muy  defidentes  para  fundar  un  estudio  com- 
prehensivo  del  clima  local.  En  general  puede  decirse  que  es  parecldo  al  de  La 
Habana  con  algiin  recargo  de  temperatura  en  dlreccldn  de  la  parte  oriental  de 
la  isla  y  algdn  recargo  de  lluyla  hacia  occldente.  Por  la  configurad6n  del 
suelo,  apenas  hay  localidades  cuya  altura  pase  de  100  metros  a  lo  largo  de  la 
isla  y  asf  los  cllmas  del  interior  no  ofrecen  grandes  dlferencias  de  los  de  la 
costa,  y  carecen  de  los  caracteres  propios  de  otros  lugares  de  Centro  Amdrica 
que  ocupan  planicies  elevadas. 

Para  dar  alguna  idea  aproxlmada  de  las  condiciones  dimatoldgicas  del 
resto  de  la  isla  hemos  formado  cuadros  comparativos  de  los  tres  factores, 
presidn  atmosfdrica,  temperatura  del  aire  y  cantidad  de  lluvla,  para  las  capl- 
tales  de  Provindas,  excepto  Santa  Clara  que  sustituimos  por  Gienfuegos  por 
falta  de  datos,  y  de  la  temperatura  y  Uuvia  solamente  para  buen  ndmero  de 
lugares  repartidos  en  toda  la  isla.  Los  datos  estdn  tomados  del  Boletfn  Oficial 
de  Agricultura  que  publica  las  observadones  recogidas  por  el  Obseryatorlo 
Nacional,  y  se  han  utilizado  para  varias  estaciones  10  alios,  y  aun  6  y  5  sola- 
mente para  algunas. 

Para  Gienfuegos  nos  hemos  valido  de  los  datos  de  cuatro  alios  que  lleva  publl- 
cados  el  Observatoro  del  Colegio  de  Montserrat  (1911-1914). 

Tabla  XX. — PreHdn  atmosfMca.     Media  mensual  y  amuU  en  provindas, 

(700mm+] 


1 

£ 

1 

1 

1 

6 

1 

1 

< 

1 

1 

1 

1 

i 

Pinar  del  Rio 

HftbunB ............. 

63.70 
63.78 
64.24 
63.12 
68.94 
62.77 

64.87 
63.29 
65.19 
62.47 
66.02 
63.63 

63.45 
62.78 
63.31 
62.35 
63.55 
62.22 

62.62 
61.92 
62.66 
61.64 
63.59 
62.55 

61.09 

easo 

60. 9S 
60.75 
63.01 
61.48 

61.28 
61.35 
61.50 
61.47 
62.16 
61.53 

63.24 
62.30 
64.47 
62.16 
6Z82 
62.28 

61.04 
6L37 
62.31 
61.29 
6L41 
63.32 

59.45 
60.23 
60.04 
60.18 
60.07 
58.88 

59.83 
59.83 
58.01 
59.50 
59.80 
59.40 

62.92 
61.91 
62.22 
6a  02 
61.26 
60.41 

64.79 
63.27 
63.57 
61.65 
63.96 
62.76 

62.18 
61.91 

Mstanzas 

62.06 

Cionfii6go8. 

61.39 

CAmagdey 

63.49 

Santiago  de  Cuba.... 

6L57 
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Tabla  XXI. — Temperatura  a  la  aomhra.   Media  moMual  y  amuU  en  provinoias. 


Pinar  del  Rio 

Bataband 

A|Siiacate 

Iffttantm 

Soledad 

Caim^laani 

Hortn 

fitwart 

CaoiagOey 

Santiago  de  Cuba.. 
Cienftiegoa 


2L9 
23.7 
19.9 
2019 
20.3 
19.2 
1&4 
21.8 
22.1 
28.8 
23.4 


22.8 
23.8 
20.5 
20.9 
21.3 
19.  e 
18.5 
22.8 
23.0 
23.4 
28.2 


28.7 
26.9 
22.6 
21.9 
22.6 
21.6 
19.5 
23.7 
24.3 
24.8 
24.5 


25.4 
28.8 
24.2 
28.9 
24.1 
23.7 
2a5 
25.8 
26l1 
25.8 
25.8 


27.1 
20.4 
25.2 
25.5 
25.8 
24.2 
22.3 
20.2 
28l7 
26.4 
26.7 


27.2 
30.0 
25.6 
26.8 
25.8 
25.0 
23.5 
27.2 
27.1 
27.0 
27.0 


28.0 
31.7 
25.8 
27.3 
20.2 
25.6 
24.0 
27.3 
27.8 
27.6 
27.8 


28.0 
8a9 
26l1 
27.3 
26i4 
25.7 
24.5 
27.8 
27.9 
27.6 
27.7 


27.7 
31.0 
25.8 
20.8 
25.8 
24.0 
24.5 
26.9 
26.9 
26.5 
27.1 


26.6 
29.1 
24.9 
25.5 
25.0 
24.0 
22.8 
20.0 
25.8 
20.0 
20.4 


24.5 
26.8 
22.8 
22.8 
22.9 
21.0 
20.2 
23.5 
24.2 
24.8 
24.8 


22.8 
26.1 
20.9 
2L1 
2L8 
19.7 
19.5 
22.4 
2214 
23.6 
28.9 


25.4 
28.0 
23.7 
24.1 
23.9 
2318 
21.2. 
25.0 
25.5, 
28i8 
25.7 


Tabla  XXII. — Cantidad  de  Uuvia.    Media  meruwU  y  anual  en  milimetroi. 


Pinardel  Rio... 

Satabaod , 

Af[iiacate 

ii^t^fi«^tf ,., 

Soledad 

Camajnanl. 

MortSn , 

fitwart 

CamagOey 

Santiago  de  Coba. 
CIsnftiegot 


65.8 
2&8 
49.1 
55.4 

8L6 
48.7 
8a8 
26.6 
29.3 
85.5 
22.2 


47.6 
18.9 


72L2 
5a9 


56.6  101.9 


17.4 
24.4 
2L7 
19.2 
8.8 
23.1 
19.8 
16.8 


68.2 
41.5 
88.5 
29.0 
1&6 
72.5 
85.1 
84.5 


87.1 
45.1 
78.1 
72.2 
83.0 
77.5 
78.6 
45.0 
81.0 
50.8 
32.6 


12&4 
120.1 
215.0 
148.5 
144.8 
153.7 
165.9 
118.4 
16&5 
164.0 
137.2 


209.4 
158.6 
823.0 
204.7 
260.0 
258w5 
340.2 
187.8 
210.8 
178.2 
146il 


17a  0 
143.1 
226.3 

83.5 
186i6 
180.4 
120.6 
135.2 
155.2 

86.0 
100.1 


233.4 
163.6 
2Sa5 
186.0 
160.7 
161.2 
175.8 
133.4 
183.3 
08.2 
137.4 


404.5 
253.2 
207.1 
145.0 
2ia5 
150.5 
232.5 
208.2 
213.3 
174.5 
176.7 


286.1 
248.5 
202.4 
206.7 
208.0 
177.0 
136w4 
160.6 
05.7 
205.0 
166.5 


115.2 
133.0 
03.6 
01.6 
87.8 
108.6 
106.5 
62.4 
61.8 
lia4 
06.0 


35.0 
26l4 
98.5 
128.3 
48.1 
64.8 
8a2 
1.6 
17.8 
14.0 
2L8 


1,806 
1,384 
l,88r 
1,404 
1,466 
1,482 
1,757 
i:il4 
1,820 
1,081 
1,064 


Las  Tablas  XX  y  XXI  contlenen  los  promedlbs  mensuales  de  los  factores 
indicados  de  eeas  estaclones  que  nos  ensefian  la  marcha  anual  de  la  presidn 
atm6sferica,  la  temperatura  del  aire  a  la  sombra  y  la  cantidad  de  Uuvia. 

No  tenemos  la  seguridad  de  que  las  cifras  consignadas  en  esos  cuadros  den 
con  precisidn  el  verdadero  valor  del  factor  climatol6gico  que  representan  en 
cada  una  de  las  estaclones  escogidas.  En  ellas  encontramos  algunas  anomalfas, 
que  compensa  la  mutua  armonfa  del  conjunto.  La  causa  puede  ser  el  corto 
ntimero  de  afios  que  se  han  tornado  para  obtener  esos  valores  medios,  haci^ndose 
sentir  en  ellos  grandemente  la  influencia  de  variadones  posibles  anormales. 
Pero  en  algunos  cases  entendemos  se  deba  a  la  poca  precisi6n  en  las  lecturas, 
o  a  la  deficiente  instalaci6n  o  calidad  de  los  instrumentos.  Sin  embargo,  en 
casi  la  totalidad  de  las  estaclones,  los  valores  dados  pueden  considerarse  como 
suficientemente  aproximados  a  la  verdad  para  formarse  idea  de  cada  region 
■efialada. 

Con  respecto  a  las  temperaturas  extremas  llama  la  atenci6n  que  en  todas 
las  estaclones  escogidas,  aun  aquellas  cuya  media  general  supera  considerable- 
mente  a  la  de  la  Habana,  la  minima  absoluta  es  bastante  inferior  a  la  de  la 
Capital,  a  excepci6n  de  Santiago  de  Cuba.  En  las  dem&s  estaclones  se  leen 
mfnimas  de  S*"  a  S'^.S  C,  y  aun  bemos  visto  una  de  0**  C,  precisamente  la  que 
mds  alta  media  presenta  en  el  cuadro  aqui  trazado ;  pero  tal  minima  la  creemos 
inadmisible  por  la  estaci6n  en  que  se  consigna.  El  case  de  formarse  escarcha 
en  los  campos  del  interior  en  noches  despejadas  y  quietas  con  gran  radiaci6n 
no  se  puede  decir  muy  raro  y  aun  algunas  veces  no  muy  lejos  de  La  Habana. 

Lo  que  sf  es  muy  raro  es  el  hecho  de  congelarse  el  agua  en  los  baches  del 
camino,  y  aun  en  algunas  pocetas  algo  mayores  pero  de  poca  profundidad 
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hasta  formar  capas  de  hielo  de  algdn  espesor.  Segdn  informe  de  testigos 
presenclales  dados  al  que  suscribe,  en  un  Ingenlo  de  la  demarcacl6n  de  Gien- 
fuegos  en  los  dfas  de  Navidad  de  1006  se  exhibfa  a  los  circunstantes  nn 
pedazo  de  hielo  natural  que  pes6  dos  libras.  En  esa  misma  fecha  on  co- 
rresponsal  de  Lagunillas  lnform6  a  La  "Lucha"  que  en  unos  tanques  de  nn 
Ingenlo  se  habfa  formado  hielo  de  una  pulgada  de  espesor  y  que  los  campos 
estaban  todos  cubiertos  de  escarcha.  Otros  corresponsales  afirman  que  el 
term6metro  en  otros  lugares  baJ6  a  0*  C,  y  que  ha  nevado.  La  formaci6n 
de  hielo  debe  considerarse  como  un  caso  totalmente  extraordinario,  pero 
la  calda  de  nieve,  si  es  que  la  hubo,  es  un  fen6meno  desconocido  en  Cuba. 
No  se  habfa  ofdo  un  solo  caso  de  caer  nieve  ni  en  las  cimas  de  las  montafias 
mAs  elevadas.  No  muy  lejos  de  la  Habana  durante  esa  misma  ola  frfa  se 
refieren  tambi^n  lugares  donde  una  muy  delgada  capa  de  hielo  cubrfa  el  agua 
de  los  baches  del  camino;  sin  embargo  en  el  Observatorio  del  Coleglo  de 
Bel^n  la  minima  absoluta  no  baJ6  de  ll*".?  0.  Nuestra  minima  absoluta 
de  10**  0.,  que  coincide  exactamente  con  la  observada  por  La  Sagra  en 
7  afios  (1825-1881),  dista  mucho  del  punto  de  congelaci^n,  y  solo  por  una 
fuerte  radiaci6n  nocturna  se  concibe  que  en  la  superficie  de  los  cuerpos  al 
aire  libre  alcance  tal  diferencia  de  temperatura,  como  es  necesaria  para  la 
formaci6n  de  hielo  y  escarcha,  sin  que  esto  signifique  id^ntico  descenso  en 
el  aire  ambiente.  El  Bar6n  Humboldt  aflrma  sin  embargo  en  su  Ensayo 
Politico  de  Cuba  haber  oido  de  labios  del  Sr.  Robledo,  inteligente  observador 
de  fines  del  siglo  18  y  principios  del  19,  que  61  mismo  habfa  visto  el  term6- 
metro  a  0^  C,  en  las  cercanfas  de  La  Habana. 

Otro  fen^meno  extraordinario  es  la  cafda  de  granizo.  En  La  Habana  el 
que  suscribe  ha  visto  granizo  solo  dos  veces  en  18  afios,  una  de  ellas  tan  d^bil- 
mente  que  apenas  se  hacfa  sensible,  otra  vez  fu6  bastante  intensa  la  granizada, 
y  los  granos  de  hielo  alcanzaron  un  tamafio  pr6ximo  al  de  huevos  de  palonuu 
En  el  interior  son  algo  mAs  frecuentes  pero  siempre  constituyen  un  fen6meno 
raro,  y  en  algunos  casos  muy  extraordinarios  han  causado  dafios  de  considera- 
ci6n  en  los  campos  y  poblaciones  con  la  muerte  de  muchos  animales  sorpren- 
didos  en  campo  abierto,  como  sucedi6  aun  bastante  recientemente  en  Placetas  y 
Sancti  Spiritus. 

Hemos  dicho  que  el  clima  de  Cuba  estaba  muy  favorecido  por  el  regimen 
normal  de  las  brisas  y  la  corriente  Alisea  por  encontrarse  la  isla  enclavada  en 
la  regi6n  de  los  vientos  Alfsios  del  hemisferio  norte  y  orientada  en  la  direc- 
cl6n  m&s  favorable  a  experimentar  el  mayor  beneficlo.  El  grado  sin  embargo 
a  que  alcance  el  valor  de  la  influenda  de  los  Alfsios  ne  est&  bien  determinado. 
Sf  puede  asegurarse,  que  en  ningfin  modo  domina  las  influencias  locales  que 
generan  las  brisas.  Asf  por  ejemplo  las  brisas  de  la  costa  norte  soplan  en  la 
direccl6n  de  los  Alfsios  y  sin  duda  resultan  reforzadas  por  ellos;  pero  las 
brisas  de  la  costa  sur  soplan  en  direcci6n  opuesta  a  la  de  los  Alfsios,  y  no 
obstante  adquieren  a  todo  lo  largo  de  la  isla  notable  intensidad. 

Poseemos  dates  concretos  regulares  de  la  veloddad  del  viento  solo  de  La 
Habana  y  Cienfuegos,  y  de  este  solo  de  cuatro  afios.  En  Cienfuegos  la  brisa 
normal  diurna  sopla  del  tercer  cuadrante  y  es  aproximadamente  de  la  misma 
Intensidad  que  en  La  Habana,  donde  sopla  normalmente  del  primer  cuadrante. 
La  brisa  nocturna  en  cambio  es  casi  imperceptible  en  La  Habana  y  viene  del 
segundo  cuadrante,  mlentras  que  en  Cienfuegos  es  no  muy  inferior  a  la  diurna 
y  sopla  del  primer  cuadrante.  Este  dato  tiende  a  probar  la  influenda  Alfsia 
de  alguna  intensidad,  aunque  no  es  decisive  por  las  diferencias  locales  que 
podrfan  explicar  el  fen^meno,  principalmente  la  mayor  anchura  de  la  isla  en 
Cienfuegos.  En  Sagua  la  Grande  frente  a  Cienfuegos  por  la  costa  norte  aunque 
algo  lejos  de  ella,  la  brisa  nocturna  tambi^n  es  apenas  sensible. 
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CONCLUS16N. 

Aquf  DOS  vemos  obligados  a  cerrar  este  trabajo  incompleto  por  muchos  con- 
ceptos.  La  premnra  del  tiempo  nos  ha  forzado  a  apresurar  el  paso  sobre  los 
diferentes  puntos  tratados  sin  permit Imos  conceder  madura  meditaci6n  a 
ninguno  de  ellos,  sin  poder  rel^r  ni  slqaiera  las  cuartillas  mal'pergefiadas.  Otros 
puntos,  la  nubosidad  del  clelo  de  Cuba,  los  tfplcos  huracanes  tropicales  que  con . 
tanta  frecuencia  nos  visltan,  y  los  fendmenos  slsmicos  que  agitan  nuestro 
suelo,  quedan  sin  tocar.  Los  ciclones  son  menos  temibles  en  la  mltad  oriental 
de  la  isla  y  en  cambio  son  un  horrible  azote  para  la  provlncla  de  Pinar  del  Rfo, 
y  en  menor  grado  para  L^  Habana  y  Matanzas.  Por  el  contrario  los  terremotos 
constituyen  moderado  pellgro  para  Pinar  del  Rfo,  leve  para  la  Habana,  casi 
nulo  para  las  provincias  centrales,  pero  serlamente  grave  para  Santiago  de 
Cuba. 

The  Chairman.  I  am  sure  we  are  very  much  interested  in  this 
subject  and  very  grateful  to  Father  Gutierrez-Lanza  for  this  inter- 
esting communication  in  regard  to  the  climate  of  Cuba ;  and  I  may 
remark,  with  regard  to  the  work  of  the  college,  that  I  think  we  ought 
to  emphasize  the  importance  and  necessity  of  cordial  cooperation  in 
this  great  work  of  meteorology  and  seismology  if  we  hope  to  accom- 
plish all  that  is  possible,  especially  in  the  direction  of  world  meteor- 
ology, which  we  hope  ultimately  to  attain,  so  that  by  cooperation 
between  these  various  institutions  that  are  in  a  position  to  do  the  work 
in  this,  that,  and  the  other  locality  we  can  get  the  best  results.  The 
paper  is  before  you  for  discussion. 

Mr.  MiLLAS.  I  would  like  to  add  some  words  to  Father  Lanza's 
study  of  the  climatology  of  Cuba  regarding  the  work  that  the  national 
observatory  has  been  doing  since  it  was  founded  by  the  Weather 
Bureau  of  the  United  States.  Several  years  ago  the  Weather  Bureau 
established  a  station  at  Habana,  and  about  10  or  12  outside  stations. 
The  nimiber  of  stations  has  now  been  increased  to  60,  and  the  work 
of  these  inland  stations  is  to  give  a  monthly  weather  report.  The 
study  of  the  climatology  of  Cuba  has  not  yet  been  undertaken  by  the 
national  observatory,  and  there  is  something  about  the  maximum  tem- 
perature, especially  in  the  southeastern  portion,  that  perhaps  Father 
Lanza,  not  having  a  station  there,  may  not  have  known  about.  There 
is  a  chain  of  mountains  there  that  perhaps  will  not  allow  the  north- 
east breezes  to  pass.  I  have  seen  temperatures  as  high  as  40^  C.  on 
that  part  of  the  island. 

Father  Gutierrez-Lanza.  The  temperature  in  the  southeast  part 
of  the  island  is  higher  than  at  Habana.  Of  course,  I  have  seen  40° 
of  temperature.  I  do  not  deny  that,  but  I  only  wanted  to  study  the 
period  in  which  there  are  homogeneous  observations. 

Mr.  MiLLAS.  I  would  like  to  add  also  that  a  study  of  the  rains  in 
the  northeastern  part  of  the  eastern  province  of  Cuba  shows  a  very 
small  region  where,  in  the  rainy  season,  there  is  not  as  much  rain  as 
in  the  rest  of  the  province,  where  they  are  able  to  work  all  the  year 
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round  in  the  making  of  sugar  from  the  cane.  They  do  not  stop  at  all. 
That  is  a  very  interesting  fact  about  that  small  part  of  the  north- 
eastern part  of  that  province. 

The  Chairman.  If  there  is  no  further  discussion  we  will  pass  to 
the  next  paper  on  the  program,  "  The  Pleionian  fluctuations  of  cli- 
mate," by  Dr.  Henryk  Arctowski,  of  the  New  York  Public  Library. 


THE  PLEIONIAN  CYCLE  OF  CLIMATIC  FLUCTUATIONS. 

By  HENRYK  ARCTOWSKI. 
Chief  of  Science  Division,  New  York  Public  Library. 

As  we  observe  changes  of  weather  from  one  day  to  another  so  we  observe 
climatic  fluctuations  from  one  season  to  another,  from  one  year  to  the  fol- 
lowing year.  Persistency  of  given  weather  conditions  may  frequently  be 
observed.  In  the  case  of  climatic  fluctuations  also  there  may  be  a  series  of 
years  abnormally  dry  or  abnormally  rainy,  or  we  may  have  groups  of  years 
offering  some  other  particularities,  such  as  a  late  spring,  for  example,  or  an 
unusually  warm  winter,  and  such  exceptional  conditions  reoccurrlng  for  a  suc- 
cession of  years  give  the  impression  of  a  radical  change  of  climate. 

In  reality,  therefore,  we  may  consider  the  study  of  these  changes  or  fluctua- 
tions Just  as  important  and  as  having  a  far  more  practical  value  than  the 
study  of  the  so-called  normal  climatic  conditions. 

Considering  10  yearly  means  of  atmospheric  temperature  as  representing 
quasi-normal  values,  I  inscribed  the  annual  departures  from  these  means  on 
maps.  For  each  year  so  far  taken  Into  consideration  the  departures  are  never 
positive  all  over  the  world  or  negative.  In  each  case  some  regions  are  charac- 
terized by  an  excess  of  heat,  whereas  in  other  regions  temperature  is  in 
deficiency.  The  areas  of  positive  departures  have  been  called  thermopleions 
and  those  of  negative  departures  antipleions.  The  antipleions  do  not  necessarily 
compensate  the  thermopleions.  The  year  1900,  for  example,  was  a  year  of  an 
excess  of  pleions,  and  the  year  1893  was  a  year  of  deficiency  of  plelons.  The 
difference  of  the  world's  temperature  for  such  exceptional  pleionian  and  anti- 
pleionlan  years  may  reach  0.5*  C,  or  perhaps  even  more. 

Taking  barometric  measurements  Into  consideration,  one  also  finds  that  for 
each  year  some  centers  of  abnormally  high  and  abnormally  low  atmospheric 
pressure  are  conspicuous.  These  baropleions  and  antibaros  displace  themselves 
from  year  to  year  and  evidently  influence  atmospheric  circulation  very  greatly. 

These  changes  must  have  an  effect  on  the  distribution  of  the  frequency  of 
storms  and  on  rainfall.  Of  rainfall  data  I  have  studied  extensively  the  ombro- 
pleions  observed  in  Europe  during  the  years  1851-1905. 

In  order  to  investigate  these  phenomena  more  thoroughly  the  monthly  means 
of  temperature,  atmospheric  pressure,  rainfall,  sunshine  duration,  and  thunder- 
storm frequency  have  been  taken  Into  consideration  and  the  changes  from  one 
year  to  another  have  been  studied  by  the  method  of  overlapping  means. 

Among  other  results  it  was  found  that  at  many  stations,  particularly  in 
equatorial  regions,  temperature  rises  or  falls  practically  simultaneously,  and 
that  the  plelons  disappear  and  reappear  more  or  less  periodically  at  intervals 
of  two  to  three  years.  The  records  of  the  Harvard  Observatory  station  at 
Arequipa,  In  Peru,  have  been  taken  as  a  standard  of  the  occurring  pleionian 
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fluctuations,  and  the  results  of  the  comparisons  made  Induced  me  to  search 
for  the  cause  of  this  cycle  of  climatic  variations. 

After  it  was  demonstrated  that  the  cause  of  the  formation  of  plelons  could 
not  be  attributed  to  the  presence  or  absence  of  volcanic  dust  veils  in  the 
higher  levels  of  the  atmosphere,  it  was  but  natural  to  search  for  their  origin 
in  the  variations  of  the  solar  atmosphere. 

It  seems  obvious  that  if  changes  in  the  vertical  circulation  of  the  incan- 
descent solar  clouds  exist  these  changes  must  produce  oscillations  of  the 
Quantity  of  thermal  energy  radiated  Into  space. 

A  few  words  of  explanation  are  necessary.  Although  It  Is  difficult  to  Imagine 
how  the  heat  of  the  solar  atmosphere  originates,  or  where  It  originates,  we 
must  admit  that  the  amount  of  heat  is  greater  below  the  Incandescent  photo- 
spheric  clouds  than  above,  simply  because  these  clouds  are  a  phenomenon  of 
condensation,  due  to  loss  of  heat,  and  because  condensation  could  not  take 
place  if  the  temperature  below  the  clouds  was  not  higher  than  the  t^nperature 
above. 

In  consequence,  we  must  admit  that.  Just  as  in  the  case  of  terrestrial  atmos- 
pheric conditions,  the  radiation  into  space  from  below  must  be  a  question  of 
cloudiness.  This  radiation  is  not  necessarily  constant.  If  the  vertical  cur- 
rents producing  the  ascending  clouds  are  Intensified,  the  loss  of  heat  must 
be  greater.  For  the  sake  of  comparison  our  terrestrial  cumulo-nimbus  clouds, 
with  their  panaches  of  false-drri,  may  serve  as  an  example. 

I  imagined  that  the  solar  faculoR  which  always  accompany  the  formation  of 
sun  spots  might  have  an  origin  similar  to  the  false-cirri,  and  this  vague  analogy 
led  to  the  supposition  that  perhaps  the  faculse  would  give  some  information  con- 
cerning possible  changes  of  the  intensity  of  the  output  of  solar  energy.  Faculse 
are  indeed  merely  a  product  of  the  solar  atmospheric  circulation.  Faculse 
occur  often  independently  of  sun  spots,  but  more  often  they  accompany  the 
spots.  Some  connection  exists  also  between  the  frequency  of  spots  and  the 
formation  of  faculse.  When  sun  spots  are  numerous,  larger  areas  of  the 
solar  surface  are  occupied  by  faculse.  For  the  average  characteristic  out- 
bursts of  sun  spots  the  accompanying  faculse  reach  their  maximal  develop- 
ment about  nine  days  after  the  spottedness  has  reached  its  maximum.  The 
faculse  are  evidently  one  of  the  phases  of  the  phenomenon  that  produces  the 
fbrmation  of  spots. 

Admitting  that  a  sun  spot  is  the  center  of  violent  descending  currents  in 
the  solar  atmosphere,  we  must  admit  that  the  vapors  slide  sidewlse  from  the 
spot  when  they  reach  the  lower  levels  and  reascend,  at  a  certain  distance 
from  the  spot,  more  quietly  and  overheated.  It  is  to  these  ascending  cur- 
rents that  the  formation  of  faculse  must  be  ascribed.  Faculse  must  therefore 
radiate  into  space  a  quantity  of  heat  larger  than  the  quantity  of  heat  radi- 
ated by  the  spotted  area.  If  so,  the  ratio  of  the  surfaces  occupied  by  faculse 
and  sun  spots  must  equal  or  be  proportional  to  the  ratio  of  radiation. 

If,  therefore,  the  plelonian  cycle  of  terrestrial  temperature  is  to  be  ascribed 
to  solar  fluctuations,  we  may  presume  that  the  quotient  of  the  area  occupied 
by  faculse  divided  by  the  area  of  sun  spots  is  not  constant,  and  we  may  sup- 
pose that  the  changes  of  this  quotient  vary  in  harmony  with  the  plelonian 
cycle.  And  the  fact  is  that  not  only  this  ratio  of  faculse  and  spots  varies 
extensively,  but  also  that  these  variations  present  some  striking  similarities 
with  the  Arequipa  or  standard  type  of  thermoplelonlan  fluctuations. 

The  figures  I  have  utilized  are  those  of  the  Greenwich  photohellographlc 
measurements.  In  order  to  eliminate  the  shorter  fluctuations  and  to  obtain 
numbers  comparable  to  annual  means  of  temperature  I  have  formed  the  totals 
of  the  areas  of  umbrse  and  faculse  for  every  consecutive  10  rotations.    I  hav^ 
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used  the  figures  given  for  the  rotations  275  to  805,  or  the  results  of  the  meas- 
urements made  during  the  years  1875  to  1913.  Then  I  made  the  quotients  of 
the  corresponding  totals.  These  quotients  express  numerically  how  many 
times  the  areas  of  faculse  exceeded  those  of  umbrse.  The  curve  representing 
these  figures  graphically,  compared  with  the  curve  of  sun  spots,  shows  an 
unmistakable  correlation  with  the  11-year  period.  The  curve  may  indeed  be 
characterized  as  follows: 

Well-pronounced  minima,  preceding  by  approximately  12  rotations  (or  more 
or  less  nine  months)  those  of  spots;  less  pronounced  minima  coinciding  or  pre- 
ceding by  a  few  rotations  the  maxima  of  sun  spots;  then,  in  each  11  years' 
cycle,  another  minimum  between  the  minimum  and  maximum  of  the  curve  of 
sun  spots  and  two  minima  between  the  maximum  and  the  following  minimum. 

And  so,  in  the  period  of  more  or  less  11  years'  duration  there  are  5  maxima 
of  the  ratio  of  faculse  and  umbrte:  the  first  coincides  with,  or  closely  follows 
the  minimum  of  spots,  tlie  second  occurs  between  the  minimum  and  the  maxi- 
mum and  the  three  others  occur  between  the  maximum  and  the  minimum  of  the 
sun-spot  curve. 

It  may  be  useful  to  mention  that  the  range  of  these  variations  Is  well  pro- 
nounced. The  highest  observed  ratio  of  10  consecutive  rotations  Is  73.74,  while 
the  lowest  figure  is  2.42;  but  these  are  extreme  values.  The  average  ratio  of 
the  15  observed  crests  Is  26.93  and  the  mean  of  the  corresponding  depressions  is 
11.47,  or  less  than  one-half.    Such  are  the  facts. 

To  come  back  to  hypothetical  considerations,  one  may  ask  how  these  fluctua- 
tions of  the  ratio  of  faculse  and  sun  spots  can  be  explained? 

Let  us  say  that  the  depth  to  which  our  terrestrial  storms  extend  is  limited  by 
the  surface  of  the  earth  crust  or  the  surface  of  the  sea.  Evidently  the  sun  does 
not  present  similar  conditions,  and,  a  priori,  we  may  admit  the  possibility  of 
variations  In  the  depth  to  which  the  circulation  of  the  solar  atmosphere  may 
extend.  If  so,  the  proportion  of  faculse  to  spots  must  vary,  and  when  the 
faculffi  are  more  predominant,  we  may  suppose  that  the  ascending  columns  of 
vapors  come  from  greater  depths,  and  that.  In  consequence,  the  radiation  is 
increased.  Some  sort  of  tidal  movements  making  the  solar  atmosphere  more  or 
less  expanded,  would  explain  the  possibility  of  changes  of  depth  to  which  the 
vertical  circulation  extends. 

Now,  since  the  maxima  of  solar  faculse-umbrse  ratios  reoccur.  Just  like  the 
terrestrial  thermoplelons,  ombro-,  hello-,  and  baroplelons,  at  Intervals  of  two  to 
three  years,  and  since  some  striking  time  coincidences  exist,  I  shall  call  these 
maxima  of  solar  fluctuations,  hormeplelons,  which  simply  means  pleionlan 
Impulses. 

I  say  expressly  horme-  and  not  arche-  plelons,  because  this  last  name  must  be 
reserved  for  the  solar,  or  planetary,  or  cosmlcul  relations  which  cause  the 
changes  of  the  solar  atmospheric  vertical  circulation — changes  for  which  the 
hormeplelons  are  simply  numerical  expressions. 

In  the  foregoing  considerations  I  have  spoken  of  solar  clouds.  This  expres- 
sion may  displease  some  of  the  students  of  solar  phenomena.  But  what  dlfl'er- 
ence  does  it  make  if  condensation  of  calcium,  for  example,  can  or  can  not  take 
place  at  the  very  high  temperatures  of  the  photosphere?  For  my  considerations 
it  Is  absolutely  Indifferent  If  the  faculse  are  formed  of  Incandescent  dust  or  of 
metallic  vapors  condensed  Into  liquid  drops,  or  whether  they  are  simply  gaseous 
vapors. 

Again,  another  objection  may  be  raised  against  the  conception  of  the  circula- 
tion In  and  around  the  solar  spots  that  I  have  adopted.  But  in  this  case  also 
theory  has  no  importance,  since  the  fact  Is  that  umbrse  radiate  less  heat  than  the 
average  photospherlc  surface  and  that  f aculse  seem  to  radiate  more  heat 
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Speaking  of  heat,  it  would  also  be  preferable  to  avoid  that  expression  entirely 
and  use  the  words  radiation,  or  energy,  or  radiant  energy  of  the  sun.  But  all 
such  objections  have  nothing  in  common  with  the  fact  of  the  existence  of  a 
hormepleionian  variation — a  fact  which  is  a  result  of  the  Greenwich  measure- 
ments and  of  my  calculations.  And  now,  in  order  to  establish  a  theory  of  the 
terrestrial  pleionian  fluctuations,  more  calculations  are  necessary. 

The  first  effort  to  be  made  is  to  try  to  demonstrate  that  atmospheric  tem- 
perature varies  proportionally  to  the  ratio  of  the  faculae  and  umbrae,  or,  if 
such  a  law  can  not  be  established,  because  of  the  complexity  of  meteorological 
phenomena,  it  will  be  necessary  to  show  at  least  some  striking  correlations 
between  the  variations,  of  one  and  the  other.  Up  to  the  present  a  lack  of  time 
has  prevented  me  from  making  more  than  one  single  attempt,  which  has  been 
successful,  and  I  wish  to  show  you  now  how  the  hormepleionian  maximum  of  the 
solar  rotations  772-781  found  its  repercussion  in  the  temperatures  observed  on 
our  earth  surface  during  the  years  1911  and  1912. 

In  order  to  have  figures  corresponding  exactly  to  the  same  time  Intervals  as 
those  of  temperature,  monthly  means  of  the  areas  of  faculse  and  umbra  were 
calculated  for  the  years  1909  to  1913,  and  then  the  ratios  of  the  overlapping 
yearly  totals  were  formed. 

These  figures  expressed  graphically  on  a  diagram  show  a  well-pronounced 
crest  of  the  hormepleion  corresponding  to  the  mean  of  June,  1911,  to  May,  1912. 
But  before  this  maximum  is  reached  we  notice  two  steps — one  at  the  mean  of 
April,  1910,  to  March,  1911,  and  the  other  corresponding  to  the  mean  of 
November,  1910,  to  October,  1911.  In  1912  the  ratios  decrease  till  a  minimum 
corresponding  to  the  mean  of  March,  1912,  to  February,  1913,  Is  reached,  and 
from  then  on  the  ratios  again  increase  and  form  the  ascending  branch  of  a 
new  hormepleion.  To  simplify  comparisons,  we  may  call  1911 : 2  the  mean  of 
February,  1911,  to  January,  1912;  1911:3,  that  of  March,  1911,  to  February, 
1912,  and  so  forth.  The  figures  for  1910:4,  1910:11,  1911:6,  and  1912:3  are 
therefore  conspicuous. 

For  the  same  years,  1909-1913,  I  dispose  at  present  of  more  than  150  curves 
of  overlapping  temperature  means  of  stations  from  all  parts  of  the  world.  This 
amount  of  already  computed  data  is  very  respectable,  but,  of  course,  I  am 
anxious  to  obtain  more  data,  and  I  do  not  think  that  the  difilculties  one  encoun- 
ters In  collecting  the  results  of  meteorological  observations  made  in  some  coun- 
tries or  the  shocking  mistakes  that  may  be  found  in  the  tabulations  of  official 
publications  of  some  other  countries  will  prevent  me  from  trying  to  make  my 
research  as  thorough  as  possible. 

If  my  reasoning  is  correct,  it  follows  that  at  the  time  of  the  occurrence 
of  the  hormepleion  maximum  of  1911:6,  or  shortly  afterwards,  we  should 
observe  thermopleionian  crests  on  the  curves  of  overlapping  means  of  the 
observed  temperatures.  Or  since  it  has  been  found  that  in  no  case  studied  so 
far  temperature  was  above  the  average  all  over  the  world,  that,  on  the  con- 
trary, antlpleions  always  compensate  the  pleions,  more  or  less.  It  will  be 
necessary  to  find  at  least  a  predominance  of  thermopleions  synchronal  with  the 
solar  maximum. 

And  so  it  seems  to  be. 

Of  the  records  studied  so  far  I  may  say  that  an  abnormal  increase  of  tem- 
perature during  the  latter  part  of  1911  and  in  1912  is  a  striking  feature  of  the 
curves  of  meteorological  stations  in  Alaska,  British  Columbia,  Vancouver 
Island,  Oregon,  and  to  a  certain  extent  California;  then  of  Mexico,  Panama, 
the  West  Indies,  and  Bahamas,  British  and  French  Guiana,  Matto  Grosso, 
Parana,  Peru;  the  Faroe  Islands,  Holland,  northern  Germany,  Switzerland, 
Italy,  Gibraltar,  Algeria,  Morocco,  the  Canary  Islands;  the  Sahara,  Egypt; 
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Senegambia,  the  French  Congo,  the  Transvaal;  Aden,  Quetta,  India,  Ceylon, 
Mauritius,  and  Seychelles  Islands ;  the  Straits-Settlements,  Cochinchina,  China, 
Japan,  eastern  Siberia ;  Australia  and  the  Touamotou  Island  in  the  Pacific 

The  records  of  a  certain  number  of  stations  show  a  retarded  plelonian  effect 
I  will  cite  those  of  Greenland,  Iceland,  Carolina,  Florida,  Cuba,  the  Caucasus 
and  Russia,  southern  Nigeria,  Togo,  German  South  Africa,  Madagascar,  Pales- 
tine, Mesopotamia,  some  stations  of  India,  Christmas  Island,  the  Philippines, 
and  New  Caledonia.  Even  in  the  Antarctic  regions  the  records  of  Cape  Evans 
station,  under  77*  38'  south  latitude,  show  that  during  the  months  of  May  to 
S^tember,  or  during  the  south  polar  winter,  the  mean  temperature  in  1912 
was  10**  F.  higher  than  in  1911. 

In  strilsing  contrast  with  these  results  most  stations  of  the  United  States, 
as  well  as  Wellington  and  Auckland,  in  New  Zealand,  and  some  stations  in 
Russia,  show  a  well-pronounced  depression  of  temperature  corresponding  in 
time  with  the  occurrence  of  the  hormeplelon  and  the  greatest  development  of 
thermopleionian  conditions  in  so  many  countries  in  different  parts  of  the 
world. 

The  American  antlpleion  is  of  particular  interest  because  of  the  plelons  ob- 
served in  the  Northwestern  States,  Alaslsa,  Canada,  and  Greenland,  as  well 
as  in  the  Southeastern  States,  the  West  Indies,  and  Mexico.  In  North  America 
temperature  conditions  were  evidently  in  conformity  with  the  hormeplelon, 
except  in  the  greatest  part  of  the  central  portion  of  the  continent  Moreover, 
it  was  precisely  at  the  time  of  occurrence  of  the  hormeplelonlan  maximum,  or 
soon  afterwards,  that  the  greatest  lowering  of  temperature  was  observed  In  the 
Middle  West  from  North  Dalsota  down  to  Texas. 

Evidently  the  supposition  that  these  abnormally  low  temperatures  were  due 
to  the  veil  of  volcanic  dust  produced  by  the  Katmai  eruption  of  June  6,  1912, 
is  completely  out  of  the  question.  If  that  had  been  the  case,  temperature  would 
have  decreased  from  that  date  on,  whereas  It  was  decreasing  for  more  than  a 
year  before  that  date  In  order  to  reach  the  minimum  at  the  time  of  the  oc- 
currence of  the  hormeplelonlan  maximum  and  accidentally  at  the  time  of  the 
Katmai  eruption.  The  conclusion  to  be  drawn  from  these  facts  is  that  the 
American  antlpleion  of  1911-1912,  corresponding  In  time  with  practically  uni- 
versally observed  plelonian  conditions,  must  have  been  mechanically  produced 
by  abnormal  pressure  conditions  and  the  resulting  abnormal  winds.  In  other 
words,  It  seems  most  probable  to  me  that  the  antlpleion  observed  in  the  United 
States  was  simply  due  to  changes  of  atmospheric  circulation  due  to  the  ex- 
ceptionally well-developed  plelonian  conditions  in  the  North  as  well  as  in  the 
South  of  tlie  States.  The  same  must  have  been  the  case  of  the  other  antl- 
plelons  In  New  Zealand  and  In  Russia  and  perhaps  In  some  other  countries. 
But  precisely  because  these  antlplelons  are  to  be  considered  as  an  effect  of 
dynamical  reaction  against  the  predominant  plelonian  conditions  It  Is  evident 
that  they  could  not  compensate  the  action  of  the  hormeplelon. 

The  direct  effect  of  fluctuations  of  solar  activity  upon  atmospheric  tempera- 
ture can  also  be  observed  In  some  of  the  details  of  the  hormeplelonlan  crest 
The  steps  of  the  ascending  branch,  corresponding  to  the  means  1910:4  and 
1910:11,  as  well  as  the  minimum  of  1912:8,  may  easily  be  distinguished 
on  many  of  the  overlapping  temperature  curves.  But  even  in  more  minute 
details  some  of  the  curves  present  such  similarities  with  the  solar  curve  that  a 
simple  chance  circumstance  can  hardly  be  presumed,  and  that  forcibly,  we 
must  admit  that  the  cause  of  these  temperature  fluctuations  is  really  a  question 
of  ratio  between  solar  faculse  and  umbraB. 

Supposing,  now,  that  a  further  development  of  the  discovered  facts  con- 
cerning climatic  fluctuations  and  their  cause  is  a  simple  question  of  a  great 
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amount  of  clerical  work,  for  which  I  need  help,  but  which  I  will  accomplish,  in 
course  of  time,  even  without  help,  and,  admitting  that  this  question  of  climatic 
fluctuations  and  their  effects  upon  croQS  and  agricultural  welfare,  as  well  as 
commercial  and  industrial  prosperity,  is  a  practical  question;  supposing  also 
that  the  exchange  of  ideas  at  this  congress  has  a  practical  purpose  of  Pan- 
American  interests— one  may  ask  what  could  be  done  in  order  to  advance  our 
knowledge  of  the  climatic  changes  that  take  place  from  year  to  year,  from  season 
to  season,  and  to  apply  this  knowledge  to  the  welfare  of  nations. 

I  believe  that  what  ought  to  be  done  is  to  begin  the  work  from  the  very 
beginning,  and  to  establish  permanent  meteorological  stations  there  where 
records  of  the  changes  that  take  place  are  the  most  needed. 

In  this  order  of  ideas,  leaving  aside  the  Latin-American  countries,  where  the 
need  of  regular  meteorological  services  must  have  been  realized  by  many,  I 
will  say  that  for  the  study  of  the  fluctuations  that  take  place,  in  North  as 
well  as  in  South  America,  the  need  of  records  from  the  north  and  south 
Paciflc  islands  is  greatly  felt. 

Observations  pursued  in  the  areas  of  the  Paciflc  centers  of  action  of  atmos- 
pheric circulation,  and  along  the  Equator  as  well,  would  certainly  be  of  im- 
mense value. 

I  wish  that  all  of  you  would  realize  the  necessity  of  the  effort  to  be  made  in 
order  to  secure  such  observations. 

The  Chairman.  Dr.  Arctowski  has  given  us  a  very  interesting 
paper,  and  pursuant  to  the  announcement  by  the  chairman  of  the 
section,  Dr.  Woodward,  imless  there  is  objection,  I  should  like  to 
refer  this  paper  to  the  committee  on  resolutions.  I  think  the  recom- 
mendations made  by  Mr.  Arctowski  in  regard  to  the  needs  of 
meteorology  and  climatology  justify  us  in  referring  his  paper  with 
its  recommendations  to  that  committee.  Unless  there  is  some  objec- 
tion I  will  so  refer  the  paper,  which  is  now  before  you  for  discussion. 

Mr.  Huntington.  I  should  like  to  ask  Dr.  Arctowski  what  is  his 
explanation  of  the  fact  that  the  pleion  of  1912  failed  or  was  reversed 
in  the  central  part  of  the  United  States? 

Mr.  Arctowski.  I  am  very  sorry  to  say  that  I  can  not  explain 
that  I  do  not  know  why  it  was.  The  fact  is  that  it  happened,  but 
I  can  not  explain  it  otherwise  than  as  an  anomaly. 

Mr.  Clayton.  Mr.  Chairman,  in  comparing  the  rainfall  of  the 
United  States  with  the  rainfall  of  southern  Brazil  and  northern 
Argentina,  as  indicated  by  the  river  flows,  there  comes  out  a  remark- 
able similarity  between  the  two  rainfall  conditions.  But  what  inter- 
ests me  most  in  connection  with  Dr.  Arctowski's  paper  is  that  the 
frequency  of  the  maxima  and  minima,  so  far  as  I  can  recall  from 
memory,  not  having  the  paper  before  me,  are  very  closely  similar  to 
the  frequency  of  the  maxima  and  minima  indicated  on  his  curves 
there;  and  if  we  can  connect  these  wide  meteorological  changes  and 
similarities  with  solar  conditions  we  have  certainly  taken  a  very 
interesting  step  forward.  I  hope  to  publish  that  correlation  between 
the  two  rainfalls  at  some  early  date. 
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Mr.  HoBBs.  This  paper  of  Dr.  Arctowski's  is  of  very  great  interest 
to  me  in  showing  how  the  cyclic  oscillations  in  temperature  con- 
ditions, which  he  has  brought  out  for  extremely  short  periods,  fit 
into  the  cyclic  changes  of  much  longer  periods.  Dr.  Huntington,  in 
his  remarkable  studies,  has  shown  this  by  two  diflferent  lines  of 
investigation,  one  of  them  made  upon  the  great  trees  of  California. 
If  we  go  still  farther  back  in  geological  history  to  consider  climatic 
changes  of  still  larger  periods  the  same  rule  of  oscillation  between 
moist  cold  periods  and  dry  warm  periods  is  discovered.  The  study 
of  glacial  moraines  of  the  Pleistocene  age  reveals  climatic  oscillations 
of  large  magnitude  and  of  at  least  two  distinct  orders,  the  smaller 
of  which  are  superimposed  upon  the  larger.  Later  studies  by 
Leverett  and  Taylor  upon  the  glacial  lakes  of  the  Laurentian  Basin 
are  now  closely  in  harmony  with  the  climatic  changes  revealed  by 
the  moraines.  These  climatic  oscillations  of  larger  amplitude  belong, 
as  stated,  to  at  least  two  orders  of  magnitude,  and  it  would  appear 
that  the  pleions  of  Dr.  Arctowski  belong  to  a  much  smaller  order 
and  these  are  in  turn  superimposed  upon  the  higher  ones. 

Mr.  KuLLMER.  With  regard  to  the  year  1911,  it  might  be  of  interest 
to  tell  about  the  distribution  of  storm  frequency  in  the  United  States 
in  that  year.  I  have  a  series  of  yearly  maps  of  the  distribution  of 
storm  frequency  for  39  years.  It  has  not  been  published  yet.  The 
year  1911  is  the  most  abnormal  of  any  of  those  years,  in  the  fact  of 
the  decrease  of  storms  in  the  North,  on  the  Canadian  border,  and  also 
in  Western  Canada,  with  the  center  of  the  maxima  in  the  midst  of 
the  United  States,  in  the  Central  States. 

Mr,  Huntington.  In  a  paper  which  I  presented  before  the  geo- 
logical society,  and  did  not  intend  to  talk  about  here,  one  essential 
element  was  an  attempt  to  explain  the  anomaly  of  the  inverse  re- 
lation between  the  temperature  of  the  earth's  surface  at  the  time  of 
many  sun  spots  and  the  temperature  of  the  sun.  As  you  all  know, 
when  the  sun's  radiation  is  greatest  the  average  temperature  of  the 
earth  as  a  whole  is  lower.  I  have  advanced  the  hypothesis  that  that 
was  due  to  the  increase  in  storms.  Such  an  increase  in  storms  in  the 
United  States  is  pretty  well  demonstrated,  and  an  increase  in  tropical 
hurricanes  is  also  seen.  Here  we  have,  according  to  the  showing  of 
Dr.  Arctowski,  a  variation  which  is  visible  in  most  parts  of  the  earth, 
but  in  one  special  part  it  is  reversed.  In  that  special  part  we  find 
that  in  that  one  year  there  were  frequent  storms,  located  for  some 
reason  in  a  small  area,  and  therefore  in  that  small  area  we  have  a 
much  greater  convectional  movement.  That  would  seem  to  offer  an 
explanation  of  the  anomalous  condition  which  Dr.  Arctowski  speaks 
of.  It  seems  to  me  that  by  tests  like  that  all  over  the  earth  we  are 
likely  to  come  upon  a  wholly  new  idea  of  the  relation  of  the  sun  to 
atmospheric  circulation. 
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The  Chaibmak.  I  wish  we  had  plenty  of  time  to  discuss  this 
paper  much  further,  but  I  feel  that  we  must  pass  on  to  the  next  one, 
by  Prof.  William  H.  Hobbs,  of  the  University  of  Michigan.  The 
title  is  "  The  Ferrel  doctrine  of  polar  calms  and  its  disproof  in  recent 
observations." 


THE  FERREL  DOCTRINE  OF  POLAR  CALMS  AND  ITS  DISPROOF 
IN  RECENT  OBSERVATIONS. 

By  WILLIAM  H,  HOBBS, 
Professor  of  Geology,  University  of  Michigan. 

In  a  recent  paper  ^  it  has  been  pointed  out  how  the  doctrine  of  the  polar 
calms  promulgated  by  the  American  mathematician  and  meteorologist,  William 
Ferrel,  has  long  held  back  the  correct  understanding  of  the  circulation  of  the 
atmosphere  within  high  latitudes,  and  how  recent  observations  have  at  last 
effectually  disproved  this  j[)ortion  of  his  theory.  Ferrel's  great  contribution 
to  meteorological  science  was  to  show  the  dependence  of  the  atmospheric  cir- 
culation upon  deflections  traceable  to  earth  rotation,  and  this  advance  of  the 
science  is  entitled  to  general  acceptance.  As  has  so  often  been  the  case  with 
new  theories,  portions  of  the  scheme  which  were  based  upon  insufficient  or 
unsatisfactory  observation,  have  been  carried  along  in  the  general  success  of 
the  theory  as  a  whole. 

It  will  be  profitable  to  examine  briefly  the  evolution  of  Ferrers  doctrine  of 
the  polar  calms  as  a  study  in  the  psychology  of  theories.  In  the  preface  to 
his  general  treatise  upon  the  winds,  Ferrel  tells  us  how  his  attention  was  first 
directed  to  this  subject  through  reading  Maury's  Physical  Geography  of  the  Sea, 
the  first  edition  of  which  appeared  in  1855,  while  the  first  essay  of  Ferrel 
was  published  in  1856.  From  Maury,  Ferrel  learned,  as  he  has  told  us,  **  that 
the  pressure  of  the  atmosphere  is  less  both  at  the  poles  and  at  the  Equator  of 
the  earth  than  it  is  over  two  belts  extending  around  the  globe  about  the  par- 
allels of  80*  north  and  south  of  the  Equator."* 

On  making  reference  to  Maury,  we  find  that  upon  the  basis  of  recorded 
observations  between  the  parallels  of  40*"  and  54^  south  latitude,  the  average 
barometer  reading  varies  from  29.9  to  29.4  in  passing  from  the  lower  to  the 
higher  latitude.  With  the  gradient  obtained  from  this  limited  range  of  14* 
of  latitude,  Maury  has  extended  the  curve  as  a  straight  line  to  the  geographic 
pole  through  a  range  of  84*"  of  latitude  and  obtained  a  theoretical  reading  for 
the  pole  of  28  inches  of  mercury.  A  similar  method  applied  to  the  northern 
polar  region  has  supplied  a  less  marked  gradient  and  a  theoretic  value  for  the 
barometer  reading  at  the  northern  geographic  pole  of  29.65  inches  of  mercury.* 
This  belief  that  atmospheric  pressure  diminishes  steadily  with  increasing  lati- 
tude to  a  minimum  at  the  geographic  poles,  is  dwelt  upon  in  nearly  all  of  Fer- 
rers papers  dealing  with  the  atmospheric  circulation,*  and  he  cites  especially 

>  William  H.  Hobbs,  **  The  r<^le  of  the  glacial  anticyclone  in  the  air  drcolation  of  the 
globe/*  Proc  Am.  Phil.  8oc,  vol.  54,  1015,  especially  pp.  210-215. 

«W.  Perrell,  •'A  Popnlar  Treatise  on  the  Winds/*  1880.  p.  lit 

•  M.  F.  ManiTf  '*  The  Physical  Geography  of  the  Sea,**  8(h  ed.,  1861,  pp.  856-858. 

« *'  The  motions  of  fluids  and  solids  on  the  earth's  snrfaoe."  Prof.  Papers,  U.  S.  Signal 
Service,  Washington,  No.  8,  1882,  p.  82;  also  "Popnlar  essays  on  the  motions  of  the 
atmosphere/'  No.  8;  "The  canse  of  the  low  barometer  in  the  polar  regions  and  in  the 
central  part  of  cyclones,"  ibid..  No.  12,  1882.  pp.  85-87;  also  "Recent  advances  in 
meteorology,"  Ann.  Bept.  CHiief  Signal  Officer,  1885,  appendix  71,  p.  105. 
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the  meteorological  observations  upon  the  Wilkes  and  Ross  exploring  ei^^edi- 
tions  to  the  southern  seas. 

Later  observations  have  confirmed  the  diminishing  atmospheric  pressures  in 
the  higher  latitudes  of  the  southern  hemisphere  up  to  the  points  visited  at  the 
time  FcrreVs  deductions  were  made.  It  was  through  inferring  without  warrant 
that  pressures  continue  to  diminish  at  the  same  rate  beyond  the  limits  of 
observation  that  Ferrel  fell  into  error — a  failing  which  has  been,  and  still  is, 
common  among  men  of  science  even  of  the  highest  rank.  An  entirely  similar 
error  within  the  field  of  meteorology  was  made  by  no  less  an  authority  than 
Helmholtz,  who,  tacitly  assuming  that  the  thermic  gradient  determined  for 
tlie  lower  atmosphere  continues  upward  without  change  beyond  the  range  of  our 
observations,  declared  that  the  absolute  zero  of  temperature  would  be  found 
at  an  altitude  of  28  kilometers,  whereas  subsequent  investigation  has  revealed 
the  fact  that  the  convective  zone  of  the  atmosphere  ends  at  an  altitude  ranging 
from  18  to  9  kilometers  according  to  latitude,  and  that  this  zone  is  overlaid 
by  one  that  is  essentially  isothermal. 

What  a  lesson,  if  we  will  but  heed  it,  for  those  of  us  who  instead  of  directing 
our  thoughts  to  the  temperatures  above  our  heads,  have  turned  them  down- 
ward in  the  direction  of  the  earth's  center.  We  have  to-day  a  crude  tempera- 
ture scale  which  reaches  downward  about  one  four-thousandth  of  the  distance 
to  the  goal  whose  temperature  we  seek  to  learn ;  and  yet  one  may  read  learned 
disquisitions  upon  the  temperature  of  the  earth's  core,  including  refined  cor- 
rections. 

The  theoretic  polar  cyclone,  or  circumpolar  whirl,  of  Ferrel  was  a  different 
conception  from  that  of  the  normal  cyclone,  since  the  movement  of  air  within 
the  vortex  was  supposed  to  be  directed  downward  toward  the  earth's  surface, 
it  being  essential  to  his  theory  that  the  air  which  had  traveled  from  the  equato- 
rial regions  toward  the  poles  at  high  levels  should  in  some  manner  be  retained 
within  the  circulatory  system.  Though  contrary  to  the  idea  of  the  cyclone, 
there  was  no  other  recourse  than  to  bring  the  air  down  to  the  surface  in  the 
polar  regions. 

To-day  without  essential  modifications  this  theory  of  polar  calms  surrounded 
by  a  whirl  of  westerly  winds  has  been  embodied  in  standard  texts  upon  meteor- 
ology and  has  been  defensively  argued  by  Hann  and  Meinardus  against  the 
encroachments  of  observations  now  available  from  the  polar  regions.  As  late 
as  1897  Hann  declared:  "The  whole  Antarctic  circumpolar  area  presents  us, 
as  already  stated,  with  a  vast  cyclone,  of  which  the  center  is  at  the  pole,  while 
the  westerly  winds  circulate  around  it." 

His  view,  an  adoption  of  Ferrel,  was  of  course  speculative,  and  when 
Bernacchi  of  the  Southern  Gross  expedition  had  brought  out  on  the  basis 
of  observations  made  at  Cape  Adare  the  evidence  for  anticyclonic  conditions 
over  the  south  polar  regions,  Hann  cautiously  qualified  his  earlier  statements 
in  the  following  maner : 

As  regards  the  Antarctic  anticyclone,  I  have  certainly  not  expressed  myself 
quite  clearly  in  my  Kllmatoloffie,  as  you  very  fairly  point  out. 

It  is  certain  that  an  area  of  pressure,  which  is  higher  than  that  of  the  sur- 
rounding area,  lying  over  a  chilled  continent,  or  over  any  considerable  land 
area,  can  coexist  with-  a  great  polar  cyclone,  for  instance,  around  the  South 
Pole.  The  very  low  temperature  can  pro<luce  in  the  lower  strata  of  the  at- 
mosphere a  pressure  higher  than  its  environments.  The  anticyclone,  however, 
must  be  very  shallow,  and  at  a  moderate  elevation  the  ordinary  circulation  of 
the  atmosphere  must  reestablish  itself.  •  •  •  It  is  just  possible  thnt  far- 
ther inland  a  slight  increase  of  pressure  might  be  observable.  There  is  cer- 
tainly no  chance  of  the  existence  of  a  real  continental  anticyclone,  Inasmuch 
as  at  Cape  Adare  the  barometer  falls  from  summer  to  winter.^ 

^  Letter  written  to  Capt  R.  F.  Scott  in  1900,  The  Antarctic  Manoal,  1001,  p.  84. 
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The  above  and  later  qnalifted  statements  by  Hann '  fail  to  take  proper  recog- 
nition of  tbe  facts  as  known  at  the  time. 

The  German  Sonth-Polar  expedition  of  1901-1903  likewise  showed  that  anti- 
cyclonic,  and  not  cyclonic  conditions,  prevail  on  the  margins  of  the  Antarctic 
Continent  near  the  latitude  of  the  Antarctic  Circle;  and  Melnardus,  who  sup- 
plied the  great  monographs  treating  of  the  meteorological  results  of  the  expedi- 
tion, was  so  firmly  convinced  that  the  anticyclone  discovered  could  not  extend 
above  an  altitude  of  three  kilometers  that  he  even  prophesied  for  the  interior 
portions  of  Antarctica  an  area  destitute  of  snow.    To  quote  him : 

The  elevated  parts  of  Antarctica  above  2,000  to  3,00Q  meters  extend  into  the 
great  cyclone  of  the  polar  whirl  and  encounter  westerly  air  currents  during  the 
entire  year.  With  this  verification,  which  also  further  can  be  supported  by 
certain  observations  from  the  marginal  region,  there  follows  the  conclusion 
that  the  Antarctic  anticyclone  can  in  general  he  present  as  active  element  in 
the  air  circulation  only  in  the  lower  parts  of  the  South  Polar  region,  *  *  * 
At  the  sea  level  and  on  the  borders  of  the  inland  ice — that  is,  within  the  known 
coast  areas,  the  anticyclonic  conditions  do  not  yet  prevail.'  (The  italics  are  in 
the  original.— W.  H.  H.) 

The  last  statement  particularly  is  in  error,  since  easterly  and  not  westerly 
winds  are  the  rule  upon  the  margins  of  the  Antarctic  Continent.  Everywhere 
above  the  Inland  ice  of  South  Victoria  Land  anticyclonic  conditions  had 
already  been  encountered  by  Capt  Scott  on  his  first  expedition ;  but  Meinardus, 
through  misinterpretation  of  the  westerly  winds  upon  the  ice  plateau,  has 
been  quick  to  seize  upon  them  as  evidence  that  at  this  elevation  one  has  passed 
through  the  anticyclone  into  the  supposed  polar  cyclone  above.  Other  state- 
ments in  the  report  of  Meinardus  are  likewise  strikingly  at  variance  with  facts 
either  known  at  the  time  or  revealed  by  subsequent  exploration.  Probably 
because  of  the  stout  defense  of  the  supposed  polar  cyclones  by  such  an  au- 
thority as  Hann,  and  because  of  the  lack  of  general  knowledge  concerning  the 
necessary  anticyclonic  condition  above  a  continental  ice  sheet,  the  newest 
meteorological  texts  by  Moore  and  Milham  include  reference  to  circumpolar 
whirls  in  the  sense  In  which  they  were  originally  envisioned  by  Ferrel. 

If  now  we  attempt  to  deal  with  actual  observations  of  atmospheric  pressures 
and  of  winds  within  the  polar  regions,  we  find  that  the  meteorological  reports 
upon  the  Challenger  expedition  discussed  by  Buchan  and  Sir  John  Murray,  and 
a  report  by  Bernacchi  dealing  with  the  meteorological  data  from  the  **  Southern 
Cross**  expedition  to  the  Antarctic,  all  indicate  the  dominance  of  high  press- 
ures and  anticyclonic  conditions  to  the  southward  of  about  74^  south  latitude. 
Tliese  writers,  however,  have  all  referred  the  observed  facts  to  circulatory 
conditions  within  the  atmosphere  supposed  to  be  connected  primarily  with  the 
latitude;  in  other  words,  the  conditions  were  thought  to  be  essentially  polar. 
With  the  same  view,  it  would  seem,  two  recent  observers  have  carried  out 
important  observations  ui)on  the  free  atmosphere,  one  of  them  in  the  nortliern 
and  the  other  in  the  southern  polar  region,  and  obtained  results  which  effectu- 
ally dis]M)se  of  the  last  remaining  support  for  the  doctrine  of  polar  whirls.  It 
is  shown  that  within  both  polar  regions  up  to  the  uppermost  level  of  the  tropo- 
sphere, no  evidence  of  the  steady  westerly  currents  necessary  to  the  Ferrel 
theory  is  to  be  discovered. 

The  upward  extension  of  anticyclonic  conditions  over  Antarctica  has  been 
investigated  by  Barkow,  the  meteorologist  of  the  Second  German  Antarctic 
Expedition,  who  at  the  margin  of  the  inland  ice  of  Prince  Regent  Luitpold 

^"Lebrbach  der  Meteorologie,'*  2te  anil.,  1906,  p.  846;  Klimatologie,  vol.  1,  1008, 
p.  884. 

*  W.  Meinardos,  *'  Meteorologlsche  Ergebnisse  der  Wlnteratation  der  '  Gausn,'  1902-1008. 
Deotsche  sadpolar  Expedition  1901-1908,  *  vol.  8  (Meteorol.,  L,  vol.  1),  p.  82. 
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Land  (latitude  77*"  45'  S.)  sent  up  pilot  balloons  to  the  extreme  elevation  of 
17,200  meters,  or  over  8  kilometers  above  the  ceiling  of  the  troposphere.*  These 
observations  disclose  the  fact  that  easterly  and  northeasterly  winds  prevailed 
at  the  time  of  observation  in  all  levels  up  to  the  ceiling  of  the  troposphere, 
where  the  wind  veers  suddenly  through  an  angle  of  180**  and  blows  steadily 
from  the  southwest,  thus  indicating  an  anticyclone  fed  by  poleward  currentB 
above  the  troposphere.  Barkow  calls  attention  to  the  speculations  of  Melna^ 
dus  above  referred  to,  and  shows  that  they  are  controverted  by  the  results  of 
his  observations. 

No  less  decisive  in  showing  the  absence  of  polar  whirls  are  conclusions  to  be 
drawn  from  observations  on  the  borders  of  the  inland  Ice  of  Greenland.  At  a 
number  of  stations  on  the  west  and  southwest  coasts  ranging  between  latitudes 
64**  and  69**  De  Quervain  and  Stolberg,  in  1909,  conducted  ascents  of  pilot 
balloons  during  the  spring  and  early  summer,  carrying  their  observations  to 
extreme  heights,  often  in  excess  of  10,000  meters  (6}  miles),'  and  in  one  in- 
stance of  16,000  meters.  In  1912  Drs.  Jost  and  Stolberg  supplemented  these 
observations  by  a  second  series  carried  out  through  the  winter  season.* 

The  prevailing  surface  currents  at  these  stations  are  controlled  by  the 
Greenland  anticyclones  and  blow  from  the  southeasterly  quadrant,  though  with 
considerable  mo<llflcatlon  by  local  conditions  In  levels  below  1,000  meters.  On 
the  basis  of  his  balloon  observations,  De  Quervain  has  declared  that  a  polar 
whirl  which  is  in  any  degree  unified  and  connects  the  different  low-pressure 
regions  of  the  clrcumi>olor  latitudes,  is  out  of  the  question. 

Barkow  and  De  Quervain,  like  oil  earlier  writers  upon  the  subject,  have  con- 
nected the  observed  olr  circulation  within  the  higher  latitudes  with  conditions 
supposed  to  be  dei>endent  upon  the  earth's  geographic  pole;  that  Is,  upon 
latitude. 

Based  upon  a  comprehensive  study  of  the  results  of  polar  exploration,  I 
pointed  out  in  the  years  1910  and  1911  that  the  circulation  of  the  air  within 
the  south  polar  region  Is  largely  determined  through  the  Influence  of  the 
Antarctic  continental  glacier,  and  In  only  lesser  degree  the  Greenland  conti- 
nental glacier  exercises  a  controlling  Influence  upon  the  circulation  of  the  air 
In  the  higher  northern  latitudes.  The  anticyclone  of  the  Southern  Hemisphere 
particularly,  which  Murray  and  Buchan  had  referred  to  the  pole,  was  shown 
to  be  brought  about  and  fixed  in  position  through  the  refrigerating  eflfect  of 
the  vast  blanket  of  snow  and  ice  which  enwraps  the  Antarctic  Continent.* 
Thus  there  was  furnished  an  explanation  for  the  nourishment  of  these  inland- 
ice  masses  through  adiabatlc  melting  and  vaporization  of  the  Ice  particles  of  the 
cirri  as  they  are  drawn  down  within  the  vortex  of  the  anticyclone,  and  the 
precipitation  of  this  moisture,  generally  as  fine  ice  needles,  when  it  comes  Into 
contact  with  the  glacier  surface  and  the  cooled  air  layer  immediately  above  it. 
The  obvious  application  of  this  theory  of  alimentation  to  the  even  greater  con- 

^B.  Barkow,  **  VorlaQflger  Bericbt  tiber  meteorologlschen  BeobftchtuDgen  der 
deutscben  aDtarktiscben  Expedition,  1911-12,"  Ver.  d.  k.  preun.  meteor.  Inst.,  No.  265 
(Abb.,  vol.  4,  No,  11).  Berlin,  1918.  pp.  7-11. 

*  A.  de  Quervain,  **  Oleichseitige  Pilotanfstiege  in  WestgrOnland  ond  Island.  Yeranstaltet 
dnrch  die  scbwelserisch-dentscben  GrOnland-expeditlon  ond  das  dUniscbe  meteorologiscbe 
Institut,"  Beitr.  i.  Physik  d.  fr.  Atmosphflre,  toI.  6.  1918.  pp.  182-168. 

■A.  de  Quervain,  **Qaer  durchs  Gr5nlandeia,  Die  schweiierlache  GrOnland-Bzpedltion 
1912-18,"  Munich,  1914,  pp.  196.  pis.  16.  flgs.  87  and  map. 

*"The  Ice  Masses  on  and  About  the  AntarcUc  Continent,"  Zeltsch.  f.  Gletscherk., 
vol.  6..  1910,  pp.  107-120;  "Characteristics  of  the  Inland  Ice  of  the  Arctic  Regions." 
Proc.  Am.  Philos.  Soc.,  vol.  49.  1910,  pp.  96-109.  Also  "Characteristics  of  Existing 
Glaciers,"  MacmiUan  &  Co..  New  York  and  London.  1911.  Chaps.  IX  and  XVI  and 
afterword. 
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tinental  glaciers  of  the  Pleistocene  and  earlier  glacial  cycles,  was  made  in  a 
separate  contribution.*  For  these  fixed  anticyclones  themselves  so  much  evi- 
dence has  now  accumulated  that  their  existence  can  hardly  be  disputed. 

During  the  winter  season  the  great  deserts  of  moderate  latitudes  become  like- 
wise the  loci  of  anticyclones.  Their  influence  upon  the  general  circulation 
within  the  earth's  atmosphere  must  be,  however,  relative  to  that  of  the  Inland 
ice  small  by  compaoison.  It  Is  because  the  Inland-lce  masses  have  a  domed 
surface  that  they  permit  the  air  which  is  cooled  by  contact  to  flow  outward 
centrlfugally  and  so  develop  at  an  ever-accelerating  rate  a  vortex  of  exceptional 
strength.  As  already  pointed  out  in  my  earlier  papers,  this  is  one  of  the  essentia! 
conditions  for  the  formation  of  strong  glacial  anticyclones. 

One  of  the  most  marked  characteristics  of  glacial  anticyclones  Is  a  strophlc 
action  which  would  likewise  appear  to  be  dependent  upon  the  shieldlike  form 
of  the  glacier  surface.  Opposed  to  each  other  are  here  the  abstraction  of  heat 
from  the  air  above  the  glacier  surface,  tending  to  make  it  slide  off  radially, 
and  the  Increase  of  temperature  due  to  resulting  condensation.  Unlike  the 
latter,  which  is  determined  by  the  measure  of  the  vertical  component  of  Its  fall, 
the  contact  cooling  Is  In  direct  ratio  to  the  time  the  layer  of  air  rests  upon  the 
snow-ice  surface.  Conditions  of  calm,  therefore,  favor  cooling  and  descent  of 
air  currents,  as  high  wind  velocity  does  the  warming  and  consequent  retardation 
or  even  reversal  of  the  descending  current.  It  is  not  surprising,  therefore,  that 
strophlc  glacial  storms  are  Initiated  In  calm  conditions,  "  work  themselves  up,'' 
or  become  accelerated  to  accord  with  the  acceleration  of  velocity  of  bodies 
sliding  upon  inclined  surfaces  (here  further  accelerated  by  Increasing  slope 
toward  the  margins),  and  bring  al>out  their  own  extinction  when  the  air  passes 
over  the  surface  too  rapidly  for  surface  cooling  to  equal  adiabatlc  warming. 
This  sudden  check  In  the  outward  flow  of  air,  which  Is  one  of  the  most  striking 
features  of  these  strophlc  movements,  In  turn  promotes  new  surface  cooling,  and 
causes  the  precipitation  of  fresh  snow  within  the  zone  of  near  contact  to  Ice, 
thus  taking  place  as  the  blizzard  ends  and  often  with  the  sun  but  little  obscured. 
In  its  automatic  recurrence  of  similar  movements  the  glacial  anticyclone  thus 
bears  considerable  resemblance  to  the  hydraulic  ram. 

The  observational  evidence  which  has  been  adduced  in  support  of  the  existence 
of  the  glacial  anticyclone  above  continental  glaciers  may  be  summarized  under 
the  following  heads : 

1.  Centrifugal  flow  of  surface  air  currents  above  Inland-lce  masses. 

2.  Outward  (centrifugal)  sweeping  of  surface  snow  largely  derived  from  the 
central  areas,  and  its  deposition  and  accumulation  as  a  marginal  fringe  about 
the  inland  ice. 

8.  Snow,  in  large  part  wind  driven,  above  the  sloping  portions  of  the  Ice  mass. 
4.  Sudden  warming  of  the  air  at  the  end  of  the  blizzard — foehn  effect  in 
descending  currents. 
6.  Indraft  of  upper  air  currents  and  like  movements  of  the  cirri. 

6.  The  strophlc  actions  of  the  Antarctic  and  Greenland  blizzards. 

7.  Fixed  areas  of  relative  calm  corresponding  to  the  flat  central  bosses  of  the 
ice  domes. 


>  W.  H.  Hobbs,  "  The  Pleistocene  Glaciatlon  of  North  America  Viewed  In  the  Light  of 
Our  Knowledge  of  Existing  Continental  Glaciers,**  Bull.  Am.  Geogr.  Soc.,  vol.  43,  1911, 
pp.  641-06p.  When  this  theory  of  alimentation  was  announced,  I  supposed  It  to  be 
new  to  science.  Prof.  Hans  Crammer  has  since  called  my  attention  to  a  llttle-known 
paper  by  Fricker  published  as  early  as  1808,  in  which  a  similar  Idea  was  made  as  n 
suggestion  and  at  a  time  when  there  was  little  known  which  could  have  been  cited  in 
Its  support.  (Dr.  Karl  Fricker,  "  Die  Entstehung  und  Verbreltung  des  antarktlschen 
Tretbeises,"  Eln  Beltrag  sur  Geographle  der  Sildpolargeblete.  Leipzig,  1893,  p.  96;  also 
"  AntarktiB,"  SchoU  und  Gmnd,  BerUn,  1898.  pp.  187-188.) 
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8.  Air  highly  charged  with  moisture  within  the  central  area  of  calms,  and 
precipitation  of  snow  or  ice  near  the  glacier  surface. 

In  the  three  years  which  have  elapsed  since  the  appearance  of  my  Character- 
istics of  Existing  Glaciers  Important  new  explorations  have  been  carried  out; 
the  inland  ice  of  Antarctica  has  been  twice  penetrated  to  the  southern  geo- 
graphic pole,  and  new  areas  have  been  explored ;  several  crossings  of  Greenland 
have  been  made  along  new  routes ;  and  full  reports  upon  some  earlier  explora- 
tions have  become  available. 

For  the  full  evidence  derived  from  these  expeditions  which  bears  upon  the 
above  deductions,  the  reader  must  be  referred  to  my  recent  paper  treating 
of  the  nature  of  the  glacial  anticyclone.*  It  will  be  sufficient  here  to  point  out 
In  what  manner  the  glacial  anticyclones  appear  to  affect  the  bringing  down  of 
the  high-level  poleward  currents  of  the  atmosphere  and  by  reversing  them 
start  them  equatorward,  thus  retaining  them  In  the  usually  accepted  planetary 
system  of  circulation. 

The  Southern  Hemisphere,  being  less  Invaded  by  the  continents,  offers  for  the 
purposes  of  study  some  advantages  on  the  side  of  relative  simplicity,  and  It  has 
in  Its  meteorological  aspects  been  recently  comprehensively  treated  by  Lockyer,* 
who  has  taken  full  account  of  the  results  of  Antarctic  explorations,  and  has 
endeavored  to  show  the  conjugate  relationship  of  the  Antarctic  anticyclone 
area  with  successive  zones  of  cyclones  and  anticyclones  which  migrate  In  an 
easterly  direction  around  It.  Thus  It  Is  found  that  between  the  low-pressure 
zone  lying  within  the  Tropics  and  the  fixed  high-pressure  area  above  Antarc- 
tica there  are  centered  near  the  latitude  of  40°  S.  a  series  of  broad  anticyclones 
which  progress  eastwardly  and  produce  the  effect  of  a  zone  of  mean  high 
pressure.*  Between  this  series  of  anticyclones  and  the  Antarctic  Continent  and 
centered  near  the  latitude  of  60°  S.  are  encountered  a  series  of  more  vigorous 
cyclones  of  smaller  diameter,  but  with  progression  eastwardly  at  about  the 
same  angular  rate  as  the  anticyclones.  Stationary  cyclones  are,  further,  found 
located  over  the  Weddell  and  Ross  Seas. 

The  cold  outward  flowing  currents  from  the  Antarctic  Continent  upon  reach- 
ing the  zones  of  progressing  cyclones  are  believed  by  Lockyer  to  ascend  In 
them  upon  the  west  side,  thus  accounting  for  the  cold  western  half  of  these 
cyclones  near  the  ocean  leveL  At  this  Junction  zone  of  the  glacial  anticyclone 
with  progressing  cyclones  the  air  rises  to  produce  rotating  cumulus  clouds,  and 
it  seems  not  unlikely  that  the  Interesting  "  whlrlles  **  are  connected  with  this 
uprise.* 

The  air  having  ascended  In  a  cyclone  on  Its  Journey  northward  toward  the 
Equator  is  believed  next  to  pass  downward  through  the  progressing  anticyclones 
to  the  northward,  and  to  reach  the  ocean's  surface  as  the  warm  current  on 
the  west  side  of  these  eddies.  Mawson's  demonstration  through  wireless  com- 
munications that  the  hurricanes  of  Adelle  Land  preceded  by  some  48  hours  the 
arrival  of  storms  at  the  Australian  south  coast  would  seem  to  support  strongly 
this  view  (fig.  10).* 

The  glacial  anticyclones  of  Greenland  and  Antarctica  through  drawing  down 
of  air  from  the  upper  levels,  and  as  a  consequence  of  a  throughout  centrifugal 
surface  circulation,  are  thus  a  very  Important  factor  In  reversing  the  high 


I "  The  rOle  of  the  glacial  anticyclone  in  the  air  circulation  of  the  globe,**  Proc.  Am. 
Pbll.  Soc,  vol.  64,  1915.  pp.  185-225. 

«  W.  J.  8.  Lockyer,  **  Southern  Hemisphere  surface  air  circulation,"  etc.,  Solar  Physlci 
Committee  under  direction  of  Sir  Norman  Lockyer,  London,  1910,  pp.  109,  pis.  15. 

*  W.  J.  Humphreys,  *'  On  the  physics  of  the  atmosphere,*'  Jour.  Franklin  Inst..  1918, 
pp.  222-228. 

^Mawson,  The  Home  of  the  Bllzsard,  vol.  2,  pp.  157-8  (flg.). 

*Ibld.,  flg.  opposite  p.  141. 
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poleward  currents  within  high  latitudes  and  directing  them  equatorward.  The 
source  of  energy  which  maintains  the  whole  system  in  motion  is,  of  course,  the 
8un*s  heat  concentrated  within  the  Tropics,  and  in  such  large  measure  absorbed 
over  the  continental  glaciers  (fig.  I-a).  It  is  to  be  assumed  that  the  uplands 
of  northeastern  Siberia,  the  smaller  masses  of  inland  ice  within  the  Arctic 
region,  and,  in  fact,  any  area  where  heat  radiation  is  large,  contribute  in  some 
measure  to  draw  down  the  upper  air  currents  and  reverse  their  direction.  It 
is  the  unhindered  radiation  of  desert  areas  which  is  responsible  for  the  anti- 
cyclonic  conditions  above  them  in  the  winter  season.  Abnormally  high  insola- 
tion in  the  summer  season  may,  however,  overbalance  this  effect  and  produce 
cyclonic  effects.  The  moisture  locked  up  in  the  ice  needlts  of  the  cirri  and 
related  cloud  forms  above  those  areas  of  ocean  where  evaporation  is  large 
must,  however,  be  returned  to  the  earth,  especially  within  the  glacial  anti- 
cyclones. Of  this  moisture  a  portion  is  added  to  the  glacier  mass,  but  at  the 
present  time  a  much  larger  portion  is  blown  off  the  glacier  surface  into  the 
sea  and  so  returned  to  its  source  in  the  waters  of  the  ocean. 

If  the  above  conclusions  are  well  founded  it  would  appear  that  excessive 
insolation  within  the  equatorial  belts,  regarded  as  the  main  cause  of  differentia- 
tion into  climatic  zones,  has  been  unduly  emphasized ;  and  it  must  follow  that 
^his  cause  should  be  combined  with  that  of  fixed  glacial  anticyclones  outside 
the  tropical  belts.  The  fixed  glacial  anticyclones,  which  are  wind  poles  of  the 
€arth,  produce  centrlpetally  directed  high-level  wind  currents  combined  with 
centrif ugally  directed  surface  currents  within  the  moderate  and  high  latitudes ; 
whereas  insolation  about  the  Elquator  yields  centrifugally  directed  high-level 
currents  and  centrlpetally  directed  surface  currents.  Between  geographically 
separated  regions  circulatory  conditions  are  thus  in  a  conjugate  relationship  to 
each  other  and  each  type  is  equally  essential  to  a  complete  planetary  system  of 
circulation.  Without  the  anticyclones  the  accepted  system  of  circulation  is 
one-sided,  and  Ferrers  speculation  concerning  the  polar  cyclones  was  an 
abortive  attempt  to  supply  the  missing  half  of  the  system. 

Let  the  glacial  anticyclones,  or  wind  poles,  disappear  and  the  "highs"  de- 
veloped over  plateaus  could  obviously  supply  but  a  mild  semblance  of  the 
present  circulating  system  and  one  without  zonal  relationships  such  as  exist 
to-day  and  in  a  more  eccentric  and  vigorous  type  during  Pleistocene  time. 
Oeologically  considered  the  alternating  group  of  glacial  and  intergladal  climatic 
cycles  of  the  Pleistocene  is  being  continued  into  the  present,  as  every  new  ob- 
servation makes  Increasingly  evident  Farther  back  than  the  Pleistocene  we 
have  evidence  that  general  glacial  conditions  existed  over  large  areas  in 
Permian,  probably  in  late  Proterozoic  or  Cambrian,  and  possibly  also  in  De- 
vonian time.  Observations  of  glacial  deposits  from  other  geological  periods 
point  to  distinctly  local  gladation. 

Somewhat  striking  side  lights  upon  this  question  of  planetary  circulation  have 
been  supplied  from  the  field  of  paleobotany.  Since  the  publication  of  an  essay 
by  the  Marquis  of  Saporta  the  attention  of  paleobotanists  has  been  directed  to 
the  somewhat  astounding  conclusion  from  observations  of  fossil  floras  that  gen- 
eral uniformity  of  climate  without  marked  zonal  differentiation  has  been  charac- 
teristic from  early  geological  times  up  to  the  Pleistocene.  An  exceptional  varia- 
tion in  Devonian  time  has,  however,  been  put  upon  record  by  Matthew.*  Two 
of  the  most  eminent  among  American  paleobotanists*  in  1910  joined  in  certain 
generalizations  of  which  the  most  important  is  that  glaclatlon  has  been  ac- 


*  G.  F.  Matthew,  "  Were  There  Climatic  Zones  in  Devonian  Times?  "  Proc.  and  Trans. 
Roy.  Soc,  Can.,  8d  Ser.,  VoL  V,  1011,  Sec.  It,  pp.  125-158. 

'  David  White  and  F.  H.  Knowlton,  **  Evidences  of  Paleobotany  as  to  Geological  Cli- 
mate," Science,  N.  S.,  vol.  81,  1010,  p.  760. 
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companied  by  abnormality  of  climate,  tbe  normal  climate  being  a  uniform  one 
without  zonal  differentiation.  These  generalizations  concerning  the  climatology 
leal  criteria  offered  by  the  fossil  floras  are  as  follows : 

1.  "  Relative  uniformity,  mildness  (probably  subtropical  in  degree)  and  com- 
parative equability  of  climate,  accompanied  by  a  high  humidity,  have  prevailed 
over  the  greater  part  of  the  earth,  extending  to,  or  into,  the  Polar  circles,  dur- 
ing the  greater  part  of  geologic  time  since,  at  latest,  the  Middle  Paleozoic. 
This  is  the  regular,  the  ordinary,  the  normal  condition.  From  a  broad  point  of 
view  these  conditions  are  relatively  stable. 

2.  "The  development  of  strongly  marked  climatic  zones,  at  least  between 
the  polar  circles,  is  exceptional  and  abnormal.  It  is  usually  confined  to  short 
intervals,  or  to  intermittently  oscillating  short  intervals,  all  within  relatively 
short  periods. 

3.  **  The  periods  of  abnormal  climatic  differentiation  are  characterized  by  the 
development  of  extremes — t.  c,  by  extreme  and  abnormal  heat  or  cold  (glacia- 
tlon),  humidity  or  aridity — which  are  local  or  regional  in  their  occurrence  and 
variable  or  unstable. 

4.  "The  brief  geological  period  In  which  we  live  Is  a  part  of  one  of  the 
most  strongly  developed  and  unstable  of  these  abnormal  Intervals  of  radical 
change.  The  assumption  that  climatic  variations,  contrasting  extremes,  and  com- 
plexity of  combination  and  geographic  distribution  of  climatic  factors,  such  as 
now  exist,  are  normal  or  essential,  and  that  they  were  present  also,  though 
in  slightly  less  degree,  in  all  geological  periods,  appears  to  be  without  paleo- 
botanlcal  warrant.  The  proposition  that  we  are  still  in  the  glacial  epoch  is 
paleontologically  true.  We  have  no  evidence  that  In  any  other  post-Silurian, 
with  perhaps  the  exception  of  the  Permo-carbonlferous  glacial  period,  have  the 
climatic  distribution  and  segregation  of  life  been  so  highly  differentiated  and 
complicated  as  in  post-Tertiary  time. 

5.  "  The  distribution  and  characters  of  most  of  the  pre-Tertlary  floras  show 
that  time  and  again  during  the  great  periods  of  relative  uniformity  and  equable 
mildness,  plant  associations  were  able  to  pass  from  one  high  latitude  to  the 
opposite  without  meeting  an  efficient  climatic  obstruction  in  the  equatorial 
region.  The  unchanged  features  of  the  species  and  the  grouping  of  the  latter 
show  that  the  climatic  elements  of  the  environment  must  have  been  similar 
throughout  the  range  of  the  flora.  Therefore  It  apepars  that  a  climate  essen- 
tially the  same  must  have  continued  from  one  latitude  to  the  other  without 
the  interposition  at  those  periods  of  a  torrid  equatorial  zone.  The  absence  of  the 
latter  may  also  be  Inferred  from  the  relative  uniformity  of  distribution  in  other 
directions,  as  shown  by  the  remarkable  east-west  and  radial  ranges  of  the 
floras. 

6.  "  The  development  and  existence  of  torrid! ty — i,  e.,  of  a  torrid  zone  in  the 
equatorial  belt  or  any  other  great  region  of  the  earth — is  concomitant  and 
ciasually  connected  with  the  development  of  regional  frost.  It  would  appear 
that  the  occurrence  of  a  torrid  zone  is  peculiar  to  abnormal  or  glacial  intervals." 

By  this  series  of  generalizations  an  interesting  light  Is  thrown  upon  the 
making  of  scientific  theories,  to  which  we  have  already  adverted  early  in  this 
paper.  Living  as  we  do  in  one  of  the  brief  abnormal  climatic  periods  of  the 
earth's  history,  it  was  inevitable  that  our  pictures  of  past  geological  time 
should  be  colored  to  accord  with  those  with  which  we  are  familiar  from 
our  o>vn  experiences,  and  to  rid  ourselves  of  such  preconceived  notions  is 
always  a  difficult  matter.  It  Is,  we  believe,  an  Important  cohtrlbution  to  have 
shown  that  the  study  of  existing  continental  glaciers  has  supplied  the  explana- 
tion for  the  conditions  from  the  revealed  field  of  paleobotany. 
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Looking  now  to  the  future  for  the  direction  which  further  investigation 
should  take  in  elucidation  of  this  subject  one  may  call  attention  to  the  topog- 
tnphy  of  the  celling  of  the  earth's  troposphere.  Recent  studies  upon  the  free 
atmosphere  have  Indicated  that  this  surface  suffers  a  general  drop  from  an  ele- 
vation of  18  or  more  kilometers  in  tropical  Africa  toward  much  lower  levels  in 
the  high  latitudes  of  northern  Europe  and  Antarctica.  The  supply  of  additional 
data  from  widely  separated  regions  must  show  whether  this  surface  descends 
toward  the  geographic  poles  or  toward  the  wind  poles  above  the  continental 
glaciers.  The  latter  would  seem  to  be  clearly  indicated,  though  current  as- 
sumptions among  meteorologists  appear  to  point  generally  lu  the  other  direc- 
tion. Since  the  geographic  and  wind  poles  are  more  nearly  in  coincidence  In 
the  southern  hemisphere,  the  decisive  test  must  be  made  In  high  northern  lati- 
tudes. 

When  the  director  of  the  MacmlUan  Crocker  Land  Exi>editlon  did  me  the 
honor  to  request  my  assistance  in  laying  out  the  glacial  work  of  the  expedition, 
one  of  the  special  investigations  which  I  advocated  was  the  conducting  of  pilot- 
balloon  observations  over  the  Inland  ice  of  Greenland  during  the  projected 
sledging  Journey  into  the  Interior.  The  projected  cruise  by  Captain  Amundsen 
in  the  "  Fram  "  across  the  north  Polar  Sea  with  the  auxiliary  use  of  an  aero- 
plane, offers,  as  we  believe,  unique  opportunities  for  fixing  by  the  use  of  both 
pilot  and  sounding  balloons  the  upper  limit  of  the  convectlve  zone  of  the  at- 
mosphere above  that  area;  and  the  results,  if  combined  with  successful  studies 
over  Greenland  and  along  the  west  shores  of  BalTln  Bay,  should  supply  a 
decisive  answer  to  the  question. 

The  Chaikman.  The  remaining  papers  on  the  program  for  this 
afternoon  which  have  not  been  read  will  be  regarded  as  read  by  title-^ 
The  first  one  is  entitled  "The  meteorological  influences  of  lakes,'^ 
by  Mr.  E.  R  Miller,  of  the  United  States  Weather  Bureau,  Madison, 
Wis.  Mr.  Miller  has  not  been  able  to  be  present  at  the  congress^ 
The  same  course  will  be  pursued  in  regard  to  the  paper  on  "The 
position  of  meteorology  among  the  sciences,"  by  Mr.  C.  F.  von  Her- 
mann, of  the  United  States  Weather  Bureau,  Atlanta,  Ga.  These 
papers  will  be  regarded  as  read  by  title  and  printed  in  the  proceed- 
ings of  the  Congress.  Prof.  Hobbs's  paper  is  now  before  you  for 
discussion. 

Mr.  Clayton.  Mr.  Chairman,  it  seems  to  me  that  Prof.  Hobbs's 
idea  of  the  Ferrel  theory  is  based  entirely  on  a  misconception  of 
FerrePs  theory.  In  my  study  of  that  theory  it  seems  to  me  that  he 
makes  it  perfectly  clear  that  no  cold-air  cyclone  can  exist,  such  as  his 
polar-air  cyclone  in  the  upper  air,  unless  there  is  a  slow  inward 
movement  of  the  air  toward  the  center  to  make  up  for  the  loss  by 
friction  in  the  air.  A  whirl  when  it  is  started,  should  continue  to 
whirl  if  there  were  no  friction;  but  in  order  for  the  whirl  to  maintain 
itself  against  friction  there  must  be  a  slow  continuous  movement 
toward  the  center  of  the  cyclone.  If  in  the  upper  air  where  the 
whirl  takes  place  there  is  a  descent  of  air,  which  is  the  theory  of  the 
co!d-air  eyclone,  it  means  that  there  must  be  a  central  anticyclone 
below  for  the  air  to  flow  out,  to  supply  a  place  for  the  air  which  is  to 
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flow  in  from  above.  Ferrel  makes  that  perfectly  clear  to  me  in  his 
explanation  of  his  theory,  and  he  seems  to  explain  the  facts  perfectly. 
A  curious  thing  is  that  one  of  the  first  objections  that  I  ever  read  to 
Ferrel's  theory  was  that  there  did  not  exist  that  outflow  at  the  polar 
regions;  and  if  Prof.  Hobbs  will  look  up  a  paper  written  by  Prof. 
Davis,  I  think  in  the  American  Journal  of  Science,  15  years  ago,  he 
defends  that  particular  theory  of  Ferrel  and  of  the  polar  anticyclone 
which  his  theory  demands.  Ferrel  himself  rather  yielded  to  this 
attack,  that  there  did  not  exist  an  outflow  at  the  poles,  but  that  there 
was  a  prevalence  of  polar  calms.  That  seemed  to  be  shown.  It  did 
not  fit  his  theory,  but  he  thought  the  outflow  took  place  above,  just 
as  on  a  clear  night  you  will  find  the  air  calm  below  while  the  wind 
only  a  few  hundred  feet  above  the  earth  is  blowing  briskly  along. 
Ferrel  assumed  that  next  to  the  polar  ice,  on  account  of  the  low 
temperatures,  the  air  had  become  still;  but  his  theory  distinctly  de- 
mands an  anticyclone  at  the  polar  regions  in  order  to  make  it  possible 
for  a  cyclone  to  exist  with  a  westerly  wind.  So  I  think  instead  of 
overturning  Ferrel's  theory  the  anticyclone  absolutely  supports  it 
A.nd  it  seems  to  me,  with  all  the  attacks  that  have  been  made  on 
Ferrel's  theory,  it  fits  the  theory  of  the  atmospheric  circulation  bet- 
ter than  anything  else  that  has  been  proposed  so  far;  and  every 
theory  must  be  tested  by  how  it  fits  the  facts.  Then,  again,  one  por- 
tion of  Ferrel's  theory  is  the  theoretical  outflow  of  northwest  winds 
above  the  steady  southwest  winds  in  intermediate  latitudes.  That 
particular  phase  of  his  theory  has  not  been  fully  confirmed  by  obser- 
vations unless  we  assume,  as  Hildebrandsson  has  shown,  that  the 
cirrus  clouds  represent  this  counterflow  in  the  intermediate  lati- 
tudes. His  observations  show  that  all  through  the  northern  hemis- 
phere the  tendency  of  the  cirrus  clouds  is  from  the  northwest  toward 
the  belt  of  high  pressure  in  about  latitude  30,  and  if  there  is  a  back- 
ward flow  above,  which  has  not  yet  been  proven,  then  his  theory  is 
perfectly  in  accordance  with  the  facts.  The  only  thing  that  I  know 
that  has  not  been  proven  yet  by  observation  is  an  inward  draft  above; 
but  the  fact  that  there  is  an  outdraft  below  seems  to  me  to  imply  that. 
Mr.  HoBBs.  I  think  Mr.  Clayton  has  misunderstood  me  in  one 
respect.  I  am  not  attacking  the  Ferrel  theory  as  a  whole,  but  in 
reference  to  the  high  latitudes  only.  I  assume  that  his  contribution 
to  the  theory  of  planetary  air  circulation  in  large  part  can  be  ac- 
cepted, but  when  Mr.  Clayton  says  that  Ferrel's  theory  fits  polar 
<:onditions  I  must  say  most  emphatically  that  it  does  not.  The  fact 
is  that  Ferrel  was  without  facts  to  go  upon  south  of  54®  south  lati- 
tude. If  Mr.  Clayton  implies  that  when  Ferrel  refers  to  the  whirling 
westerly  winds  he  had  reference  to  winds  high  up  in  the  atmosphere, 
whereas  elsewhere  he  refers  to  surface  winds,  I  can  not  agree  with 
him. 
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For  the  northern  polar  region  meteorological  observations  were 
long  restricted  to  the  accessible  portions  of  the  western  coast  of 
Greenland.  Owing  to  the  nearness  of  the  inland  ice,  the  prevailing 
winds  were  found  to  be  easterly,  and  the  assumption  has  generally 
been  made  in  the  absence  of  observations  that  the  same  rule  applies 
to  the  eastern  coast  of  that  continent.  We  now  know  that  on  the 
-eastern  coast  the  winds  are  westerly  and  similarly  controlled  by  the 
inland  ice,  but  Chamberlin  and  others  have  fallen  into  the  error  of 
assuming  easterly  winds  to  be  universal  throughout  that  region. 
Even  now  this  dominant  error  has  not  been  altogether  corrected. 
Observations  made  on  the  southwest  coast  of  Greenland  upon  the 
free  atmosphere  have  further  shown  that  even  high  up  in  the  tropo- 
sphere we  do  not  get  steady  west  winds.  In  the  southern  hemis- 
phere on  the  borders  of  the  inland  ice  of  Antarctica  observations  by 
Barkow  likewise  refute  the  Ferrel  doctrine  of  westerly  polar  whirls. 

The  following  papers  were  presented  and  read  by  title: 

The  meteorological  influences  of  lakes,  by  Eric  Rexford  Miller. 

The  position  of  meteorology  among  the  sciences,  by  Charles  F. 
▼on  Hermann. 


THE  METEOROLOGICAL  INFLUENCES  OF  LAKES. 

By  ERIC  REXFORD  MILLER. 
Local  Forecaster,  United  States  Weatlier  Bureau,  Madison,  Wis. 

The  object  of  this  paper  Is  to  call  attention  to  the  relatively  important  effects 
of  the  land  and  sea  breezes  and  of  the  monsoons  of  the  Great  Lakes  of  North 
America,  notwithstanding  the  interference  that  their  typical  development  suf- 
fers from  the  procession  of  cyclonic  and  antlcyclonic  eddies  of  the  west  wind 
belt 

The  land  and  sea  breeze  is  well  known,  especially  to  those  members  of  the 
Pen  American  Scientific  Congress  who  come  from  tropical  America.  The  mon- 
soon is  less  familiar  to  those  who  have  not  experienced  the  climate  of  southern 
Asia.  These  winds  are  alternating  air  movements  to  and  from  bodies  of  water. 
The  land  and  sea  breoze  completes  it  cycle  of  to-and-fro  movement  In  one  day, 
while  the  period  of  the  monsoon  Is  the  year.  They  are  to  be  considered  as 
single  members  only  of  convectional  circulations  of  the  atmosphere,  which  are 
made  up  not  only  of  the  horizontal  members  that  we  know  by  the  above  names, 
but  of  a  vertical,  ascending  current,  a  horizontal  current  in  the  upper  atmos- 
phere, and  a  vertical  descending  current  to  complete  ftie  circuit 

The  source  of  these  currents  of  air  is  found  in  the  alternate  heating  and 
cooling  of  the  earth's  surface,  and  especially  In  the  greater  fluctuation  of  the 
temperature  of  the  land  than  of  the  water  surface.  The  ascending  member  of 
the  circulation  is  always  found  over  the  warmer  surface,  and  the  surface  flow  is 
in  consequence  toward  the  warmer  region.  Thus  the  sea  breeze  blows  toward 
the  land  during  the  daytime,  and  the  land  breeze  toward  the  sea  at  night,  when 
tlie  sea  surface  is  less  cooled  than  the  land,  by  nocturnal  radiation  of  heat 
The  monsoon  blows  toward  the  land  during  the  summer,  toward  the  sea  in 
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winter.    These  winds  are  observed  to  change  direction  during  their  blowings 
turning  to  the  right  in  the  Northern  Hemisphere,  to  the  left  in  the  soutiieni. 

The  vertical  currents  are  subject  to  changes  of  profound  interest  because  th» 
air  in  them  is  subjected  to  rapid  changes  of  pressure.  The  actual  amount  of 
change  varies  with  the  temperature  of  the  air,  but  it  is  about  1  pound  per 
square  inch  for  2,000  feet  of  vertical  distance.  Such  changes  of  pressure,  de- 
creasing in  ascending  currents,  increasing  in  descending  currents,  produce 
changes  of  volume  and  of  temperature,  according  to  the  laws  of  Boyle  and 
Charles.  An  ascending  current  cools  at  the  rate  of  1"  F.  in  178  feet  (1*  C.  In 
100  meters),  and  descending  currents  wann  at  the  same  rate.  Such  tempera- 
ture changes  induce  corresponding  changes  of  state  of  the  aqueous  vapor  in 
the  air.    Gloudines-s  and  rainfall  occur  in  the  ascending  current,  dryness  and 

clearness  characterize  the  de- 
scending current  The  latter 
condition  is  especially  favor- 
able to  the  passage  of  radia- 
tion, it  may  be  remarked. 

I  have  limiteil  the  present 
study  to  that  peninsula 
formed  by  upper  Michigan 
and  northern  Wisconsin  be- 
tween the  adjacent  lakes, 
Michigan  and  Superior, 
partly  because  it  affords  the 
best  example  of  the  plie- 
nomena  studied  and  partly 
because  the  data  for  other 
regions  were  not  so  readily 
available  to  me.  The  lake 
region  lies  In  the  belt  of 
westerly  winds,  which  is  kept 
in  continual  turbulence  by  a 
procession  of  atmospheric 
vortices,  cyclonic  and  antlcy- 
clonlc.  It  is  only  at  rare 
intervals  that  the  land  and 
sea  breeze  has  sole  control 
of  the  situation.  The  tend- 
ency of  the  air  to  circulate  l»otween  land  ami  water  is,  however,  always 
present  when  these  surfaces  differ  in  temperature,  and  at  times  when  it 
can  not  control  the  air  movements  itself,  acts  as  a  deflecting  force  upon 
stronger  circulatory  movements.  In  order  to  exhibit  the  effects  of  lake 
influence  upon  the  winds  it  is  necessary  to  deduce  the  resultant  wind  for 
the  day  winds  and  for  the  night  winds  separately.  This  is  done  by  compound- 
ing, by  the  usual  rule  for  vectors,  the  total  movement  observed  from  each  of 
the  principal  points  of  the  compass.  In  this  process  the  accidental  and  variable 
movements  from  opposite  directions  neutralize  one  another  and  leave  the  steady 
phenomena  to  be  studied.  I  have  done  this  for  the  morning  and  afternoon  wind 
movements  in  June  at  Duluth  and  Marquette,  on  Lake  Superior,  and  Escanaba,. 
Green  Bay,  and  Milwaukee,  on  hake  Michigan,  and  for  Madison  at  a  distance 
of  80  miles  from  the  latter  lake,  and  exhibit  the  result  in  figure  1  and  in 
Table  1.  The  observations  available  to  me,  those  telegraphed  for  use  in  pre- 
paring the  official  weather  map,  are  made  at  7  a.  m.  and  7  p.  m.  in  the  lake 
region,  not  the  times  of  maximum  development  of  the  land  and  sea  breeze.    I 


Fio.  1.— Hesoltant  wind  movement  in  June,  at  7  a.  m.  ( >) 

and  at  7  p.  m.  (<«- )  at  lake  shore  stations.    Based  on  11 

years  observations,  1905-1916.    (Author's  original  Illustra- 
tion.) 
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should  also  have  done  better  to  have  chosen  August  or  September,  since  the  lakes 
are  generally  colder  than  the  land,  even  at  night  In  June.  However,  the  vec- 
tors, which  take  account  of  both  the  direction  and  velocity  of  the  wind,  show 
clearly  the  tendency  to  offshore  winds  In  the  morning  and  onshore  winds  In 
the  evening,  which  Is  as  It  should  be.  The  effects  of  local  topography  and  of 
general  atmospheric  drift  remain  In  these  vectors. 

In  order  to  show  the  prevailing  direction  and  intensity  of  the  temperature 
gradient  tending  to  produce  convectlonal  circulation  of  the  atmosphere  between 
the  peninsula  and  the  adjacent  lakes,  figure  2  has  been  prepared.  The  lines 
numbered  (3)  and  (4)  show  the  temperature  of  the  surface  water  of  Lakes 
Michigan  and  Superior,  respectively;  those  numbered  (1)  the  mean  maximum 
temperature,  and    (2),  the  mean  minimum  temperature,  show  the  average 


Fio.  2.— Annual  march  of  tamperatare:  1,  mean  mazimam  temperature  at  liedford.  Wis.;  2,  mean 
minimum  temperature  at  ICedford,  Wis.;  3,  mean  water  surface  temperature  at  Eleven  Foot 
Shoal,  Lake  Miohigan;  4,  mean  water  surface  temperature  at  Devil's  Island,  Lake  Superior. 

range  of  fluctuation  of  the  air  temperature  over  the  peninsula  at  a  point  midway 
between  tlie  lakes.  The  data  for  the  lake-surface  temperatures  are  derived 
from  observations  made  in  1905  and  1906  under  the  direction  of  the  Lake 
Survey.  Lake  Superior  is  represented  by  data  for  Devils  Island,  latitude 
47*  05'  N.,  longitude  90"*  45'  W.,  and  Lake  Michigan  by  Eleven  Foot  Shoal, 
46*  88'  N.,  87*  W.  Lake  Superior  is  colder  by  nearly  10  degrees  in  its  eastern 
basin,  as  shown  by  observations  at  Stannard  Rock,  47*  10'  N.,  87*  12'  W.  The 
inland  air  temperatures  are  for  Medford,  Wis.,  as  given  by  Henry  in  his  Cli- 
matology of  the  United  States.  These  curves  show  that  the  inland  air  tempera- 
ture fluctuates  both  above  and  below  the  water  surface  temperature  In  such  a 
way  as  to  cause  a  true  land  and  sea  breesse,  on  the  average,  only  from  July  to 
October, and  in  March  and  April.    From  November  to  February  the  land  is 
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Fio.  3.— Temperature  cross  aeoiions  oT  the  Upper  Peoinsulaof  Michigan  at  the 
warme  t  and  cdldest  time?  of  the  day  in  April,  Jane,  and  beptember. 
(AaUior's  original  iLostration.) 
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usually  colder  than  the  lakes,  and  an  pITshore  monsoon  shonid  be  expecte<1, 
while  In  May  and  June,  when  the  land  Is  wanner  than  the  lakes  both  day  and 
night,  as  a  rule,  the  opposite  tendency  should  be  predominant    In  figure  8  are 


Fio.  4.— ATentge  rainfall  for  the  six  months.  April-Eoptambcr,  In  inchos.    For  the  period 
o(1904-19U.    Baaed  on  68  staUons.   (Author's  original  Ulustration.) 


Fio.  5.— SnowfttU  of  the  Lake  Region,  hi  inches.    (From  Brooks,  SnowfaU  of  the  United 

Stet€<s.) 

exhibited  the  day  and  night  temperature  gradients  across  the  peninsula  at  the 
time  most  favorable  to  the  sea  breeze  in  the  upper  curve,  which  gives  the  mean 
maxima  at  the  series  of  stations  across  the  peninsula,  and  at  the  time  most 


194       PBOCEEDINGS  SECOND  PAN  AMEBICAN  SCIENTIFIC  CONGBESS. 

favorable  to  the  land  breeze  by  the  lower  curve  of  the  mean  minima.  The  con- 
vexity of  the  upper  curves  and  the  concavity  of  the  lower  curves  across  the 
peninsula  give  a  rough  measure  of  the  force  driving  the  wind  toward  the  land 
in  the  afternoon  and  toward  the  lake  In  the  night 

Ck)nsideration  of  these  two  diagrams,  figures  2  and  3,  indicates  that  the  ascend- 
ing currents  over  the  land  are  likely  to  be  most  active  between  April  and  Sep- 
tember. In  view  of  the  cooling  that  ensues  in  ascending  currents,  heavier  rain- 
fall is  to  be  expected  over  the  land  during  these  months.  In  order  to  verify 
this  deduction  I  have  averaged  the  rainfall  for  10  years  for  these  six  months 
from  the  tables  of  rainfall  data  published  in  United  States  Weather  Bureau 
Bulletin  W,  **  Climatological  data  by  sections,'*  taking  for  the  purpose  68  stations 
with  complete  or  nearly  complete  series  of  observations  for  the  period.  The 
missing  data  were  supplied  by  interpolation  from  comparisons  with  surrounding 
stations.    The  result  of  this  investigation  is  exhibited  in  figure  4.    The  excess 


Fio.  6.— AveracB  aiiniiAl  nOnfiaU  of  Wtsoonsin  and  HIehigMi.  (Fiom  OamMtt,  Dbtrt- 
ImtkMi  of  RainCaU  U.  S.  0.  8.  Wat«^Sapply  Paper  234,  and  Bommim,  Monthly 
Waather  Reriew,  Jvly,  1918.) 

of  rainffill  in  the  interior  of  the  peninsula  over  that  on  the  lake  shores  is  no  leas 
than  12  inches,  or  86  per  cent  of  the  latter.  The  winter  precipitation,  on  the 
other  hand,  is  mostly  in  the  vicinity  of  the  lakes.  O.  F.  Brooks  has  mapped  the 
snowfall  of  the  lake  region,  and  I  copy,  in  figure  5,  a  portion  of  his  map.  I 
am  not  prepared  to  assign  this  precipitation  to  local  convectional  circulation, 
although  the  fact  that  the  land  surface  is  nearly  20**  colder  than  the  water 
surface,  which  does  not  freeze  in  winter,  demands  that  some  credit  be  given 
this  influence.  That  the  summer  and  winter  distributions  of  precipitation  are 
nearly  compensatory  is  shown  by  the  map  of  average  annual  rainfall,  figure  6^ 
wherein  the  maxima  are  only  about  14  per  cent  higher  than  the  minima. 

The  descending  member  of  the  circulation  of  the  air  between  the  land  and  the 
lake  has  effects  scarcely  less  important  than  those  attending  the  ascending  cur- 
rent when  it  prevails  over  the  land.  Descending  currents  are  induced  by  the 
land  being  colder  than  the  lake.  Their  descent  involves  compression  of  the 
<1escending  air,  so  that  clouds  are  usually  absent  from  descending  currents. 
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no.  7.— Keim  dafly  rangs  of  taraperatnre,  in  dflsrees  Fahrenheit,  for  the  six  warmer  months,  April- 
i  r|)leniber.  Based  on  reoordi  from  49  sUtions  for  the  five  years,  J9(»-1913.  (Author's  original 
fUobtration.) 


Fro.  8.— The  average  interval  in  days  between  the  last  killing  frost  In  spring  and  the  first  killing 
frost  in  fall.    (From  BoU.  V,  U.  8.  Weather  Boreao.) 

68436— VOL  n— 17 ^13 
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This  insures  free  egress  for  radiation  from  the  soil,  so  that  still  further 
refrigeration  of  the  land  surface  ensues.  The  very  low  minima  in  the  interior 
of  the  peninsula  in  September,  as  compared  witli  tlie  conditions  In  April  and 
June,  In  figure  3,  may  be  ascribed  to  this  cause  since,  in  September,  according 
to  figure  2,  conditions  are  more  favorable  for  the  development  of  the  land 
breeze.  Of  course,  these  curves  represent  average  conditions.  It  is  not  at  all 
uncommon  for  anticyclones  to  bring  in  air  in  April,  May,  and  June  tliat  is  much 
colder  than  the  lake  surface. 

PER  CENT  OF  LAND  AREA  IN  FARMS. 

(Per  cent  for  the  state,  ^9.0.) 

Tbe  per  crat  or  area  Infarms,  whan  laai  than  90.  Is  Iiia«rted  uzidtf  the  ooonty  name. 


Fio.  9. 

It  results  from  tliis  action  that  the  mean  daily  range  of  temperature  In  tbe 
Interior  of  the  peninsula  is  much  increased  through  lowering  of  the  nocturnal 
minima.  A  map  which  I  have  prepared  from  data  published  in  the  Monthly 
Weather  Review  and  in  the  State  summaries  of  climatological  data  by  sec- 
tions for  each  month  shows  the  mean  daily  range  of  temperature  over  the 
peninsula  for  the  six  warmer  months.  The  daily  range  of  temperature  (fig.  7) 
Is  nearly  twice  as  wide  in  the  middle  of  the  peninsula  as  it  is  on  the  lake 
shores. 
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The  excessive  Docturnal  cooling  here  described  is  favorable  to  the  produc- 
tion of  very  late  frosts  in  spring  and  very  early  frosts  in  fall.  Figure  8,  taken 
from  Mr.  Preston  C.  Day's  Frost  Data  of  tlie  United  States,  shows  clearly  the 
extreme  susceptibility  of  the  peninsula  to  frosts.  The  shortness  of  the  average 
interval  between  the  last  frost  in  the  spring  and  the  first  in  fall  is  mitigated 
somewhat  by  the  great  number  of  small  lakes  in  that  region,  but  it  is  serious 
enough  to  have  seriously  retarded  the  agricultural  development  of  that  dis- 
trict The  Wisconsin  agricultural  experiment  station  has  done  much  to  amelio- 
rate conditions  by  breeding  new  varieties  of  crops  that  complete  their  life  cjcle 
in  the  short  period  available.  The  report  of  the  United  States  Census  for  1910 
showed  that  at  that  time  only  from  3  to  15  per  cent  of  the  land  area  of  the 
counties  in  the  district  midway  between  the  lakes  had  been  brought  under 
cultivation,  while  more  than  90  per  cent  of  the  land  area  of  the  counties  In  tlie 
more  favored  portion  of  the  State  (fig.  9)  is  in  farms.  This  difference  is 
probably  not  all  due  to  the  shortness  of  the  northern  growing  season.  That 
area  was  very  heavily  forested  when  Wisconsin  was  first  settled,  perhaps  on 
account  of  the  heavy  summer  rainfall  that  we  have  already  noted  as  due  to 
the  summer  monsoonal  air  circulation.  The  cutting  of  the  forests  has  left  the 
land  thickly  infested  with  stumps,  whose  removal  is  a  costly  and  laborious 
operation. 

It  must  be  recognized  that  lakes  exercise  an  important  influence  upon  the 
climate  of  their  adjacent  lands,  even  in  the  belt  of  weisterly  winds,  where  their 
influence  is' often  obscured  by  eddy  motions  on.  a  larger  scale.  Their  influence 
is  not  restricted  to  the  simple  transfer  of  moist,  cool  lake  air  to  the  adjacent 
shores  on  hot  summer  days,  or  to  the  tempering  of  passing  cold  waves,  but  their 
influence  extends,  on  account  of  the  special  phenomena  of  ascending  and 
descending  air  currents,  to  regions  far  from  the  lake  shores,  where  they  cause 
heavier  rainfall  in  the  warmer  months  and  clear,  frosty  nights  whenever  the 
land  surface  temperature  is  lower  than  that  of  the  lake  surface. 

Table  1. — Average  number  of  times  the  wind  ftZcto  from  each  direction  in  the 
month  of  June,  for  the  period  1905-1915. 

TABLE  L 
(a)  ICORIIINO  (7  A.  IC). 


N. 

NB. 

E. 

8E. 

8. 

8W. 

W. 

NW. 

Calm. 

PohiUi 

L6 
.5 
1.3 
4.2 
8.8 
4.0 
2.5 

13.8 
.6 
1.6 
7.3 
4.0 
6.4 
8.3 

0.7 
9.2 
2.7 
L7 
1.8 
1.7 
L7 

0.4 
6.0 
8.4 
2.1 
2.5 
2.8 
5.1 

0.6 
.2 
2.0 
5.5 
5.6 
L4 
4.7 

4.0 
1.1 
5.5 
3.1 
8.1 
4.5 
6.7 

4.0 
8.7 
5.5 
2.9 
2.2 
6.7 

4.8 
8.5 
7.4 
8.0 
.8 
L9 
4.5 

0.S 

Boochtoo 

1.2 

If iirqu«t  tt^  ]]. 

BaraiMba. 

Oretn  Bay 

MII^'Mkm 

MMUmi 

(b)  BVINDfO  (7  P.  IC.). 


Dnlotii 

1.2 
L7 
3.5 
2.4 
3.0 
1,5 

15.4 
8.1 
4.0 
5.4 
7.1 
3.0 

0.0 
4.0 
8.1 
8.4 
2.5 
8.0 

ao 

5.8 
2.1 
7.9 
5.5 
5.9 

a7 

4.8 
9.0 
4.9 
3.4 
4.3 

4.7 
1.5 
4.8 
5.8 
8.6 
4.7 

3.9 
2.4 

.7 
2.2 
3.9 
3.7 

2.4 
5.0 
1.4 
.8 
.8 
3.8 

0.6 

MaraiHittt 

EartiMba 

OrMO  Bay 

llSSaSS  ...                                      .  . 

jgjwmjjwi.. ............... ............ 
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Average  vclocUy  of  the  wind  from  C€tch  direction^  lit  June,  for  the  period 
100o-li)15  (miles  per  hour). 


(C)  MORNINO  (7  A.  M.). 

N. 

NE. 

E. 

8E. 

8. 

SW. 

W. 

NW. 

Calm. 

Duluth 

6.8 
7.3 
6.1 
9.1 
10.7 
7.9 
6.7 

10.4 
8.9 
4.0 
7.4 
9.3 
8.1 

lao 

5.8 
5.8 
4.9 
7.8 
6.7 
0.8 
6.5 

7.0 
7.4 
7.6 
7.5 
7.9 
8.2 
7.5 

4.6 
5.0 
11.3 
6.8 
7.4 
8.3 
8.2 

9.8 
4.2 
12.5 
6.4 
8.6 
9.3 
7.8 

12.7 
7.6 
9.2 
6.2 
9.6 
7.1 
6.4 

13.4 
8.7 
9.2 
8.3 
9,7 
8.7 
7.1 

UoufThton 

Marquette 

Escanaba. 

Oreen  Bay 

Milwaukee 

Madison 

id)  Etknino  (7  P.  li.). 


Duluth.  . 

8.0 

5.7 
13.4 

9.8 
11.8 

9.4 

11.4 
4.2 
12.0 
11.4 
8.3 
8.8 

6.0 
4.7 
8.4 
6.8 
5.9 
8.3 

4.1 
6.0 
7.1 

ao 

5.2 
7.4 

8.9 
9.3 
7.5 
8.7 
0.3 
7.2 

9.9 
9.3 
7.8 
8.8 
9.5 
6.0 

11.2 

6.3 
6.0 
9.5 
7.3 
5.0 

11.8 
7.5 
12.7 
11.6 
10.2 
7.6 

Marquette 

Oreen  Bay 

Milwaukee 

Madison 

BIBLTOCRAPHT. 

Papers  on  the  same  subject 

Davis,  T.  H.  The  direction  of  local  winds  as  affected  by  contiguous  areas  of 
land  and  water.    Monthly  Weather  Review,  1006.    Vol.  34,  page  410. 

Eshleman,  G.  H.  Climatic  effect  of  the  Great  I^akes  as  typified  at  Grand  Haven, 
Mich.  Meteorological  Chart  of  tlie  Great  Lakes,  September,  1913.  Washing- 
ton, D.  C.    U.  S.  Weather  Bureau  publication. 

Hann,  J.  v.  Land-  und  Seeklima.  in  Handbuch  der  Klimatologie,  3  Auf.  Stutt- 
gart, 1908.    pp.  119-179. 

Hann,  J.  v.  Tlie  influence  of  continents  upon  winds,  in  Handbook  of  Climatology. 
Part  1,  Chapter  IX.  pp.  154-180.  (Translation  by  R.  De  C.  Ward.)  New 
York,  1903. 

Hann,  J.  v.  u.  Sflring,  R.  Die  Land-  und  Seewinde,  S.  438,  and  Monsune,  S.  458, 
in  Lehrbuch  der  Meteorologie,  Leipzig,  1915. 

Henry,  A.  J.  Winds  of  the  Lake  Region,  Monthly  Weather  Review,  Nov.,  1907, 
page  516. 

Kaiser,  Max.  The  land  and  sea  winds  of  the  Baltic  coast  of  Germany.  Review 
by  C.  Abbe,  In  Monthly  Weather  Review,  1906,  Vol.  34,  page  460. 

Townsend,  C.  McD.  Colonel,  U.  S.  Army,  Corps  of  Engineers.  The  Currents  of 
Lake  Michigan  and  their  influence  on  the  Climate  of  the  neighboring  States. 
Paper  presented  to  Western  Society  of  Engineers,  Chicago,  111,  Oct  11, 1915. 

Publications  consulted  in  preparing  this  paper. 

Brooks,  C.  F.  The  snowfall  of  the  United  States.  Quarterly  Journal  of  the 
Royal  Meteorological  Society.    1913,  Vol.  39.    No.  166,  page  81. 

Brooks,  C.  F.  The  snowfall  of  the  eastern  United  States.  Monthly  Weather 
Review,  Vol.  43,  Pt.  1,  January,  1915,  page  2. 

Day,  P.  C.  Frost  data  of  the  United  States.  U.  S.  Weather  Bureau  BuHetia 
V.    Washington,  1911. 

Henry,  A.  J.  Climatology  of  the  United  States.  U.  S.  Weather  Bureau  Bulle- 
tin Q. 

Summaries  of  Cllmatological  Data  by  Sections,  U.  S.  Weiither  Bureau.  Bulletlii 
W.    2  vols.    Washington,  1912. 

(Water  surface  temperatures  of  the  Great  Lakes.)  In  report  of  board  of  offlcers 
of  Army  engineers  to  consider  "  Waterway  from  Lockport,  III.,  by  way  of  the 
Des  Plaines  River  and  the  Illinois  River  to  the  mouth  of  the  Illinois  River." 
H.  R.  Document  No.  762,  2d  session,  63d  Congress. 


A8TB0N0MY,  METEOBOLOGY,  AKD  SEISMOLOGY.  199 

THE  POSITION  OF  METEOROLOGY  AMONG  THE  SCIENCES. 

By  CHARLES  F.  VON  HERRMANN. 
Ileteorologist,  United  States  Weatlier  Bureau,  Atlanta,  Go. 

It  is  a  very  difficult  matter  to  measure  truly  the  importance  of  each  branch  of 
science  and  to  place  it  in  its  proper  position  in  the  whole  domain  of  human 
knowledge.  The  interrelationship  of  the  sciences  is  so  intricate,  progress  in 
one  direction  is  so  inevitably  followed  by  progress  in  many  other  directions, 
that  it  seems  impossible  to  select  any  one  department  of  knowledge  as  a  founda- 
tion upon  which  the  sciences  may  be  placed  in  something  like  natural  order. 
If,  following  John  Fiske,  we  endeavor  to  arrange  the  sciences  in  the  order  in 
which  the  "  subjective  phenomena  have  begun  to  be  manifest  in  the  course  of 
universal  evolution,**  we  find  first  In  order,  **  astronomical  phenomena  presented 
by  the  genesis  of  the  solar  system  from  a  rotating  mass  of  vapor  ** ;  then,  upon 
the  cooling  and  contracting  earth,  geological  and  atmospheric  phenomena,  and, 
lastly,  with  the  first  signs  of  life,  biology.  But  meteorology,  which,  according 
to  this  point  of  view  as  well  as  from  its  immense  influence  on  life,  should  have 
been  one  of  the  earliest  developed  sciences,  has  been  almost  the  last  to  attain 
recognition  as  a  distinct  subject — a  result  due  to  the  late  discovery  of  the  in- 
struments required  for  the  exact  measurement  of  the  phenomena  observed  and 
to  tlieir  very  Intricate  nature.  If  Auguste  Comte,  In  his  Hierarchy  of  Sciences^ 
by  selecting  mathematics,  astronomy,  physics,  chemistrj',  biology,  and  sociology 
as  the  six  fundamental  sciences,  unduly  simplified  the  problem,  other  well-known 
philosophers  who  have  dealt  with  It  have  Involved  the  question  of  the  subdivision 
of  the  sciences  In  unnecessary  metaphysical  subtleties,  and  no  single  scheme  of 
classification  has  yet  received  unqualified  acceptance  among  scientists.  Tliis  is 
perhaps  natural,  since  every  science  passes  through  various  stages  of  develop- 
ment, and  a  science  in  a  state  of  vigorous  growth  though  once  fitteil  In  Its 
proper  niche  mny  have  subsequently  quite  outgrown  its  place;  and  while  the 
general  principles  that  control  classification  ^ave  been  fixed,  the  exact  position 
of  some  of  the  sciences  Is  still  a  matter  of  dispute.  This  is  especially  true  of 
meteorology. 

We  owe  the  most  complete  discussion  of  the  subject  that  we  possess  to  the 
older  philosophers,  Bacon,  Hegel,  and  Comte,  while  the  modern  point  of  view 
is  presented  by  Herbert  Spencer  in  England  and  John  Flske  In  America.  Too 
much  time  would  be  required  to  give  even  a  partial  summary  of  the  older 
schemes  of  classification,  which  now  have  only  historical  interest,  but  the  sources 
of  some  of  the  central  ideas  that  are  still  of  value  mny  well  be  given  here. 

Although  Francis  Bacon  (1623)  endeavored  to  Impress  upon  men*s  minds  the 
truth  that  the  foundation  of  all  knowledge  Is  experience,  he  was  unable  to  free 
himself  from  the  metaphysical  trend  of  thought  in  his  day.  His  classification 
of  the  sciences  Is  based  on  the  faculties  of  the  understanding — memory,  imagi- 
nation, and  reason — with  no  distinction  between  real  phenomena  and  the  results 
of  speculative  thought.  We  are  indebted  to  Bacon,  however,  for  the  Idea  that 
the  several  divisions  of  knowledge  are  not  superimposed  on  each  other,  but  are 
like  the  branches  of  a  tree  that  meet  In  the  stem,  thus  emphasizing  the  Inter- 
relationship of  the  sciences.  To  Auguste  Comte  (1S42)  we  are  Indebted  for  the 
primary  distinction  between  the  sciences,  **  the  one  kind  abstract  and  general, 
having  for  their  object  the  discovery  of  the  laws  to  which  the  various  orders  of 
phenomena  conform  In  all  conceivable  cases;  the  other  kind  concrete,  special, 
descriptive,  consisting  in  the  application  of  general  laws  to  the  natural  history 
of  the  various  objects  actually  existing  in  the  present  or  the  past."  Comte  also 
rigidly  excluded  all  supposed  contributions  to  knowledge  based  on  faith  or 
metaphysical  rea9oning.    To  Herbert  Spencer   (1804)   we  owe  probably  the 
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most  comprehensive  discussion  of  the  entire  question,  as  also  a  complete  tabular 
system  of  classification,  which  has  served  as  the  basis  of  all  others.  Spencer 
added  to  the  accepted  principles  of  classification  the  distinction  between  the 
abstract  concrete,  or  exact  physical  sciences,  and  the  concrete,  or  strictly  descrip- 
tive sciences. 

Three  groups  are  now  generally  reognlzed :  First,  the  abstract  sciences,  deal- 
ing with  the  general  relations  between  all  phenomena — tliat  is,  to  the  mental 
processes  by  which  we  conceive  things,  as  logic  and  mathematics,  which,  in  a 
certain  sense,  may  be  termed  the  fundamental  sciences.  Second,  the  abstract 
concrete  or  exact  sciences,  which  deal  with  the  properties  manifest  In  the  move- 
ments of  masses  or  In  the  aggregation  of  molecules,  in  which  many  of  the  laws 
are  expressed  as  brief  mathematical  formuloe,  as  physics  or  chemistry.  Third, 
the  concrete  or  descriptive  sciences,  dealing  with  the  properties  of  definite  ag- 
gregates, as  geology,  mineralogy,  biology,  in  which  mathematics  has  no  place. 
In  his  extensive  tables  of  the  classification  of  the  sciences  Spencer  placed  meteor- 
ology between  geology  and  mineralogy  without  specifically  mentioning  the  sub- 
ject in  the  text  of  his  essay.  Indeed,  at  the  time  Spencer  wrote  the  progress  of 
meteorology  had  not  been  suflaclent  to  justify  giving  the  subject  higher  rank. 

Tills  view  of  the  position  of  meteorology  has  hardly  undergone  any  change 
even  in  the  most  recent  subdivisions  proposed.  Meteorologists  have  failed  to 
proclaim  boldly  Its  positive  and  independent  rank,  and,  left  to  others  who  have 
been  profoundly  Impressed  by  its  numerous  relations  to  many  other  sciences* 
meteorology  has  been  classed  at  one  time  as  a  branch  of  physics  or  chemistry, 
at  another  as  belonging  to  geology  or  physical  geography,  or  even  as  an  essen- 
tial part  of  biological  and  human  geography.  The  subject  Is  still  taught  in  the 
schools  as  a  part  of  physical  geography  or  physiography,  without  recognition 
of  the  fact  that  from  the  standpoint  of  evolution  meteorology  is  the  primary 
science,  whose  laws  are  "  original,  not  derivative  uniformities,"  as  witness  the 
well-understood  facts  th^t  all  organic  life  Is  dependent  on  the  atmosphere  for 
its  existence  and  that  the  configuration  of  the  earth*s  surface  is  ultimately  due 
to  the  action  of  winds  or  to  the  action  of  water,  which  could  not  exert  its  ob- 
served effects  without  a  gaseous  envelope.  In  the  most  recent  and  elaborate 
scheme  of  classification  given  in  Chapter  XII  of  I*rof.  Karl  Pearson's  Grammar 
of  Science,  which  was  written  in  1899,  we  find  the  prevailing  view  In  regard  to 
the  position  of  meteorology  set  forth  under  the  discussion  of  the  sciences  which 
deal  with  inorganic  phenomena  in  the  following  words : 

The  first  subdivision  of  these  sciences  may  be  referred  to  the  distinction  we 
have  already  drawn  between  the  exact  physical  sciences  and  the  descriptive 
physical  sciences,  or,  as  we  will  term  them,  the  precise  and  the  synoptic  physical 
sciences.  Thus  we  find  that  astronomers  are  able  to  predict  the  precise  time  on 
a  given  day  of  a  given  year  at  which  Venus  will  appear  to  an  observer  at  a 
given  position  on  the  earth's  surface  to  begin  Its  transit  over  the  sun's  disk. 
On  the  other  hand,  we  discover  by  every-day  experience  that  the  predictions  as 
to  the  weather  due  to  the  meteorological  ofllce  and  published  in  the  dally  news- 
papers frequently  turn  out  incorrect  or  are  only  approximately  verified.  This 
distinction  between  astronomy  and  meteorology  is  just  the  distinction  bet>veen 
the  precise  and  the  synoptic  sciences.  In  the  one  case  we  have  not  only  a 
rational  classification  of  facts,  but  we  have  been  able  to  conceive  a  brief 
foriuula,  the  law  of  gravitation,  which  accurately  resumes  these  facts.  We  have 
succeeded  in  constructing,  by  tlie  al<1  of  ideal  particles,  a  conceptual  mechanism 
which  describes  astronomical  changes.  In  the  other  case  we  may  or  may  not 
have  reached  a  perfect  classification  of  facts,  but  we  certainly  have  not  been 
able  to  formulate  our  perceptual  experience  in  a  meclianism,  or  conceptual  mo- 
tion, which  will  enable  us  to  precisely  predict  the  future. 

Prof.  Pearson,  tlierefore,  places  meteorology  as  a  whole  among  the  strictly 
descriptive  sciences.  This  opinion  is  open  to  serious  criticism.  Tlie  possibility 
or  impossibility  of  accurately  predicting  a  future  event  seems  to  be  a  very  sholiow 
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distinction  to  make  between  the  exact  and  the  descriptive  sciences.  Under  this 
criterion  It  might  justly  be  claimed  that  astronomy  is  not  an  exact  science, 
because  astronomers  failed  to  Indicate  precisely  what  phenomena  would  be 
observed  on  the  passage  of  the  earth  through  the  tall  of  Hal  ley's  comet  in 
May,  1910;  or  that  physics  was  not  an  exact  science  before  Van  der  W*aals*s 
mmlification  of  Boyle's  law  became  known.  On  the  other  hand,  meteorology 
might  be  claimed  as  an  exact  science  because  the  United  States  Weather 
Bureau  so  successfully  predicted  the  movements  of  the  severe  subtropical  hurri- 
canes that  struck  Galveston  in  August  and  New  Orleans  in  September,  1915. 
It  is  to  be  observed  that  in  the  actual  process  of  forecasting  the  weathei 
mathematical  computation  can  have  no  place;  the  meteorologist  must  always 
depend  on  Information  obtained  by  telegraph  from  which  a  synoptic  chart  or 
weather  map  Is  constructed,  and,  when  one  considers,  for  example,  the  extremely 
local  nature  of  many  summer  thunderstorms  which  often  cause  precipitation 
over  only  a  small  portion  of  a  given  area,  and  the  probable  impossibility  of 
ever  predicting  exactly  upon  what  spot  of  earth  a  shower  may  fall,  It  will 
appear  that  Prof.  Pearson's  criterion  would  forever  exclude  meteorology  from 
the  rank  of  an  exact  science. 

From  the  very  nature  of  things  no  science  can  be  absolutely  accurate. 
Meteorological  phenomena  are  dependent  on  the  law  of  gravitation  precisely 
as  are  astronomical  ones,  since  all  motion  In  the  atmosphere  Is  caused  by 
terrestrial  gravitation.  Atmospheric  motions,  however,  are  rendered  Infinitely 
complex  by  the  effects  of  solar  radiation  or  the  Influence  of  heat  on  the  very 
expansible  air  and  the  vapor  which  It  contains,  as  well  as  by  the  configuration 
and  rotation  of  the  earth,  and  the  problems  that  the  meteorologist  has*  to  solve 
are  among  the  most  diflScult  presented  to  us  by  nature.  Of  the  chief  Implements 
of  scientific  research — observation  or  measurement,  experiment,  and  compari- 
son— meteorology  still  has  only  the  resource  of  patient  observation.  The  field 
of  investlgoMon  Is  so  large,  the  Impossibility  of  controlling  the  operations  of 
nature  as  displayed  in  the  atmosphere  so  manifest,  that  laboratory  experi- 
ments which  are  such  a  wonderful  aid  In  physical  or  chemical  investigations 
are  practically  Impossible.  Nor  can  it  he  said  that  any  effective  comparison 
can  be  made  between  events  in  the  atmosphere  of  the  earth  and  that  of  other 
planets.  These  facts,  however  much  they  may  have  delayed,  have  certainly  not 
prendered  impossible  the  deduction  of  brief  mathematical  formulae  which  ac- 
curately resume  the  phenomena  of  atmospheric  motion.  A  consideration  of  the 
development  of  meteorology  during  the  past  50  years  must,  I  think,  lead  to  the 
conclusion  that  this  most  practical  branch  of  human  knowledge  has  already 
attained  the  rank  of  an  exact  science  and  that  its  position  in  the  lilerarchy  of 
sciences  must  now  be  changed. 

As  we  distinguish  between  dynamic  astronomy  which  discusses  the  laws  of 
planetary  motions  under  the  control  of  universal  gravitation,  and  descriptive 
astronomy  which  treats  of  nebular  hypotheses,  the  evolution  of  planetary  sj-s- 
tems;  or  between  chemistry  and  mineralogy,  the  one  "formulating  tlie  ab- 
stract laws  of  all  possible  combinations  of  heterogeneous  molecules,"  while  In 
the  other  only  combinations  which  are  found  realized  in  the  past  or  present 
constitution  of  the  terrestrial  globe  are  considered,  so  we  must  distinguish 
between  dynamic  meteorolgy  and  climatology.  Climatology  Is  the  strictly 
descriptive  and  subordinate  branch  of  the  subject,  which  is  concerned  with  the 
average  condition  of  the  atmosphere  at  various  places,  especially  with  reference 
to  organic  life.  It  Is  essentially  geographical  and  statistlcol.  Climatology 
without  doubt  occupies  a  place  among  the  concrete  physical  sciences  ••  not  re- 
duced to  ideal  motions,"  the  position  heretofore  assigned  to  meteorology  as  a 
whole 
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On  the  other  hand,  the  subject  matter  of  dynamic  meteorology,  the  most 
Important  branch  of  the  science,  includes  all  that  relates  to  temperature,  pres* 
sure,  and  movements  in  an  atmosphere  of  true  gas,  easily  compressible  and 
dliatable,  mixed  with  a  variable  quantity  of  vapor  which  is  readily  condensed 
to  the  liquid  or  solid  state  by  such  low  temperatures  as  naturally  occur  on  the 
earth's  surface;  in  other  words,  a  medium  in  which,  a  priori,  hydrodynamlc 
and  thermodynamic  laws  must  play  the  chief  rOle.  Dynamic  meteorology  prac- 
tically deals  witli,  at  most,  two  substanceii — air  In  motion  and  aqueous  vaiM>r 
undergoing  continual  change — and  the  problems  It  involves  require  the  applica- 
tion of  the  most  advanced  physics  and  the  most  difHcult  brandies  of  nuithe- 
matlcs.  Dynamic  meteorology,  therefore,  is  the  abstract-concrete  part  of  me- 
teorology in  which  "  the  synoinic  classification  has  already  largely  been  replaced 
by  those  brief  conceptual  rdsumto  that  we  term  mathematical  formula  or 
laws." 

Many  famous  men  have  devoted  their  time  to  the  elucidation  of  the  difllcult 
problems  of  dynamic  meteorology.  A  summary  of  tliese  \a\\s  in  the  form  of 
a  collection  of  the  most  Important  mathematical  formulm  now  generally  ac- 
cepted as  applicable  to  atmospheric  investigations  Is  not  practicable  liere,  but 
that  meteorology  in  this  sense  1ms  already  attained  tlie  rank  of  an  imleiiendent 
and  exact  science  a  glance  at  some  of  the  recent  memoirs  on  metoiirologlcnl 
subjects  will  abundantly  prove.  For  a  blrd*s-eye  view  of  the  development  of 
dynamic  meteorology  as  well  as  a  brief  summary  of  the  fundamental  equations 
employed,  reference  is  made  to  tlie  recent  article  by  Prof.  Cleveland  Abbe  In 
the  Encyclopedia  Britannlca. 

Tlie  mathematical  development  of  meteorology  may  be  said  to  have  proceeded 
along  two  main  highways— the  one  leading  to  the  theory  of  c>xlonic  motions 
involving  the  ideal  movement  of  particles  of  air  considered  as  an  Incompressible 
gas;  the  otlier  leading  to  the  discussion  of  the  thermodynamic  principles  in- 
volved in  the  condensation  of  moisture  into  clouds  and  rain  and»the  changes 
in  temperature  consequent  upon  the  expansion  and  contraction  of  air  as  a  com- 
pressible gas.  Finally  we  are  brought  to  the  most  complex  relations  as  actually 
found  existing  in  nature  in  which  hydrodynamlc  and  thermodynamic  laws  must 
be  combined. 

Prof.  William  Ferrel,  whose  fame  in  the  populnr  mind  rests  chiefly  on  Ids 
demonstration  of  the  deflective  force  of  the  earth's  rotation  on  winds,  pub- 
lished between  1853  and  1861  a  series  of  essays  on  tlie  motions  of  soliils  and 
fluids  relative  to  the  earth's  surface  In  which  observed  meteorological  condi- 
tions were  for  the  first  time  coordinated  with  the  fundamentiil  1a^^'s  of  mechan- 
ics. Passing  by  the  important  work  of  Guldberg  and  Mohn  (187G-1880)  and 
of  Oberbeck  (1882),  we  have  the  Improved  mathematical  analysis  introduced  by 
Dr.  F.  Pockels  In  1803,  in  which  equations  are  deduced  showing  the  continuous 
changes  of  temperature,  pressure,  and  winds  from  the  center  of  the  cyclone  to 
the  outer  edge  of  the  antlcjclone,  the  theoretical  results  agreeing  fairly  well 
with  the  observed  conditions.  Work  in  this  direction  has  been  brilliantly  car- 
rieil  on  by  Kitao,  Margules,  BJerknos,  and  Blgolow. 

The  first  step  In  the  application  of  thermmlynnmlcs  to  meteorology  was  taken 
by  Espy  in  1822,  with  the  discovery  of  the  cooling  of  ascending  air  currents 
due  to  the  work  done  by  expansion  against  atmospheric  pressure  and  the  conse- 
quent condensation  of  vapor  to  form  clouds  and  precipitation.  This  principle 
was  given  great  precision  by  Kelvin  In  1804,  and  was  Introduced  into  Gernmn 
meteorology  by  Hann  In  1874.  Here  belong  the  memoirs  by  Hertz  containing 
tlie  now  familiar  diagram  of  adiabatlcs  for  the  atmosphere,  which  have  been 
Improved  by  NeuhofT,  and  furnish  means  by  which  the  problems  In  the  forma- 
tion of  cloud,  rain,  snow,  and  hail  may  be  easily  solved.    Prof,  von  Bezold  has 
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simplified  the  problem  of  mixtures  of  air  and  vapor  by  an  ingeneous  graphical 
construction,  while  Brillonin  has  given  a  brilliant  analytical  study  of  cloud 
fommtions  resulting  from  tlie  pressure  of  one  air  current  against  another. 
Most  of  these  important  memoirs  will  be  found  in  the  collection  of  translations 
by  Abbe  under  the  title,  "  Mechanics  of  the  Earth's  Atmosphere,"  1801  and  1910. 

Finally,  among  the  most  profound  memoirs,  may  be  mentioned  the  thermo- 
dynamic  study  by  Margules,  Ueber  die  Energie  der  StQrme  (1005),  a  Trentlse^ 
on  Dynamic  Meteorology  and  Hydrology  by  BJerknes  and  SandstrOm  (1008)» 
and  the  recent  contribution  to  the  Encyklopsedie  der  mathematische  Wlssen^ 
iKrliaften,  Dynamic  Meteorology,  by  Exner  and  Trabert 

This  hasty  and  necessarily  very  incomplete  review  of  the  mathematical  llter-^ 
ature  of  meteorology  should  not  be  closed  without  reference  to  the  brilliant 
work  of  Prof.  Frank  H.  Bigelow,  forro^ ly  with  the  Weather  Bureau,  now  witli 
the  Argentine  Republic,  wliich  Prof.  Abbe  has  characterhsed  as  unquestionably 
sound.  Prof.  Bigelow  in  his  unique  treatise  on  the  hydrodynamics  and  thermo^ 
dynamics  of  terrestrial  meteorology  contained  in  the  Weather  Bureau  report 
on  International  cloud  observations,  in  his  recent  studies  continued  in  the  bulle* 
tins  of  the  Argentine  meteorological  service,  and  in  his  recent  text,  **  Circulatioa 
and  radiation  in  the  atmosphere  of  some  of  the  earth  and  of  the  sun,**  has 
certainly  nearly  attained  the  solution  of  the  most  dlfllcult  problems  of 
meteorology. 

Prof.  Karl  Pearson  has  very  correctly  remarked  that  **  in  the  interrelationship^ 
of  the  sciences  and  their  continual  growth  lies  the  tact  of  the  empirical  and 
tentative  character  of  all  schemes  of  classification."  Nevertheless,  it  is  inter- 
esting as  well  as  instructive  to  have  occasionally  presented  to  us  an  orderly 
arrangement  of  universal  know*ledge,  and  the  following  scheme  of  classification 
of  the  sciences  is  in  general  based  on  Prof.  Pearson's  tables. 

THE  CJJkSSmCATIOlf  OF  THE  SCIENCES. 

(A)  Abstract  sciences,  dealing  with  relations  or  modes  of  discrimination  that 

are  qualitative  and  quantitative: 

1.  Logic. 

2.  Matliematics. 

(B)  Abstract-concrete  sciences— Inorganic  phenomena  reduced  to  ideal  motions 

and  dealing  w*ith  properties  that  are  manifest — 
In  the  movements  of  masses — 
8.  Mechanics. 
4.  Dynamic  astronomy. 

6.  Dynamic  meteorology. 

In  the  movements  of  molecules  and  in  the  aggregation  of  molecules  that  are 
homogeneous — 
a  Physics. 
In  the  aggregation  of  molecules  that  are  heterogeneous — 

7.  Chemistry. 

(G)  Concrete  sciences.  Inorganic,  not  reduced  to  ideal  motions  and  dealing  with 
aggregates  as  exemplified — 
In  celestial  bodies — 

8.  Astronomy. 
In  the  earth — 

9.  Geology. 

10.  Climatology. 

11.  Bllneralogy. 

12.  Physiography,  etc 

(D)  Concrete  sciences,  organic  phenomena : 
Dealing  with  aggregates  as  exemplified — 
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In  living  organisms — 

13.  Biology  of  plants  and  animals. 

14.  Botany. 

15.  Zoology. 

Relating  to  functions  ond  actions^ 
10.  Psydiology. 

17.  Sociology. 

18.  Psycliics. 

19.  Pliysiology. 
Growth  and  reprodoctlon^ 

20.  Embryology,  etc 
Form  and  structure — 

21.  Morphology,  anotomy.  etc; 
Dealing  with  historical  pbasea— > 

Evolution. 

Social  institutions. 

22.  Archieology,  folklore^  etc 
Mental  faculties. 

23.  Histories  of  phllosc9b7f  acieiiceB,  literature;  art,  etc 
Physique. 

24.  Anthropology. 
General. 

25.  Evolution. 
Dealing  with  space  relations 

Geographical  distributioo. 

20.  Cliorology. 
Habits. 

27.  Ecology. 


(1)  The  Grammar  of  Sciences.    By  Prof.  Karl  Pearson,  second  edition,  1000. 

(2)  Outlines  of  Cosmic  Philosophy.  By  John  Fiske.  1874.  Volume  I,  Chap- 
ter VIII :  Organization  of  the  Sciences. 

(3)  Recent  Discussions  in  Science^  Philosophy,  and  Morals.  By  Herbert 
Spencer.  1872.  Chapter  III,  The  Classification  of  the  Sciences;  and  especially 
Chapter  VII,  The  Genesis  of  Science. 

(4)  The  Progress  of  Science,  as  Illustrated  by  the  Development  of  Meteor- 
ology.  By  Prof.  Cleveland  Abbe.    1900. 

(5)  Comte,  A.  A  System  of  Positive  Philosophy.  1854.  Translated  by  Con- 
greve.   Volume  IV,  chapter  IIL 

(0)  Bacon,  F.  The  Works  of  Francis  Bacon.  Translated  by  Spedding  and 
Ellis.   Volumes  IV  and  V. 

Subsection  B  of  Section  II  adjourned  to  meet  Thursday  morning, 
December  80, 1915. 
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SESSION  OF  SUBSECTION  B  OF  SECTION  II. 

Carnegie  Institution, 
Thursday  morning^  December  SO,  1915. 
Chairman,  Charles  F.  Marvin. 
The  meeting  was  called  to  order  at  9.30  oVlock  by  the  chairman. 
The  CHAiRiiAN.  The  first  paper  on  the  pi*ogram  this  morning 
irill  be^n  "  The  Climate  of  Salt  Lake  City,"  by  A.  H.  Thiessen,  of  the 
United  States  Weather  Bureau,  Salt  Lake  City. 

THE  WEATHER  AND  CLIMATE  OF  SALT  LAKE  CJTY,  UTAH. 

By  ALFRED  H.  THIESSEN, 
Meteoroloffist,  United  States  Weatlier  Bureau^  Portland,  Orcg, 

In  the  eastern  portion  of  the  Great  Basin  lies  Utah  and  Qrcnt  Salt  I^ikes, 
the  former  being  a  fresh  body  of  water  and  the  latter,  as  Its  name  indicates, 
salt  Tlie  Jordan  River  is  the  outlet  of  Utah  Lalse,  flowing  in  a  due  north 
direction  to  Great  Salt  Lalce,  which  has  no  outlet  In  tlie  nortliem  part  of 
the  Jordan  River  Valley,  more  commonly  known  as  the  Salt  I-4ike  Valley,  is 
located  Salt  Lake  City,  Utah.  This  valley  is  28  miles  long  and  15  miles  wide. 
The  Wasatch  Mountains  form  the  eastern  rim  of  the  valley  and  rise  to  ele- 
vations varying  from  8,000  to  10,000  feet  These  mountains  curve  westward 
to  the  lake,  and  in  this  curve,  sloping  to  the  west  and  south,  lies  Salt  I^ke 
City.  The  Oquirrh  Mountains  lie  to  the  west  but  do  not  extend  so  far  north 
as  the  Wasatch,  and  tlius  the  view  to  the  west  and  to  tlie  lake  is  unobstructetL 
The  western  and  lower  part  of  the  city  lies  in  the  flat  while  its  nortliem  and 
eastern  portions  cover  the  benches,  which  are  the  old  beaches  of  I^ke  Bonne* 
ville,  and  ore  about  200  feet  above  the  lower  portion.  In  flgure  1  the  lines  com- 
posed of  short  and  long  dashes  are  divides,  and  indicate  the  limits  of  the 
Jordan  River*  watershed.  Tlie  numerous  creeks  flowing  west%>-nrd  from  the 
Wasatch  Mountains  comprise  the  water  supply  to  the  city.  The  mountains 
to  the  north  and  east  extend  nearly  to  the  city  limits,  while  to  the  west  the  land 
is  level  to  the  lake,  12  miles  a>vay,  and  to  the  south  as  far  as  the  Narro>vs,  15 
miles  away. 

Salt  Lake  City  is  situated  on  about  the  same  parallel  as  Cheyenne,  Wyo.; 
Omaha,  Nebr.;  Peoria,  III.;  Pittsburgh,  Pa.;  and  New  York,  in  this  country, 
and  Barcelona,  Spain;  Rome,  Italy;  and  Constantinople,  Turkey,  in  Europa 
It  varies  in  elevation  from  4,200  to  4,500  feet 

The  climates  of  the  world  are  classified  as  continental,  marine,  and  mountain. 
Salt  Lake  City,  from  its  position  inland  and  elevation,  lias  characteristics  of 
the  continental  and  mountain  types. 

The  Weather  Bureau  record  at  Salt  Lake  City  dates  back  to  1875.  Reconls 
were  made  by  private  persons  previous  to  that  date,  but  doubt  exists  as  to  their 
accuracy. 

In  the  following  will  be  given  not  merely  averages,  but  emphasis  will  be 
placed  on  extremes  and  variations  from  the  normal,  so  that  one  may  gain  an 
adequate  idea  of  the  weather  conditions  likely  to  be  experienced  by  a  residence 
in  the  city  throughout  the  year: 

Tlie  mean  annual  temperature  is  51.7*,  the  average  having  varied  from  48.5* 
to  54.3*.  The  graphical  representation  of  this  climatic  factor  is  shown  In 
figure  2,  curve  C.  The  highest  temperattire  ever  reconled  was  102*  in  July, 
1880,  and  the  lowest  was  -20*  in  January,  1883.    In  figure  2  are  also  shown 
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cnrres  giving  the  highest  and  lowest  for  ench  year  and  the  yearly  average  of 
the  dally  highest  and  lowest  It  is  seen  that  the  average  higliest  and  lowest 
temperatures  do  not  vary  much  from  their  means,  wliereas  tliere  may  be  con- 
siderable variation  from  year  to  year  of  the  extreme  highest  and  extreme 


\o  •jnsft— . 


FlO.  1. 

lowest  In  the  period  1875-1014  the  maximum  temperatures  varied  from  93* 
to  102',  making  a  range  of  0*;  the  minimum  temperatures  varied  from  10* 
to  — 20',  nuking  a  range  of  SO*.  During  the  41  years'  record  there  were  only 
5  years  when  the  maximum  temperatures  rose  above  100*  and  only  14  when 
tlie  minimum  fell  below  0*. 

The  warmest  year  was  1010,  when  the  average  temperature  was  54^*,  or 
an  accumulated  departure  of  040*.    In  that  year  the  average  temperatures 
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of  all  months  were  above  normal  except  January  and  February.  In  spite  of 
the  persistently  hot  weather  the  highest  temperature  for  the  year  was  only  m*. 
The  coldest  year  was  1880,  the  temperature  averaging  48.5*,  or  an  accumu- 
lated deficiency  of  1468'*.  The  average  of  all  months  except  the  last  was 
below  normal ;  and  In  this  case  the  extreme  lowest  was  moderate,  being  only  2*. 


Fio.  2.— Curve  A  Indicates  the  highest  temperatare  eiM^h  ytar  for  period  1875-1916;  B,  average  of  daOy 
maximam  temperatures  for  each  year;  C,  average  annual  temperature;  D,  average  of  daUy  mini- 
mum temperature  for  each  year;  and  E,  the  lowest  temperature  each  year.  The  broken  lines 
at  A,  B,  and  C  indicate  averages  for  the  period. 

The  average  temperature  for  the  seasons  are  as  follows:  Winter,  81.6*; 
qiring,  40.7' ;  summer,  72.3' ;  and  fall,  52^*. 

The  daily  march  of  temperature  through  the  year  is  shown  In  figure  8. 
These  curves  show  characteristics  similar  to  tliose  for  other  places,  and  ex- 
hibit graphically  the  greater  range  between  the  highest  and  lowest  during  the 
summer  and  tlie  lesser  tluring  the  winter. 
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Fio.  S.— Daily  mareb  at  temperature;  A,  average  dally  maximum  temperature;  B»  daUy  i 
perature;  C,  average  daily  minimum  temperature. 


Item* 


Table  1. — Monthly  and  annual 

mean  temperature. 

Tetf 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

An. 
nuat 

1875 

80 
80 
27 
80 
28 
28 
31 
24 
94 
28 
28 
20 
33 
23 
21 
25 
20 
20 
28 
20 
30 
34 
20 
tl 
34 
30 
34 
28 
32 
26 
33 
28 
31 
81 
«8 
20 
36 
34 
27 
35 

20.4 

84 
36 
34 
88 
40 
26 
38 
27 
94 
31 
37 
41 
34 
88 
SO 
34 
81 
34 
28 
26 
30 
37 
31 
36 
30 
34 
35 
30 
SO 
36 
34 
34 
4S 
36 

si 

32 
34 

33.4 

35 
87 
47 
47 
49 
34 
42 
37 
47 
41 
46 
38 
47 
40 
48 
40 
88 
43 
30 
41 
41 
40 
S4 
36 
41 
48 
40 
38 
42 
41 
44 
40 
44 
41 
41 
50 
44 
40 
38 
45 

4L6 

40 
50 
40 
40 
53 
47 
54 
47 
4% 
48 
54 
48 
40 
65 
55 
50 
50 
47 
46 
48 
51 
46 
40 
54 
51 
40 
50 
50 
48 
50 
52 
40 
51 
52 
46 
55 
48 
47 
51 
52 

40.0 

50 
57 
56 

56 
58 
54 
80 
67 
57 
58 
57 
62 
81 
50 
50 
61 
00 
55 
55 
61 
58 
61 
03 
54 
53 
61 
08 
50 
55 
57 
61 
56 
56 
52 
53 
60 
57 
56 
61 
62 

57.6 

68 
00 
05 
68 
06 
06 
71 
87 
70 
60 
65 
00 
60 
68 
70 
65 
62 
66 
67 
64 
64 
70 
66 
67 
65 
74 
65 
60 
70 
86 
68 
62 
•0 
61 
70 
71 
68 
00 

SI 

87.0 

74 
78 
77 
77 
77 
74 
78 
75 
76 
74 
78 
78 
75 
77 
78 
78 
73 
76 
75 
75 
73 
74 
7i 
76 
76 
75 
80 
72 
74 
74 
77 
76 
75 
76 
75 
78 
74 
74 
74 
75 

75.4 

75 
72 
78 
78 
75 
73 
74 
77 
77 
73 
74 
78 
73 
75 
77 
73 
74 
75 
73 
75 
75 
74 
75 
77 
70 
74 
78 
75 
77 
74 
78 
75 
71 
71 
76 
75 
75 
72 
76 
76 

74.6 

88 
86 
84 
61 
68 
64 
80 
05 
70 
50 
05 
03 
86 
71 
61 
65 
65 
70 
68 
61 
04 
04 
66 
66 
67 
03 
63 
64 
62 
66 
65 
64 
63 
63 
03 
88 
65 
68 
04 
04 

64.4 

68 
65 

62 
40 
62 
62 
61 
48 
4f 
63 
55 
52 
52 
64 
64 
40 
64 
62 
62 
53 
64 
64 
51 
48 
40 
53 
56 
55 
53 
53 
48 
53 
57 
48 
54 
54 
50 
50 
50 
56 

52L2 

42 
41 
41 
44 
36 
SO 
34 
36 
80 
42 
44 
81 
43 
42 
30 
41 
44 
42 
30 
40 
38 
37 
43 
87 
46 
45 
46 
41 
42 
44 
42 
30 
41 
40 
44 
47 
87 
43 
44 
43 

4ao 

80 
27 
32 
80 
20 
35 
34 
35 
82 
36 
34 
36 
20 
86 
40 
30 
20 
28 
80 
31 
28 
36 
27 
26 
20 
35 
83 
34 
30 
83 
26 
38 
35 
30 
94 
36 
38 
31 
31 
20 

3Le 

OS 

lR7fl 

69 

1877 

69 

1S78 

69 

187».... 

53 

IWO 

48 

1881 

69 

1882 

49 

1883 

1884 

6t 
6t 

1885 

69 

1888 

69 

1887 

63 

1888 

63 

1880 

68 

1800 

it 

1S»1 

61 

1892 

61 

1883 

60 

1884 

61 

1805 

60 

1800 

69 

1807 

60 

1808 

60 

1800 

61 

1000 

64 

1001 

88 

1002 

69 

lOOJ 

W 

lOlM 

68 

1005 

68 

1000 

61 

1007 

69 

1008 

60 

1000 

69 

1010 

M 

1011 

61 

1912 

61 

61 

1013 

1914 

68 

6L7 

Mftiil 

Hitfdeat  and  bwest  temperatures  la  bold-laoe  type. 
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Tablb  1.— JtfbnM/jf  and  anntud  mean  temperature — Continued. 


TSMPBftATUBB  BXTRSMS8. 


Temperature. 

Month. 

ICaxl. 
mum. 

Year. 

Date. 

Mini- 

Year. 

Date. 

Janmiy..... 

00 

«S 
77 
S4 
93 
101 
102 
101 
93 
88 
74 
61 

1011 
1«7» 
1870 
1880 
1887 
1000 
1880 

a^s 

1875 
1010 
1808 

U874 

81 
27 
30 
27 
81 
28 
80 
0 
6 
10 
0 
1 

-20 

-13 

0 

18 

25 

82 

43 

44 

82 

22 

-  2 

-10 

1«83 
1884 
1800 
1800 
1^ 
1014 
1002 
tl880 
*1000 
1878 
1890 
1870 

20 

February 

13 

Mwtsh!^:::::;:;:;;::::;:;;::;;:::;:;:;;;;::;; ; 

April M.'. ...".;.". .";.";.; 

MSy."""""  I  ;           I            I 

jiiii;::::;::;:::;:; ; : ; : ; ; ;     : 

July 

Auenst 

Poj&mber....;.:.:..;..:;:..;:;;;:;:;::::: ::: ;; 

24 

October 

20 

Noveinber 

20 

December. 

20 

t  Also  oatbe  11th,  1900. 


•  Abo  oa  the  31st,  1908. 


•  Alio  oo  the  27th,  1908. 


In  Table  1  is  given  tlie  avenige  temperature  for  each  montli  and  year  since 
1S75,  with  the  normals.  January  is,  as  a  rule,  the  coldest  month,  with  a 
mean  of  20.4*,  altliough  the  lowest  monthly  average  is  credited  to  February, 
1003,  when  the  temperature  averaged  20**,  which  is  13.4*  below  the  February 
normal  and  0.4*  below  the  January  normal.  The  normal  for  February  is 
83.4*,  or  normally  4*  wanner  than  January,  but  in  41  years  the  average  for 
February  was  nine  times  below  tlie  January  normal  and  seven  times  below  the 
January  average  for  the  same  years. 

December's  normal  is  81.0*,  or  only  2.5*  above  the  January  normal.  Since 
1875  there  were  11  years  when  the  December  average  was  below  the  January 
normal,  and  11  yeara  when  the  December  average  was  beiow  the  average  for 
the  succeeding  January. 

It  is  thus  seen  that  there  is  a  greater  chance  for  December  to  be  colder 
than  the  succeeding  January  or  its  normal  than  there  is  for  F^ruary  ta 
differ  from  January  in  the  same  way. 

The  hottest  month  is  July,  whose  normal  temperature  is  75.4*.  The  Ju\t 
mean  temperature  varied  from  71.0*  in  1807  to  80.2*  in  1001— a  range  of  8.3*. 
August  is,  on  the  average,  only  0.8*  cooler  than  July,  and  since  1875  there  were 
14  yeara  in  which  the  average  for  August  was  greater  than  the  July  normal,  but 
there  were  17  yeara  in  which  the  August  average  exceeded  the  average  for  the 
previous  July.  No  June  average*  has  ever  equaled  a  succeeding  July  average  or 
a  July  normaL 

The  month  with  the  greatest  plus  departure  was  January,  1000,  when  the 
average  for  that  month  was  38.2*,  or  0.4*  above  normal.  The  highest  tempera- 
ture in  that  month  was  only  50*,  which  is  4*  below  the  highest  January  tem- 
perature on  record.  February,  1003,  was  the  coldest  month  on  record,  taken 
as  a  whole ;  its  average  was  20*,  which  represents .  the  greatest  monthly 
deficiency,  13.4*.  The  lowest  that  month  was  only  —4*,  which  is  0*  above 
the  lowest  February  and  16*  hi^^ier  than  tlie  lowest  January  temperature. 
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FIgare  4  presents  some  interesting  facts  regarding  temperature  characteris- 
tic of  the  various  months.  The  liighest  and  lowest  temperatures  ever.reconled 
in  the  several  montlis  of  the  year  are  shown  by  curves  A  and  B.  Curve  O 
shows  the  extreme  monthly  range  in  temperature,  while  curve  D  shows  tlie 
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Fio.  4.— Cnrvo  A,  Mctrame  highest  temperature  each  month,  1875-lOU;  B,  extreme  lowest  tempef»> 
ture  each  month,  1875-1914;  C,  extreme  range,  1875-1014;  D,  greatest  monthly  range;  E,  leait 
monthly  range;  F,  greatest  dally  range;  O,  mean  dally  range. 

greatest  in  any  single  month  for  the  whole  period.  Gonsid^ng  the  period  as 
a  whole,  the  greatest  ranges  occurred  in  winter  and  tlie  least  in  summer;  hut 
when  daily  ranges  are  considered  then  the  greatest  are  in  summer  and  the 
least  in  winter. 
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No  adequate  idea  of  the  temperature  changes  in  a  place  may  be  conceived 
imlesB  a  study  is  made  of  temperature  changes  of  months  differing  widely  in 
character.  In  figure  5  curves  are  shown  that  give  the  daily  mean  temperature 
for  the  coldest  and  warmest  January  on  record,  and  like  plats  are  given  for 
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Fio.  6.— Showing  the  oontrart  betwMo  the  waramt  and  ooldest  numths   nring  the  period  1875- 
1914,  the  upper  line  repreoenting  the  wannest  month  and  the  lower  the  ooldest  month.   The  , 

broken  line  ahows  the  normal  dally  temperature. 

i 

the  succeeding  months  of  the  year.  A  caifieful  consideration  of  these  curv^, 
together  with  those  giving  traces  for  selected  characteristic  days,  win  aid  pfte 
to  a  true  conception  of  the  temperature  conditions  likely  to  be  experienced  |n 
Salt  Lake  City.  "" 
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The  average  date  of  the  beginning  of  the  growing  season  is  March  15  and 
the  end  is  November  5.  The  latest  spring  frost  on  record  is  June  18,  188S, 
and  the  earliest  fall  frost  was  in  the  same  year,  on  September  22,  there  being 
only  96  days  to  the  growing  season.  The  average  date  of  last  killing  frost  in 
spring,  however,  is  April  21,  and  the  earliest  in  fall  is  October  19,  making  an 
average  of  about  182  days  to  the  frostless  season. 


Fio.  6.— Thennoisopleths  for  Salt  Lake  City,  Utah,  for  the  period  1875-1914.    (*F.;  106th 

meridian  time.) 

Figure  6  shows  tlie  thermoisopleths  for  the  city,  for  the  period  1875-1914, 
In  Fahrenheit  degrees.  The  time  used  was  one  hundred  and  fifth  meridian. 
The  temperatures  for  a  normal  day  in  any  part  of  the  year  are  easily  discerned 
from  this  figure.  While  this  is  a  considerable  aid  in  obtaining  an  idea  of  the 
variation  in  temperature  throughout  the  days  of  the  year,  it  is  by  no  means 
sufiicent    One  must  know  how  temperatures  vary  in  abnormal  or  representa- 


Fto.  6a. 


Fio.  66. 
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tlye  days  as  welL  A  study  of  the  curves  shown  In  figures  6a  to  6e,  together 
with  those  in  figure  5,  will  give  a  good  conception  of  the  temperature  conditions 
in  Salt  Lake  City. 
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In  figure  6a  thermograph  traces  are  shown  for  relatively  cool  and  cloudy  July 
days,  while  figure  6b  shows  traces  for  warm  and  comparatively  clear  July  days. 
On  nearly  all  clear  summer  days  the  thermograph  pen  lingers  for  three  to  five 
hours  near  the  maximum  temperature  as  exhibited  in  figure  6b. 

Figure  6e  is  a  thermograph  trace  for  an  average  January  day;  figure  6d  Is 
a  cloudy  winter  day ;  while  figure  6c  shows  traces  for  2  relatively  cold  winter 
days. 

Table  2. 


stations. 

Jan. 

Feb. 

Mar. 

h- 

May. 

Juno. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

•1 

A.  Highest  tempeTO' 
ture  1874-11)15... 

60 

68 

77 

1 
85 

93 

101 

102 

101 

93 

88 

74 

61 

ioi 

B.  Lowest  tempera- 
ture 1874-1916... 

1 

-20 

-13 

0 

18 

25 

32 

43 

44 

29 

22 

-2 

—  10 

—  20 

C.  Extreme     range 

1874-1915 

80 

81 

77 

67 

68 

69 

59 

57 

64 

66 

76 

71 

—122 

D.  Greatest 

range  in 

temp.. 

70 

66 

64 

60 

62 

63  !      53  '      55 

61 

58 

67 

62 

a    sbQgle 

year... 

1883 

1884 

1890  1  1876 

1887  1  1898 

1891 

1892 

1806 

1906 

1896 

1879 

mcnth.. 

1902 

£.  L  e  a  s  t 

range  in 

temp.. 

34 

29 

34 

34 

44 

37 

36 

37 

42 

37 

36 

31 

a    single 

year... 

1891 

1885 

1884 

1914 

1890 

1903 

1906 

1913 

1892 

1882 

1889 

1908 

month.. 

1914 

1908 

1899 

P.  Greatest  daily 

range 

29 

31 

36 

40 

39 

43 

41 

44 

46 

39 

36 

33 

G.  Mean  daily  range. 
Greatest  mean  daily 

15.0 

15.0 

18.1 

20.3 

2L8 

24.1 

25.1 

24.3 

23.9 

20.0 

17.7 

14.3 

20.2 

variaWlity 

6.0 

6.0 

6.1 

6.6 

7.1 

6.1 

4.8 

4.2 

6.6 

6.6 

6.9 

6.3 

Least    mean    daily 

variabiUty 

2.7, 

2.4 

2.6 

3.7 

3.3 

2.5 

2.0 

2.0 

2.9 

2.1 

2.0 

2.6 

ability 

4-1 

4.1 

4.3 

6.2 

4.8 

4.6 

3.3 

2.9 

4.1 

3.8 

4.0 

3.8 

4.1 
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Tablb  4. — Number  of  days  loith  mamimum  temperature  9Z  degrees  or  belou),  and 
90  degrees  or  above;  also  u)ith  miMmum  temperature  S2  degrees  or  beiow,  amd 
zero  or  below. 


Maiimam. 

Mlnimiini. 

Year. 

82*  or 
bekyw. 

00*  or 
above. 

82*  or 
below. 

Zero  or 
belofv. 

1874 *. 

1875 

8 
17 
10 
15 
35 
33 
13 
40 
38 

S 

10 
16 
10 
31 
21 
18 
10 
21 
30 
26 

8 
20 
35 
19 

7 
10 
24 
28 
20 
25 
34 
11 
18 
37 
31 
80 
15 
39 
10 

33 
10 
37 
S7 
34 
13 
33 
34 
34 
16 
35 
36 
33 
33 
45 
33 
26 
33 
20 
24 
26 
22 
20 
40 
21 
28 
35 
32 
30 
15 
32 
21 
12 
20 
24 
37 
16 
16 
12 
28 

U4 
111 
03 
88 
80 
130 
101 
117 
103 
87 
00 
114 
107 
06 
87 
116 
113 
105 
120 
108 
130 
115 
131 
134 
108 
70 
100 
07 
120 
115 
102 
107 
85 
130 
102 
85 
106 
110 
115 
01 

1876 

1877 

1878 

1870 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1880 

1890 

1801 

1803 

1808 

1804 

1896 

1806 r 

1897 

1808 

1890 

igOO 

1901 

1902 

1003 

1004 

1906 

1906 

1907 

1908 

1900 

1010 

1011 : 

1012 

1013 

1014 
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Tear. 

Lutlii 

First,  m 

wnmm, 

Dombfr 
ol4»ji. 

1«74<<-,- --. .-„, 

Ort.  30 

Not,    5 
Ort.  31 
Ort,  28 
Oct.   10 
Oct.   1ft 
Ort.   10 

Ort.  IS 

Nov.    « 
Nov,    6 
Nov.    3 
Ort.   13 
Ort.   12 
Ort.    IB 
Ort.  22 
Ort.  ^ 
Ort.     4 
Ort.     3 
Ort.  13 
Sept.  23 
Sept.  29 
8ept.32 

Ort,   14 
Oct.     1 

Oct.   34 
Oct.     7 
Nov.    3 
Nov.    2 
OpI.  30 
Oct.   1* 
Oct.   10 
0*^t.   30 
Nov.    1 
Sept.  7? 
Oct.  31 
Oct.   2B 
Oct.   31 
8ept.25 
Oct     9 
Nov.  15 

iura ^ 

Apr,  10 
Apr.  13 
Apr.  23 
Apr.  14 
Apr    It 
Ifay   13 
Apr  13 
Apr.  24 
Apr.  10 
Mar.  22 
May   24 
Mar,  30 
Apr.  21 
Apr.    fi 
Apr  10 
Apr.     3 
Apr     0 
Apr.  2» 
May  2? 
Apr  13 

JUBfl   13 

May  Ifi 
Apr.  25 
May     4 
May     3 
Apr.  14 
Apr     4 
Apr.  10 
Apr  13 
Apr.    6 
Apr    1 
Apr    6 
Apr.  30 
Haj*  10 
May     I 
Apr.   IS 
Way  10 
May     3 
Apr  ^ 
Uar.  21 

900 

i^rt„,. „ , „_. „ „.._ 

301 

ISTT-* 

100 

Iffim , , 

ms 

UTO , 

193 

irm 

14g 

ISR] , 

136 

ima 

106 

isii , , , , ,_. 

2W 

US4 ; 

329 

1H5S., , - , 

141 

1880 «- 

1» 

U(S7 , , , 

1«0 

U8g , , ,,,, ,... 

Wt 

1M0-* 

103 

IBW.... ,,-..,,. .,.^.,.,., *„»,* ,.— ,. ,..,.... 

m 

W91.. 

ITT 

1M3 , , 

les 

UQS. 

110 

tmi 

100 

UBB , .„„,,>.,, ,.,_,„, ,.**.— 

SA 

UM - 

107 

}jm ,„.„ • 

m 

un - ..^ 

m .,. 

uo 

174 

noQ.^ , , .,,,.„ ,, 

m 

um ,. 

3U 

teoa ,... 

30a 

300 

UOi , 

IBS 

1905 , ,._-,>,..„-„ ,,.. 

IM 

IM 

1907 , , 

1S$ 

ffl:;;::;:::::::::::::::::::::::::::.:::::. :::<:::::::.:::.:::. :::.:.:::. 

IVIO..... — <., ,>............,., „,,.,,,. 

lao 

Ull ,„ 

104 

iflta , 

14ft 

1913 ,„_., ^..,._-,-. .*... 

lOO 

m4,., r 

2M 

itu „,_ „..,. , 
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In  Table  2  are  given  values  for  greatest,  least,  and  average  daily  variability. 
The  greatest  daily  variability  occur  in  April  and  May,  and  the  least  in  August. 
The  greatest  mean  daily  variability  for  any  month  is  7.1*  for  May ;  the  least 
is  2*  in  July,  August,  and  November. 


Fio.  7.— Sbowins  anmnl  wiieaiiti  of  prtetpitatta  for  porlod,  1875-1914. 

There  are,  on  the  average,  89  rainy  days  in  Salt  Lake  City.  The  Bormal 
annual  precipitation  is  16.24  inches.  Table  6  gives  the  monthly  and  annual 
amounts  for  each  year  from  1875  to  1014,  while  figure  7  shows  the  yearly 
amounts,  the  dotted  line  in  that  figure  being  the  normal,  and  figure  10  tlie 
normal  monthly  amounts. 


Table  6.- 

-Monthly  and  annuaUy  precipUation, 

Y6«r. 

Jtn. 

Feb. 

Mar. 

Apr. 

M*y. 

101 

4.30 

8.40 

160 

.10 

L86 

156 

.26 

.08 

L78 

140 

.08 

.78 

.34 

107 

.16 

.72 

L65 

L6« 

L22 

120 

8.67 

.06 

4.10 

150 

.44 

4.27 

.33 

3.55 

3.06 

174 

3.17 

187 

5.78 

134 

.47 

L84 

L75 

.57 

.80 

101 

Jane. 

July. 

Aug. 

Sept 

L22 
.42 
.00 
8.15 
.01 
.56 
.43 
.87 
.13 
LOl 
L20 
L88 
.55 
.61 
.52 
T. 
LIO 
.12 
L30 
187 
.05 
.52 
.48 
.15 
T. 
^L44 
.66 
.05 
.84 
.12 
107 
L40 
.10 
172 
L56 
.74 
L63 
.07 
.83 
.17 

.02 

Oct 

Nov. 

Doe. 

^ 

1875 

8.05 
L23 

.87 
1.07 
L87 

.20 
L34 
L50 
L47 

.71 
1.48 
1.01 
136 
L52 

.73 
3.07 

.74 
L61 

.82 
L31 
1.82 
1.26 
1.16 

.58 

.84 

.44 

.05 

.80 
8.U 
1.45 

.65 
LIO 
L75 

.63 
2.70 

.00 
1.24 

.74 

.81 
8.06 

1.84 

a70 
1.62 

.88 
3.40 

.71 
LOO 
2.44 

.42 

.72 
2.23 
1.50 
L36 
1.41 
L22 

.81 
2.05 

.76 

.68 
L64 

.83 

.85 

.60 
8.81 

.88 
2.08 
1.80 
1.77 
L17 

.82 
2.25 
L22 
LOO 
3.45 
L24 
LOO 
LOO 
L04 
L33 
L67 

.08 

L47 

2.81 
4.00 
2.03 
2L54 

.67 

.43 

.88 
L12 
L75 
3.60 

.64 
2.60 

.35 
2.18 
L64 
L12 
4.66 
2.21 
2L68 
L73 

.81 
LOO 
120 
L71 
2.83 

.88 
2.48 
L22 
L35 
3.00 
2.62 
2.84 
2.35 
L70 
2.85 
L58 
2.04 
3.48 
2.50 
L24 

2.07 

L50 
2.00 
2.14 
2.63 
3.26 
1.87 
187 
3.81 
102 
188 
3.47 
4.48 
L87 

.00 
L52 

.04 
L40 
LOO 
172 
L67 

.78 
153 
100 
L30 

.81 
101 

.87 
3.60 
Lll 
120 
L70 
3.06 
L46 
80 
LOO 

.66 
L65 
134 
LOS 
184 

106 

.80 
.35 

L34 
.01 
.28 

124 
.33 
.83 

167 

L02 
.87 
.08 
.01 
.82 

LOR 

L21 
.04 

L38 
.00 
.25 
.52 

.08 
.40 
.37 
.74 
.27 
.23 
L40 
L40 
L81 
.17 
.17 
.45 
.00 
8J7 
168 

.87 

LOl 
.83 
.02 

LOS 
.07 
.20 
.81 
.30 
.10 
.27 
.58 
T. 

L23 
.24 
.08 
.02 
.47 
T. 

LIO 
.82 
.42 

L51 
.60 
.18 
.42 
.82 
.31 
.56 
.14 
.50 
.62 
.» 
.10 
.25 
.76 
.62 
.02 

1.51 
.56 

L20 

.40 

a25 
.02 
.28 
.  .81 
.06 
.74 

L61 

L61 
.62 
.73 
.00 
.50 
.60 
.68 
.02 
.70 
.46 
.05 
.71 
.87 
.08 

L47 
.83 

L35 

.43 
.38 
.58 
«.S8 
L60 
L80 
L74 
.83 
.05 
.70 
.47 
.24 

.77 

LS6 

3.27 

141 

L30 

L62 

.40 

110 

188 

134 

.36 

.50 

LOS 

.30 

.80 

8.85 

L44 

L26 

L58 

L02 

LOl 

.84 

.70 

LOl 

L57 

185 

LOO 

.08 

.52 

.81 

L18 

.S4 

.30 

L16 

107 

L13 

164 

L66 

107 

L31 

161 

L51 

5.81 

.81 
LQ8 

.63 

.82 
L17 
L44 

.54 
L78 

.50 
3.10 
L70 

.25 
100 
L04 

T. 

.00 

.72 
L18 

.28 
144 
8.15 
LIO 
LOS 
L52 
L40 

.02 
L34 
121 

.80 

.73 
110 

.60 
LOl 
L46 

.00 
L48 
L70 
L81 

.87 

L84 

108 
L80 
Lll 

.11 
108 
L80 
L84 

.02 
L20 
113 

.02 
L37 
L56 
121 

*^ 

110 
135 
187 
L28 
.88 
.84 
L47 
L38 
.61 
.16 
L16 
LSI 
.51 
.08 
.83 
LOO 
121 
.48 
LOO 
L16 
L14 
.02 
L85 
.80 

L8r 

1S75 

2L38 

1877 

16i85 

1878 

1175 

1870 

nil 

1880 

laoft 

1881 

16L88 

1882 

1&08 

1883 

14.31 

1884 

17.68 

1885 

10.60 

1886 

1180 

1887 

1L06 

1888 

18.88 

1888 

1146 

1800 

10  88 

1801 

15.  «> 

1802 

14.08 

1803 

17.86 

1804 

1&27 

1805 

1886 

ILOS 
1148 

1807 

16.74 

1808 

16.00 

1890 

17.87 

1000 

1L58 

1001 

16.08 

1002 

1L41 

1003 

1488 

1004 

16.31 

1006 

14.33 

1006 

31.33 

1007 

1122 

1008 

7188 

1000 

11 « 

1010 

1L38 

1011 

1118 

1012 

118 

1013 

18  68 

1014 

16.68 

Mmd 

16L8I 

Qrieteet  and  least  preeipitatkm  in  bold-faoe  type. 
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PndpitstknL 

Wind. 

lf«thl. 

34-hoiir 
mazi- 

mtim- 

Year. 

Date. 

Haxi- 

Diam 

velocity. 

Direo- 
Uon. 

Year. 

D.1^ 

Jsnotry 

a84 

L32 
L17 
L40 
L53 
ZOO 
LU 
1.04 
L84 
LOS 
L20 
L38 

1914 
1881 
1874 
1883 
1908 
1885 
1912 
1808 
1880 
1911 
1875 
1888 

20 

4 

80 

6 

25-26 

5 

1^20 

29-30 

1-2 

^10 

18 

14-15 

00 
00 
00 
00 
50 
54 
50 
04 
44 
52 
00 
50 

n. 
n. 
nw. 

8W. 

w. 

nw. 

e. 

w. 

e. 

ne. 

nw. 

nw. 

1911 
1900 
1905 
11893 
1800 
1901 
1009 
1907 

iiseo 

1905 
1900 
1901 

u 

Febnary x . . .  x 

• 

tfVTk 

u 

April 

• 

1I&.::::;:::;;::::::::::::::::: 

2i 

Jmia. 

• 

July 

It 

Auinist 

I 

U 

O&ber ; 

n 

Novwnber 

u 

DeeemlMr 

M 

*AlM  frMB  tbi  north  on  the  2d,  1910. 


t  Abo  from  the  northwest  on  the  15th,  19M. 


Year  wh«n  leaat  »a.nthly  Mount  *»» 
r«eoxded.  0.00  Inoh  Hot, ,  1904. 
AXae  a  nonaal  y«ar,  15.91  inchaa. 


Monthly  Vraoipitatian. 

Vattaat  year,  1I70,  MMunt  23«<U  inohaa. 

Alao  yaair  alian  sraaiaat  monthly  meimt 
vaa  raoardadfCd&.Ol  inehaa  in  Votm/htr, 

^     i>4j^^4i-ji.>»i%»aJ#o^^aw. 


j|nlll...iiii 


di'>J.f§  Man  Uonthlr  Vraeipltation.  107 5-10 14. 


Monthly  Pviiaipitation. 

Driaat  year.  1890.  aMont  10.29  inOhaa. 
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The  wettest  year  was  1875,  when  28.04  inches  occorred.  The  monthly 
amounts  for  that  year  are  shown  in  figure  9.  November  of  that  year  is  noted 
as  the  wettest  month  on  record,  5.81  inches.  The  driest  year  was  1880,  graphi- 
cally presented  in  figure  11,  two  months,  September  and  November,  having  only 
traces.  Year  1904  was  a  normal  year  as  regards  total  amount,  but  November 
of  that  year  no  moisture  at  all  occurred  (see  figure  8). 

April  is  normally  the  wettest  month  (2.08  inches),  but  March  and  May  have 
nearly  as  much  precipitation.  The  wettest  month  on  record  is  November,  1875, 
alB  cited  above.  The  driest  month  normally  is  July — 0.49  inches.  All  the  sum- 
mer months  have  normals  less  than  1  inch. 

Table  7  gives  the  greatest  amount  of  precipitation  in  24  hours  for  every  month 
since  1875.  The  largest  24-hour  amount  was  2.72  inches  in  May,  1901.  No 
excessive  rainfall  ever  occurred  in  this  city.  The  heaviest  rain  in  one  hour  was 
0.91  inch  on  July  19, 1912 ;  the  second  largest  was  0.56  inch  on  September  1, 1900. 


Table  7. — Greatest  precipitation  in  24  houn. 

Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aag. 

Sept. 

Oct. 

Nov. 

D«3. 

Ahp 

1874 

L17 
.67 
.77 

a36 
.41 
.60 

0i79 
.70 
L35 

a27 
.39 
.09 

a58 
.84 
.35 

a69 
.11 
.55 

ai3 

.76 
.36 

a70 
.87 
.85 

a87 
L66 
.81 

a80 
.38 
.78 

L17 

1876 

'ail" 
.49 

"oTii" 

.47 

L56 

1876 

L35 

1877 

.27 

.20 

.87 

.70 

LIO 

.70 

.03 

.15 

.46 

.95 

.38 

.43 

LIO 

1878 

.36 

.78 

.95 

.75 

.45 

.28 

.46 

.33 

L89 

.94 

.35 

.03 

L39 

1879 

.43 

.27 

.41 

L18 

.06 

.66 

.07 

.06 

.01 

.48 

.13 

.63 

LIS 

1880 

.11 

.21 

.09 

.66 

.89 

.01 

.19 

.60 

.37 

.36 

.45 

.60 

.89 

1881 

.19 
.46 

L32 
.12 

.37 
.26 

.80 
L40 

1.17 
.13 

.13 
.82 

.13 
.10 

.63 

.45 

.81 
.33 

.83 
.74 

.43 
.33 

.43 

.38 

L33 

1882 

L40 

1888 

.42 

.37 

.86 

.75 

.77 

.29 

.05 

.35 

.11 

.60 

.62 

.61 

.86 

1884 

.36 
.45 

.82 
.36 

L13 
.49 

.45 
1.01 

.55 
L03 

.13 
3L00 

.16 
.68 

.80 
.30 

.80 
.63 

.18 
.51 

.45 
.96 

.80 
.32 

L13 

1885 

3L00 

1886 

.87 
.51 

.87 
.46 

.86 
.13 

L33 
.61 

.06 
.33 

.90 
.33 

T. 
.76 

.31 
.34 

L84 

.38 

LOl 
.30 

.73 
.35 

.47 
.58 

L84 

1887 

.76 

1888 

.62 

.38 

.61 

.62 

.09 

.51 

.11 

.32 

.45 

.33 

.93 

L38 

L38 

188a 

.26 

.51 

.60 

.40 

L16 

.01 

.04 

.54 

.36 

.98 

.38 

.82 

L16 

1890 

.60 

.60 

.42 

.49 

.08 

.30 

.03 

.58 

T. 

.58 

T. 

.22 

.60 

1891 

.37 

.28 

.84 

.44 

.36 

.83 

.84 

.16 

.63 

.64 

.48 

.42 

.84 

1892 

.45 

.21 

.60 

.46 

.34 

.43 

T. 

.03 

.05 

.44 

.68 

.70 

.70 

1893 

.48 

.37 

.73 

.82 

.80 

.04 

.77 

.34 

.80 

.37 

.62 

.87 

.87 

1894 

.38 

.20 

.74 

.58 

.90 

.86 

.60 

.35 

L04 

.45 

.28 

.43 

L04 

189S 

.29 

.34 

.82 

.44 

.94 

.70 

.19 

.02 

.75 

.19 

.64 

.19 

.94 

1896 

.34 

.34 

.34 

1.06 

1.35 

.33 

.58 

.65 

.35 

.33 

LOS 

.29 

L35 

1897 

.32 

1.01 

.65 

.99 

.48 

.38 

.69 

.33 

.34 

.68 

.40 

.68 

LOl 

1898 

.17 

.39 

.45 

.71 

.89 

.90 

.12 

L04 

.13 

.74 

.66 

.60 

L94 

1809 

.48 

.81 

.51 

.48 

.73 

.68 

.37 

.89 

T. 

.83 

.64 

.34 

.89 

1900 

.19 

.29 

.32 

.88 

.36 

.07 

.36 

.63 

L37 

.83 

.68 

.16 

L37 

1901 

.46 

.86 

.80 

.40 

2.73 

.49 

.37 

.51 

.66 

.43 

.49 

.36 

3L73 

1902 

.30 

.54 

.40 

Lll 

.14 

.34 

.45 

.13 

.08 

.18 

.60 

.79 

LU 

1908 

.58 

.62 

.50 

.60 

L46 

.63 

.14 

.33 

.48 

.61. 

.98 

.33 

L46 

1904 

.55 
.17 

.76 
.67 

.93 
.83 

1.14 
.54 

LOO 
L43 

.33 
.16 

.33 
.61 

.10 
.33 

.09 
L49 

.73 
.14 

".'io' 

.33 
.18 

L14 

1905 

L49 

1906 

.64 

.60 

.75 

.90 

LOl 

.87 

.11 

.73 

.77 

.31 

.54 

.37 

LOl 

1907 

.36 

.92 

.99 

.49 

L58 

.38 

.15 

.65 

.07 

.53 

.33 

.78 

L68 

1908 

.22 
.53 

.65 
.76 

.82 

.76 

.48 
.41 

L53 
.79 

.66 
.13 

.33 
.41 

.50 
.76 

L70 
.43 

.84 
.60 

L30 
.53 

.84 

.69 

L70 

1909 

.79 

1910 

.24 

.21 

.71 

.57 

.16 

.16 

.30 

.18 

.48 

L14 

.78 

.30 

L14 

1911 

.66 

.66 

.78 

.71 

.81 

.14 

.03 

.04 

Lll 

LOS 

.63 

.39 

Lll 

1912 

.22 

.59 

.80 

.63 

LOO 

.54 

Lll 

.38 

.44 

.73 

.43 

.30 

Lll 

1918 

.29 

.60 

.77 

L20 

.47 

.88 

.17 

.21 

.35 

.64 

.33 

.63 

L90 

1914 

.84 

.37 

.74 

.91 

.35 

.81 

.44 

.22 

.09 

.96 

.33 

.18 

.96 

The  average  yearly  snowfall  is  50.6  inches,  most  of  which  occurs  from  Decem- 
ber to  March,  inclusive.  The  largest  yearly  amount  was  79.8  inches  in  1918, 
the  least  was  26.4  inches  in  1914.  The  largest  monthly  amount  was  80.8  inches 
in  January,  1890. 

There  have  been  many  severe  droughts  recorded  in  this  city.  Since  1875  there 
were  60  periods  of  30  days  or  more  when  0.10  inch  or  less  of  precipitation 
occurred.  The  longest  period  was  83  days»  from  July  1  to  September  21,  1911, 
during  which  time  only  0.08  inch  of  moisture  fell.  In  1900  there  were  four  such 
periods— from  March  6  to  April  5,  81  days,  0.08  inch;  May  7  to  June  8,  83  days, 
0.10  inch ;  May  18  to  July  2,  51  days,  0.06  inch ;  and  July  4  to  August  8»  81 
days,  0.06  inch. 
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Tablb9. 

—DrtmghtM,  Salt  Lake  City,  Utah,  60  dayt  or  mare  with  OSS  tnM  or 

leu. 

Ymi. 

From— 

To- 

No. 
days. 

Amt. 

From— 

To- 

No. 
days. 

Amt. 

TotaL 

^ST 

1877 

June    8 
June  14 
May  27 
June  15 
June  14 
Hay  18 
June    4 
June  16 
July  12 
Aug.    5 
July     6 
June  17 
June  16 
June    8 

Aug.  17 
Oct.     4 
Aug.  16 
Aug.  29 
Aug.  17 
Aug.  14 
Aug.  10 
Sept.  30 
Sept.  17 
Oct.   10 
...do.... 
Aug.  19 
Sept.  21 
Aug.  31 

71 
113 
82 
75 
65 
89 
68 
107 
68 
67 
97 
64 
98 
91 

a  19 
.25 
.21 
.25 
.24 
.12 
.04 
.20 
.23 
.24 
.21 
.26 
.25 
.16 

16.  S5 
13.11 
10.94 
14.24 
18.89 
1&46 
ia33 
14.08 
11.95 
17.57 
11.41 
14.62 
15.13 

+o.n 

187f 

—2.92 

1880 

—5.16 

1888 

—1.79 

1886 

+2.86 

1889..  .  . 

+2.43 

1890 

Oct.   16 

Dec.l9 

66 

0.22 

—6.70 

1892 

—2.01 

180S 

—4.08 

1899 

+1.64 

1902..  . 

—4.02 

1903 

— L41 

1911 

—  .90 

1916 

Again,  defining  a  droughty  period  as  60  days  or  more  with  0.25  inch  or  leas 
of  precipitation,  we  find,  since  1875, 15  such  periods,  the  longest  being  113  days 
from  June  24  to  October  4,  when  just  0^  inch  was  recorded.  In  1890,  the 
driest  year  on  record,  there  were  two  such  periods — June  4  to  August  10,  68 
days,  0.04  inch ;  and  October  15  to  December  19,  66  days,  0.22  inch.  Of  those 
15  years  having  droughty  spells  we  find  that,  in  spite  of  the  droughts,  four  of 
them  had  total  yearly  amounts  above  normal 

Tablb  10. 


stations. 


Jan.  Feb.   Mar.   Apr.  May.  Jane.  July.  Aug.  Sept.   Oct.   Nor.   Deo. 


An- 


Average  percentage 
ofsunamne 

Averaee  hours  of 
sunsnine 

Average  numbsr  of 
dear  days 

Averace  number  of 
partly  oloudv  days 

Average  number  of 
cloudy  days 

Average  number  of 
rainy  days  (.01 
inch  or  over) 

Average  number  of 
rainy  days  (.04 
or  over) 

Average  number  of 
rainy  days  (.26 
inch  or  more) 

Average  number  of 
days  with  snow 
(.01  inch  or  more 
melted) 

Average  number  of 
days  with  fog 

Average  number  of 
days  with  hail 

Average  number  of 
days  with  thunder- 
storms  

Prevailing  wind  di- 
rection  

Average  hourly  ve- 
locity  

Maximnm  velocity 
of  wind  and  direo- 


Average  amount  of 
snowfall 

Oreatest  snowfUl  in 
24  hours,  inches 
and  tenths. 

•reatest  depth  of 
snow  ever  on 
ground 

Average  relative  tm- 
niidityatOa.m... 

Average  relative  ho- 
Bidityattp.  m... 


43 

112 

0 

0 

13 

10 

7 

2 

7 
1 
0 

0 
SB. 
0.6 

10.0 

6.0 

0.5 
76 
72 


47 

126 

7 

0 

12 

10 
7 
2 

8 

0 
0 

0 
8E. 
7.3 

60- 
N. 

10.2 

10.5 

ILO 
72 
64 


62 
121 
10 
10 
11 

10 


62 
212 
10 
11 
0 


8 
8 

7 
0 
0 

1 

SB. 
0.0 

60- 
NW. 

0.6 

0.5 

8.0 
66 
51 


8 

8 

3 
0 
0 

1 

NW. 
0.7 

00-N. 
60-W. 

2.4 

6.0 

2.0 
68 
30 


64 
236 
11 
12 
8 


6 
8 

1 
0 

1 

2 

NW. 
0.2 

5^ 

W. 

0.6 
4.1 
3.2 


75 

280 

16 

10 

4 


0 
0 

3 
SB. 
8.0 

f4- 

NW. 

T. 
T. 


S3 

286 
18 
10 
3 


2 
1 

0 
0 
0 

3 
SB. 
8.3 

60- 
B. 

0 

0 

0 
46 

26 


73 

261 

16 

11 

4 

6 

4 
1 

0 
0 
0 

4 

SB. 
8.0 

64- 
W. 


76 

232 

18 

8 

4 

4 
3 
1 

0 
0 
0 

\ 

SB. 
8.4 

44- 

B. 

T. 

0.2 

T. 
50 
32 


60 

107 

16 

8 

7 

7 

6 

2 

1 
0 
0 

1 

SB. 
7.4 

52- 

NB. 

0.0 

6.3 

4.0 
60 

47 


68 
142 

13 
8 
0 

7 

6 

.2 


0 
SB. 
6.0 

66- 

NW. 

6.0 

14.0 

16.2 
67 
60 


a 

104 

U 
10 

7 

2 

7 

i 

0 

0 
SB. 
6.1 

61 

NW. 

ia2 

6.0 

8.6 

77 

78 


62 

164 
116 
07 


37 
2 
1 

ir 

SB. 
8.0 

66- 

NW. 

50.6 

14.0 

16w2 
62 

47 
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In  Table  10  are  given  data  pertaining  to  many  miscellaneoDS  phenomena. 
A  study  of  this  table  discloees  tbe  fact  that  the  summer  months  have  the 
greatest  number  of  clear  days,  and  the  winter  months  the  lesser.  July,  on  the 
average,  has  twice  as  many  clear  days  as  December  or  January.  There  is  also 
much  more  sunshine  in  summer  than  In  winter ;  it  varies  from  48  per  cent,  or 
IM  hours,  in  December  to  83  per  cent,  or  298  hours,  In  July  (see  figure  12). 
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Fio.  13.— Line  A-B  Indlofttes  th«  time  of  fimrlee,  end  C-D  thet  of  ranset. 
indicate  the  peroentace  of  avenge  wmBhtne. 


Lines  E-F  and  G-H 


The  prevailing  wind  direction  is  from  the  southeast,  but  the  greater  veloci- 
ties occur  with  a  northwest  wind.  The  average  hourly  velocity  is  8  miles. 
April  has  the  greatest  hourly  velocity,  taking  the  month  as  a  whole,  and  De- 
cember the  least.  The  highest  maximum  velocity,  that  is  for  a  5-mlnute  period, 
is  66  miles  from  the  northwest  in  November. 

The  average  relative  humidity  at  6  a.  m.  is  62  per  cent,  and  at  6  p.  .m.  is 
47  per  cent  The  greatest  relative  humidities  are  recorded  in  January  and 
December,  but  very  rarely  is  100  per  cent  observed.  The  driest  month  is  July, 
and  frequently  amounts  from  5  per  cent  to  10  per  cent  are  measured. 

The  barometric  pressure  averages  25.64  inches.  The  monthly  means  vary 
from  25.46  to  25.85  inches.  The  greatest  monthly  ranges  occur  in  winter  and 
the  least  in  summer. 


Table  11. — Station  barometric 

pressure, 

1875-1911 

, 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct, 

Nov. 

Deo. 

An- 
nual. 

*Mll87W»U 

HichMt      montbly 

25.68 

25.72 

35.65 

1.26 

.61 

25.65 

26.75 

25.51 

1.17 

.71 

25.50 

25.68 

25.47 

1.10 

.60 

25.58 

25.60 

25.47 

1.08 

.50 

25.55 

25.62 

35.46 

.85 

.41 

25.57 

25.67 

35.51 

.78 

.30 

25.61 

25.72 
25.54 

35.63 

25.60 
25.55 

25.64 

25.60 

25.64 

.83 

.35 

25.68 

25.78 

26.61 

1.04 

.46 

25.60 

25.83 

35.60 

1.28 

.46 

25.72 

25.85 

35.68 

1.20 

.63 

25.64 
25.86 

SSSISS:?!::::::: 

:g 

.61 
.27 

1.20 
0.37 
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In  the  final  analysis  one  must  live  in  a  place  to  be  really  able  to  senise  the 
good  and  poor  qualities  of  its  climate.  In  Salt  Lake  City  the  sensible  tem- 
perature is  on  the  whole  pleasant  when  one  considers  the  effect  of  a  year's 
experience.  The  summer  temperatures  are  high  in  the  afternoons  as  a  rule, 
but  with  small  relative  humidities  are  quite  l)earable.  Sunstrolces  rarely,  If 
ever,  occur,  and  the  ranges  of  temperature  in  this  season,  as  the  figures  and 
tables  show,  indicate  agreeably  cool  nights.  Maximum  temperatures  of  90* 
or  over  occur  on  only  25  days  of  the  year.  The  fall  is  a  specially  ddifi^tfnl 
season,  with  generally  cool  nights  and  warm  days.  In  winter  the  temperatures 
are  seldom  excessively  low  for  long  periods.  There  are,  on  the  average,  only 
22  days  per  year  when  the  maximum  temperature  stays  below  82".  The  mini- 
mum temperatures  fall  below  82*  on  106  days  in  the  year,  and  below  zero  1  day. 
As  a  rule  the  afternoon  temperatures  are  above  the  freezing  point  There  are, 
of  course,  times  during  the  winter  when  snow  lies  on  the  ground,  but  these 
periods  are  seldom  long  enough  to  warrant  sleighing.  The  high  humidity  and 
relatively  high  frequency  of  smoke  and  fog  during  this  season  are  the  most 
disagreeable  climatic  factors.  Spring  weather  is  the  most  variable  of  any 
season,  and  the  last  date  of  killing  frost  may  occur  at  any  time  from  April  1 
to  May  15. 

Mr.  Fassio.  Mr.  Chairman,  just  one  word  in  referencce  to  the 
equability  of  the  climate  of  Salt  Lake  City.  I  had  supposed  all 
along  that  the  climate  there  was  more  of  the  continental  type.  It  is 
certainly  interesting  to  me  to  find  the  climate  which  Mr.  Thiessen 
describes. 

Mr.  Thiessen.  At  the  time  I  was  requested  to  present  the  paper,  I 
was  preparing  and  am  still  working  on  a  study  of  the  climate  of  Salt 
Lake  City.  The  secretary  of  this  subsection,  Mr.  Talman,  has  sug- 
gested that  I  might  add  that  to  the  paper  before  it  is  printed.  The 
equability  of  the  climate  of  Salt  Lake  City  to  which  Dr.  Fassig  re- 
fers is  due  in  great  measure  to  the  fact  that  Salt  Lake  City  does  not 
lie  in  the  path  of  the  storms,  although  the  average  path  of  tiie  storms, 
as  shown  by  the  Weather  Bureau  charts,  passes  directly  through  Salt 
Lake  City ;  but  as  a  matter  of  fact  very  few  of  the  storms  pass  di- 
rectly over  it.  Another  great  factor  is  its  sheltered  position  in  the 
mountains,  the  mountains  covering  two  sides,  the  north  and  the  east; 
and  the  climatic  condition  there  is  also  due  to  the  distribution  of 
barometric  pressure,  which  I  hope  to  bring  out  in  the  material  which 
I  am  preparing. 

Mr.  Wells.  I  should  like  to  ask  Mr.  Thiessen  a  question.  Perhaps 
he  stated  it  in  his  paper,  but  I  did  not  understand.  From  what  di- 
rection do  the  warmest  winds  come  at  Salt  Lake  City  ? 

Mr.  Thiessen.  From  the  southeast. 

Mr.  Wells.  Is  the  warmth  of  those  winds  due  to  the  fact  that  they 
are  southerly  winds,  or  is  there  a  dynamic  effect  of  the  winds! 

Mr.  Thiessen.  It  does  not  seem  to  be  a  dynamic  effect  Most 
of  the  people  at  Salt  Lake  City  believe  that  the  west  winds  from  the 
lake  are  the  warm  winds,  but  the  facts  contained  in  the  data  that  we 
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have  do  not  show  that.  The  southeast  winds  are  the  winds  that  are 
the  warmest. 

Mr.  Wells.  The  reason  I  speak  of  this  is  because  Boise,  where  I 
am  stationed,  has  a  climate  very  similar  to  that  of  Salt  Lake  City. 
We  are  somewhat  farther  north  and  at  a  lower  elevation.  The  aver- 
age mean  temperature  is  about  the  same.  We  attribute  the  mildness 
of  our  winters  quite  largely  to  the  effect  of  the  warm  winds  that 
come  from  the  mountains,  and  our  warmest  wind  is  the  northeast 
wind. 

The  Chairman.  The  authors  of  the  first  and  second  papers  on 
to-day's  program  have  not  yet  registered.  I  will  announce  that 
these  two  papers  will  be  considered  as  read  by  title  and  will  be 
printed  in  the  proceedings.  The  first  is  a  paper  on  "  The  frequency, 
amount,  and  characteristics  of  rainfall  and  hailstorms  at  Villa 
Colon,  Montevideo,  from  1884  to  1914,"  by  Senor  Don  Luis  Morandi, 
director  del  Instituto  Nacional  Fisico-Climatoldgico,  Montevideo, 
Uruguay.  The  second  paper  is  on  "  The  River  Plata,"  by  Senor  Don 
Hamlet  Bazzano,  director  del  Instituto  Meteorol6gico  Nacional, 
Montevideo,  Uruguay. 


FBENCUENCIA,  CANTIDAD  Y  MODALIDADES  DE  LA  LLUVIA  Y 
DEL  6RANIZ0  EN  VILLA  C0L6N  (MONTEVIDEO),  EN  EL 
PERlODO  1884-1914. 

Por  LUIS  MORANDI, 
Director  del  Instituto  Nacional  Fisico-Climatoldgieo  del  Uruguay. 

EL  OBSEBVATOBIO  DEL  COLEQIO  Pf O. 

Bl  Observatorio  Meteorol6gico,  anexo  al  Oolegio  Pfo  que  los  RB.  PP.  Salesia 
nos  fandaron  y  regentean  en  VlUa  Ool6n  (Montevideo)  desde  el  afio  1876,  fu^ 
proyectado  por  Monsefior  Luis  Lasagna  de  ilustre  memoria,  director  del  Oolegio 
durante  muchos  aiios,  de  acuerdo  con  el  notable  meteorologista  Italiano,  P. 
Francisco  Denza  e  inaugurado  en  1883. 

Se  haUa  instalado  en  una  alta  torre  de  tres  pisos,  que  desde  sus  veintitres 
metros  de  altura,  domina  los  ediflcios  del  Oolegio  y  las  arboledas  de  los  alrede- 
dores. 

Su  posici6n  geogr&fica,  determinada  por  Enrique  Legrand,  y  tal  como  figura 
en  los  Anuarios  del  Bureau  des  Logitudes,  es :  Latitud  34*  47'  54"  sur ;  Longitud 
0"  2'  87"  W.  Oatedral  de  Montevideo. 

Desde  la  fecha  mencionada  m&a  arriba,  en  condlciones  y  con  procedimientos 
uniformes  que  los  Anales  del  Observatorio  detaUan,  se  realizan  en  61  observa- 
dones  directas  de  los  prindpales  elementos  climatol6gicos  y  auto-gr&ficas  de 
algunos. 

De  entre  el  precioso  acopio  de  dates  atesorados  por  treinta  y  dos  afios  inin- 
termmpidos  de  observadones,  escogimos  los  relativos  a  la  lluvia  y  al  granizo 
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para  la  Memoria  que  destiiiaiiioa  al  Oongreso  Gientlfico  Panamerlcanob  Tite- 
donos  en  la  obligacidn  de  descartar  el  primer  alio  (1888)  por  dintintaa  raaouea 
que  DO  yiene  al  caao  mendonar. 

Bl  Pluvi6metro,  colocado  desde  un  principio  en  ia  parte  m&a  elerada  de  la 
torre,  a  nnos  dos  metros  sobre  la  aaotea,  completamente  libre  de  toda  inflnenda 
local,  tiene  un  di&metro  de  m.  0.71.  Forma  parte  del  Anemoget6grafo  Densa 
que  r^^istra  automdticamente — a  la  par  que  la  dlrecddn  y  la  vdoddad  del 
Tiento— la  intensidad  y  la  doraci6n  de  la  lluyia.  Bl  agna,  empero,  sianpre 
•e  ha  medido  directamente  apenas  cesada  la  llnvia  o  en  la  bora  inmedlata  de 
observad6n  reglamentaria,  ntilizando  las  indicaciones  del  anemogetdgrafo  para 
haeer  con  mayor  exactitud  sn  diatribud6n  interhoraria. 

FBOF68IT08  T  GBTTIBIO. 

Para  esta  Memoria  ne  preedndid  por  complete  de  trabajoe  y  pnbUcadoneB 
anteriores,  fondAndola  directamente  sobre  loe  reglatros  orlginales. 

En  cnanto  a  la  llnvia,  se  considerd  tanto  o  mAa  dtil  que  el  conodmiento  de 
lea  totales  mensuales  y  anuales  del  agua  calda,  un  eatudio  detallado  de  su  dia- 
tribuddn  por  cantidades  absolutaa  en  forma  tal  que  resulte  f&dl  el  darse  cuenta 
de  cdmo  se  invierte  el  copioso  caudal  pluviom^trico  anual ;  qu4  intenraloe  SQia- 
ran  laa  predpitaciones  de  derta  consideraddn ;  si  el  pais  ofreoe  o  no  4M>caa 
daramente  deflnidaa  de  pobresa  o  de  excesos  udom^ricos;  ai  son  o  no  fre- 
cuentes  los  perfodos  de  dfas  seguidos  con  lluvias  de  conslderaddn  o  sin  llnvia 
apredable;  cuAles  son  sua  grandes  coefldentes  o  reoords  en  distintaa  unidades 
de  tiempo,  siendo  de  sentir  que  la  manera  de  ser  Uevadaa  laa  obeenradones 
no  permita  hacerlo  para  las  breves  duradones  en  grandes  aguaceroa. 

Por  lo  que  atalie  al  granizo,  nos  ocupamos  en  primer  tannine  de  su  frecuenda 
anual  y  estadonaL  Nos  pared6  interesante  fljar  condusiones  num^rlcas  al 
respecto  para  poder  correladonar  este  t^nible  fen6meno  con  las  fasea  vegeta- 
tivas,  dando  una  base  menos  inderta  a  los  c&lculos  del  seguro.  Bn  cuanto  al 
tamafio,  la  tradiddn  del  Observatorio  debidamente  consnltada  y  el  espfritn  que 
fluye  de  la  redacd6n  de  los  apuntes  diaries,  muestran  a  todas  luces  que  si 
deben  considerar  como  cases  sin  importanda  por  todos  conceptos,  (tamafio, 
durad6n,  cantidad)  los  mendonados  sin  comentarios.  Bl  autor  de  estaa  notas 
quiso,  slu  embargo,  controlar  el  hecho  (sobre  todo  para  los  dltimos  qulnquenios) 
asegur&ndose  de  si  figuraban  como  importantes  en  los  Registros  del  Observa- 
torio algunas  granizadas  que  habfan  revestido  este  car&cter  y  de  las  que  habia 
tenido  conodmiento  de  haberse  produddo  en  Villa  Ck>16n  por  fuentes  ajenas  al 
Observatorio.    El  resultado  confirm6  d  criterio  mendonado  mAs  arriba. 

Para  fines  prActicos  y  tendencias  te6ricas,  se  considerd : 

L  La  circunstanda  de  presentarse  o  no  el  granizo  acompafiado  de  llnvia, 
por  ser  bien  sabido  y  muy  tenido  en  cuenta  en  las  estadfsticas  del  seguro,  que 
los  perjuidos  del  mismo  disminuyen  considerablementie  cuando  cae  mesdado 
con  predpitadones  abundantes. 

n.  La  de  estar  o  no  acompafiado  de  manifestadones  el^ctricas,  entendi^ndose 
con  derta  amplitud  de  tiempo  la  simultaneidad  de  los  dos  fondmenos. 

IIL  La  direcddn  del  viento  en  d  momento  de  la  cafda  del  graniao,  para 
ponernos  en  condiciones  de  sefialar  a  los  interesados  una  orlentaddn  oportuna 
en  dertos  cultivos  (sobre  todo  en  frutales  y  vifiedos)  para  una  defensa  m&B 
eflcaa  contra  los  efectos  dd  granizo. 

Los  comentarios  son  breves:  el  objeto  de  la  Memoria  es  mAs  bien  el  de 
suministrar  elementos  de  aplicaddn  merecedores,  en  nuestro  concepto,  de  toda 
confianza  y  dtiles  por  el  largo  perfodo  que  abarcan  (81  afios)  y  la  uniformidad 
de  procedimientos  empleados  en  la  observaddn,  que  d  de  entrar,  sobre  la  base  de 
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•tMerratorlo  MeteoroMgloo  del  Ootoglo  Pio  d«  Vflla  OolAn-ltoiteTldM,  Uragosj.  iDteiw 
^akw  lin  UoTia  de  mm.  &1  por  lo  bmom  (Takms  %  iobra  el  total  de  1S8B  diae  de  UutIm 
•operloref  a  5  mm.). 
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lot  mlBmos  y  como  lo  fayorecerfa  el  tema,  a  discnsioiies  de  carActer  teMoo  y  a 
eBtodios  de  comparactdn  eon  sooas  cUmatdrlcaa  slinllares  o  Inmedlataa  a  la 
nneatra. 

BK8ULTAD08  BKLATIV08  A  lA  IXUVIA  T  AL  OEANISO. 

L  NorwuU  y  emtremoM  plwvUm^Moo9.^m  total  medio  de  lluTla  parm  el 
pdrfodo  1884-1914  ea  de  m/m  990.6  que  tlene  por  Ifmitea  en  el  mAxlmnm  (afio 
1914)  m/m  199U  y  en  ti  mfnlmom  (afio  1892)  m/m  444A 
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Observfttorio  Metaorol^gioo  del  Colegio  Pio  de  VUla  Col6n-lCont6vldeo,  Uragimy. 

Bs  notable  dentro  del  perlodo  la  seqola  perslstente  del  trienlo  1891,  1892  y 
1898,  desastrosa  para  la  ganaderfa  y  la  agrlcultura,  afios  en  que  el  total  anual 
apenaa  alcanz6  respectiyamente  a  m/m  687.8,  444.3  y  521.3. 

Bn  contrarlo  sentldo  se  destaca  el  cuatrlenlo  1911, 1912, 1913  y  1914,  ezoealyo 
ea  Unyia  con  valores  respecUyamente  de  m/m  1108.7,  1399.9,  1111.1,  y  199(UI. 
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Tamblte  estxw  ezcesofl,  provocando  innndaciones,  fayoredendo  ti  desarroUo 
de  enfermedades  y  plagas,  impidlendo  las  siembras  o  malogrdndolas,  perjudi- 
caron  notablemente  a  naestraa  indoatrias  ganadero-agrfcolaa. 

Deqnite  de  haber  examlnado  reglstros  de  obsenradonea  correBpondientes  a  la 
regito  del  Plata,  algunaa  pertenecieatea  a  la  prlmera  mttad  del  sif^  paaado, 
otraa  a  la  segonda  mitad  del  mlamo  slglo,  pero  anterlores  a  las  nnestras,  hemoe 
formado  la  convicci^ii  (dentro  slempre  de  la  relatlvidad  de  valorea  en  eztremo 
variables)  de  que  los  extremos  indicados  pueden  oonsiderarBe  cobio  absolntoe 
secnlares  para  nnestro  dima. 

IL  Mmroha  inenaudl  y  ettooiofial^— Una  prq^wnderanda  ndochUIca  Men 
deflnida  y  oonstante  a  fovor  de  ciertos  meses  o  estadones  del  afk>  no  resolta 
d^  oonjnnto  de  observadones  consideradas.  Oomo  paede  yerse  a  contlnnadtet 
los  totales  medlos  de  las  estadones  dtfleren  tan  pooo  entre  sf,  a«e  pueden 
conslderarse  pr&ctlcamente  iguales: 

Yerano,  total  medio  de  Uayia 254.0 

Otofio,  total  medio  de  Uuvia 250.1 

Inviemo,  total  medio  de  llnvia 251.9 

Primavera,  total  medio  de  llnyia 284. 6 

Bzaminando  los  totales  medios  mensuales,  aparecen  mAs  favoreddos  marzo 
y  abril,  meses  qne  tienen  en  so  haber  algnnas  de  las  mfts  intensas  innndadones 
registradas  en  la  zona,  como  la  correspopdiente  al  afio  1886  y  la  de  1800; 
pero  no  es  menos  derto  que  a  esos  mismos  meses  corresponden  tambidn  canti- 
dades  mfnimas  de  sequfa,  como  por  ejemplo,  la  de  marzo  de  1887  (eon  mm. 
&0)  id  de  1906  (con  6.4  mm.)  id  de  1909  y  1911  (con  mm.  14.1  y  11.0  respectiva- 
mente) ;  el  mes  de  abril  de  1892  (con  25  mm.  4)  id  de  1909  (con  17  mm.  6)  no 
mendonando  sine  las  yalores  qne  m&s  se  destacan  por  bajos. 

in.  BwiremoM  medio%  y  ah80luto»  ineH9Udle$.—ljOB  totales  medios  mensnales 
de  llayia  flnctdan  entre  mm.  106  (marzo)  y  65.8  (jonio). 

Los  extremes  mensnales  absolntos  los  retiene  el  ya  mendonado  af&o  1895  con 
mm.  886^  para  el  m&zimnm  (marzo)  y  agosto  de  1886  sin  llnvia  nlngona. 

La  saltnariedad  en  la  distribnddn  de  la  llnvia  tambito  qneda  demostrada 
por  el  hecbo  de  qne  todos  los  meses  del  afio  (con  ezcepddn  de  didembre), 
retnvieron  nna  o  m&s  voces  el  m&xlmum  como  retnvieron  el  mfnhnum,  a 
excepd6n  de  abril,  jnlio  y  noviembre. 

De  cnalquiera  manera,  por  lo  menos  para  Montevideo,  no  tiene  fnndamento 
en  las  dfras  el  criterio  pc^nlar  bastante  generalizado  en  todo  d  pais  qne 
ofrece  el  inviemo  como  la  estad5n  dd  alio  Uuviosa  por  ezcelenda.  Ni  lo  es 
por  su  cantidad  de  predpitadones,  ni  por  la  frecuenda  de  las  mismas,  como 
veremos  en  sn  Ingar  correspondienta 

lY.  Maroha  diuma. — Sin  posibilidad  de  entrar  al  estndio  detallado  del 
fen6meno  bajo  el  pnnto  de  vista  especial  de  su  frecuenda  dinma,  podemos 
aceptar  al  respecto  las  condusiones  a  que  se  lleg6  en  una  publicad5n  de  1898 
andloga  a  la  presenter  en  todas  las  estadones  hay  predominio  de  Uuvia  en 
la  madrugada  y  la  mafiana,  acentu&ndose  este  predominio  en  la  primavera, 
probablemente  por  el  mayor  contraste  entre  la  temperatura  del  dfa  y  el  mini- 
mum de  la  madrugada. 

En  el  transcurso  de  los  81  afios  seis  voces  solamente  figuran  como  mflzimos 
en  las  24  horas»  valores  superiores  a  los  100  mm.  y  son  los  siguientes  por 
orden  de  importanda: 
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Mayor  oantidad  de  Uuvia  en  un  dia. 


Bl  9  de  abrll  de  1897  cayeron 172. 4  en  11  boras  85  mtnntoB. 

El  8  de  mayo  de  1918  cayeron 147.0  en  20  boras  10  mlnutoa. 

Bl  5  de  abrll  de  1898  cayeron 184. 9  en    9  boras    6  mtnutoa. 

Bl  28  de  manso  de  1895  cayeron 120. 0  en  12  b<»*as  20  mlnutos. 

Bl  29  de  abrll  de  1912  cayeron 105. 7  en  10  boras  00  mlnutos. 

Bl  U  de  Junlo  de  1902  cayeron 104. 8  en    6  boras  45  mlnutoa. 

y.  Frecuenoki  de  la  Uuvta, — Gontrlbulrft  a  caracterlzar  la  fisonomia  de 
nnestro  clima  bajo  el  panto  de  vista  que  anallzamos  y  dard  su  verdactoa 
slgnificacl6n  a  los  valores  de  la  llnvla  la  dlstrlbnd^n  de  los  dfaa  con  predpl- 
tadones  medlbles  segdn  las  dLstlntas  cantidades  recogldas  desde  los  pocos 
d4clmos  de  mllfmetro  de  efecto  no  apreclable  para  d  rlego,  basta  Urn  m&B 
cnantlosos  aguaceros.  Esta  dlstrlbnci6n  que  se  detalla  por  alios,  meses  y 
estadones  en  las  Tablas  III  a  la  XXXIII  ofrece  en  d^nltlva  los  slgolentes 
resultadoB. 

Bl  t^rmlno  medio  anual  de  dfas  IIuyIosob  (lluvla  medlble)  es  de  02.t  y 
flucttla  entre  un  m&xlmum  de  186  (1896)  y  71  (1898). 

De  ese  total : 

Bl  18.1%  es  de  dfas  con  lluvla  Inferior  a  1  mm. 

Bl  88.8%  es  de  dfas  con  lluvla  de  1  a  5  mm. 

Bl  25.8%  es  de  dfas  con  lluvla  de  5.1  a  15  mm. 

Bl  10.5%  es  de  dfas  con  lluvla  de  15.1  a  25  mm. 

Bl  5.7%  es  de  dfas  con  lluvla  de  25.1  a  85  mm. 

Bl  6.6%  es  de  dfas  con  lluvla  de  85.1  o  m&s. 

Lo  cual  qulere  dedr  que  unos  2/5  del  total  pluvlom^trlco  anual  nos  Uega  por 
Uuvlas  entre  5  y  25  mm.,  seflal&ndose  apenas  un  caso  por  afio  de  lluvla  por 
endma  de  los  50  mm. 

SI  buscamos  la  Influenda  de  las  estadones  en  la  Intensldad  de  la  lluvla, 
tenlendo  prdctlcamente  suma  Importancla  el  conocer  si  bay  estadones  que 
sean  m&a  o  menos  &voreddas  con  derto  orden  de  predpitadones,  el  re- 
sultado  vlene  aqui  tambito  a  confirmar  lo  dicbo  anterlormente :  Todas  las 
estadones,  dentro  de  los  Ifmltes  que  Impone  la  naturaleza  del  fen6meno  tan 
variable  de  suyo,  presentan  propordones  an&logas.  Y^ase  si  no  el  proq^ecto- 
resumen  siguiente: 

N^tnero  totai  ahioluto  de  dias  con  lluvias  de  distinta  intensidad  y  9U  proporMn 
anual  y  estaoional  por  ciento  en  el  periodo  1884-19H: 


Dfas  oon  Uavia. 

Verano. 

Otofto. 

Invlerno. 

Prlma- 
vera. 

Afio. 

De  menos  de  1  mm: 

Toiml  absAlnto                  

Ill 
16 

250 
36 

176 
25 

66 
9 

t 

53 
8 

131 
19 

234 
34 

161 
23 

79 
11 

39 
6 

49 

7 

139 
19 

241 
82 

199 
26 

76 
10 

55 

7 

43 

6 

136 
19 

228 
32 

201 
28 

81 
11 

81 

4 

45 
6 

il6 

18 

De  1  mm  a  5: 

Tntal  abttolnto. ........Tm 

968 

ProDMtddn  f  DOT  oleato) 

88 

De  6.1  a  15  mm: 

TntAl  ftbflolnto. 

786 

PmDoreidn  f  nor  ciento) 

26 

Del6.1a2Smm: 

IVitAl  ftlMolnto 

802 

Pmnnrcdrtn  fDor  ciento). ..^-.^.-r 

10 

De2S.la35mm: 

Total  abflolnto 

165 

PrmvwHAn  (xwr  ciento) 

6 

De  86.1  a  mAa  mm: 

Totftl  fthflolnto 

MO 

1>*w>nmwliln  /tww*  ftlAflto) .- 

r 
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YL  intervaXoM  de  dioM  tin  Uuvia.'-JSi  resnltado  de  la  investigacldii  Uevada  a 
efecto  deade  el  afio  1884  haata  1914  figura  en  loa  Coadroa  XXXIV  y  XXXV,  con 
lo8  doa  criterloa  adoptadoa  para  el  caao :  en  el  primer  cnadro  se  conaidera  oomo 
Intenralo  ain  llnyia  todo  aquel  que  no  ofrezca  lluviaa  por  lo  menoa  de  un  miU- 
metra  Bn  el  aegondo,  de  m/m  5.1  por  lo  menoa.  Creemoa  qne  para  el  eatadio 
4e  laa  aeqnlaa  en  an  taae  prdctica,  mejor  reaponde  el  aegondo  criterio,  no 
^padlendo  conaiderarse  efidentea  para  las  explotadonea  ganadero-agrfcolaa  en 
nneatro  pafa,  por  rasonea  que  se  correlacionan  con  la  configaraci6n  del  terreno 
mny  ondolado,  la  naturaleaa  del  auelo,  la  fndole  y  forma  de  loa  cultitoa,  canti- 
dadea  inferiorea  a  loa  dnco  milfmetroa,  sobre  todo  a  ralz  de  perfodoa  de  derta 
diiraci6n  ain  precipitadones  y  durante  loa  mesea  calurosoa. 

Intervalo$  tin  Uuvia  de  5.1  m/m  por  lo  meno$. — ^Bl  Cuadro  XXXY  noa 
demueetra: 

(a)  Que  una  aola  yes  (el  afio  1888)  ae  regiatr6  un  perfodo  de  65  dfaa  ain 
UuTlaa  que  alcanzara  a  loa  dnco  milimetroa. 

(5)  Que  en  loa  81  afios  auman  apenaa  diez  loa  perlodos  de  cuarenta  o  mfla 
diaa  aeguidos  ain  que  la  lluvia  alcanzare  a  esa  cantidad,  lo  que  da  un  perfodo 
cada  trea  afioa  en  t^rmino  medio. 

(o)  Que  de  loa  1888  dfaa  de  Uuyia  superlorea  a  loa  5  m/m  unoa  cuatro  cientoa 
aiguieron  a  dfaa  de  an&loga  intenaidad. 

Bl  41  %  fueron  8^;MuradoB  por  intervaloa  entre 1  y  5 

Bl  26  %  fueron  aeparadoa  por  intervaloa  entre 6  y  10 

Bl  15  %  fueron  aeparadoa  por  intervaloa  entre lly  15 

Bl   8  5^  fueron  separadoa  por  intervaloa  entre 16  y  20 

Bl   5  5G  fueron  aeparadoa  por  intervaloa  entre 21  y  25 

Bl   2  %  fueron  aeparadoa  por  intervaloa  entre 26  y  80 

VSi   1  %  fueron  aeparadoa  por  intervaloa  entre 81  y  85 

VSi   1  %  fueron  aeparadoa  por  intervaloa  entre 86y  50 

M    1  %  fueron  aeparadoa  por  intervaloa  entre (m&z.)  51y  65 

IfUervaloM  $in  Uuvia  de  1  m/m  por  lo  menoM. — ^Las  conduaionea  a  que  ae 
ilega  con  eate  criterio,  que  reduce  notablemente  loa  intervaloa  mayorea,  son  laa 
alguientea: 

id)  Una  aola  ves  en  el  afio  (en  1885)  ae  registry  un  perfodo  de  41  dfaa  ain 
Uuvia  que  alcanzara  el  mllfmetro  o  aea  de  aequfa  que  bien  puede  conaiderarae 
abaoluta. 

(e)  Bn  loa  81  afioa  auman  apenaa  80  loa  perfodoa  de  dfaa  aeguidoa  9in  Uuvia 
por  lo  menoa  de  un  mllfmetro,  lo  que  equivale  en  t^rmino  medio  a  un  caao  por 
afio. 

(/)  De  loa  1587  dfaa  con  Uuvia  superior  al  mUfmetro:  ITna  mitad  prdxima- 
mente  aigue  a  dfaa  de  igual  intenaidad. 

Bl  68%  fueron  aeparadoa  por  intervaloa  entre 1  y  5 

Bl  26%  fuoron  aeparadoa  por  intervaloa  entre 6  y  10 

Bl  8%  fueron  aeparadoa  por  intervalos  entre 11  y  15 

Bl  4%  fueron  separadoa  por  intervaloa  entre 16  y  20 

Bl  1%  fueron  aeparadoa  por  intervaloa  entre^ 21  y  25 

Bl  1%  fueron  aeparadoa  por  intervaloa  entre 26  y  41 

Bn  reaumen :  Del  conjunto  de  obaervadonea  ae  deaprende  que  en  nueatro  dima 
tienen  un  gran  predominio  laa  Uuviaa  de  mediana  intenaidad  y  que  ellaa  eat&n 
diatribufdaa  a  lo  largo  del  afio  con  moderada  frecuenda  sin  preferenciaa  de 
OMaea  o  eatadonea;  en  ras6n  (t^rmino  medio)  de  una  cada  cuatro  dfaa  ai  ae 
oonaMeran  todoa  loa  dfaa  de  Uuvia  medible ;  una,  cada  dnco  a  aeia  dfaa  para  laa 
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de  1  o  m&i;  una  cada  8  a  9  diaa  si  se  ezduyen  laa  inferlorea  a  dnco  miUmetro* ; 
mi  fin.  una  cada  20  dfas  para  laa  aiiperiorea  a  ese  ntlmoro. 

EL  OBANXSO. 

L  Se  iirodiijeron  en  total  78  caaos  dvmnte  lot  81  afioa  (to  obaenracioiita  la  qva 
da  on  ttonino  medio  de  2Z  dfaa  con  graniao  por  afio.  La  frecaenda  fluctte 
entre  an  maximum  de  oinoo  diM  en  1888  y  on  minimum  de  oero  dlaa  en  1806^ 
el  dnico  afio  de  la  larga  aerie  en  d  que  no  fa6  ot)eeryado  d  fendmeno. 

XL  Distribuldoa  loa  caaoa  por  eatadonea*  reanlta: 

Bl  verano  con  nn  total  de  6  caaoe  aba.,  que  da  tm  prom,  de 0. 19 

Bl  otofio  con  tm  total  de  12  caooa  aba.,  que  de  on  prom,  de 0. 89 

Bl  inviemo  con  on  total  de  86  caooa  abs.,  que  da  nn  prom,  de 1. 18 

La  primavera  con  nn  total  de  25  caaoe  aba.,  que  da  nn  prom,  de 0. 81 

Se  ye,  por  tanto,  que  a  m&a  de  eer  bastante  baja  la  frecnenda  general  d^ 
granizo,  ea  mfnima  en  laa  estadones  (^;>oca  calnroea)  en  que  d  dafio  canaado 
podria  ser  grave  en  presenda  de  laa  cosechaa. 

IIL  Bl  86%  de  loa  casoe  observadoa  se  verified  acompafiado  de  llnvia,  qoe  la 
gran  mayorfa  de  los  casos  tnvo  carActer  de  agnacero. 

lY.  Bl  67%  de  los  casos  anotados  se  presentd  con  manifestadonea  el^cCricaa. 

y.  Bn  fin,  sdlo  el  28%  de  los  casoa  y  en  su  mayor  parte  en  la  eataddn  frfa, 
midi6  d  graniao  nn  di&metro  que  pneda  apredarse  en  8  mm.  o  m&a. 

YL  De  los  78  caaoa  se  presentaron: 

4  reinando  viento  N. 
6  reinando  viento  NW. 
14  reinando  viento  W. 
24  reinando  viento  SW. 
10  reinando  viento  S. 

1  reinando  viento  SB. 

2  reinando  viento  B. 
8  reinando  viento  NB. 

16  sin  indicaci6n  de  rumbo. 

lo  cnal  da  nn  porcentaje  de  77%  de  granisadas,  reinando  vientos  a  menndo 
fuertea,  dd  cuadrante  Oeste  predominando  en  forma  evidente  la  direcddo  dd 
Oeate  y  Sndoeate. 


RfO  DE  LA  PLATA.— GENERAUDADESw—INFLUENCIAS 
METEOROLOGIOAS. 

Por  HAMLET  BAZZANO, 
Director  del  InstUuto  Metewroldgtoo  Naokmal  de  Uruguay. 

Bl  rfo  de  la  Plata  presenta  nn  case  tipico  de  los  estuarios  abiertoa,  y  las 
condidones  rdativas  a  la  natnraleza  de  sn  fondo,  a  sus  costas  y  a  los  movi- 
mientos  de  sus  aguas,  son  dignos  de  un  detenido  eatudio. 

Su  fflctensidn  superficial  ezcede  de  20,000  kildmetroa  cuadrados,  con  una 
longitud  de  800  kildmetros,  y  un  ancho  sumamente  variable. 

Si  ae  considera  comprendida  la  desembocadura  dd  Rfo  «itre  los  cabos  Santa 
ICarla  y  San  Antonio,  la  distanda  que  media  entre  estos  doa  puntoa  es  aprosl- 
madamente  de  800  kildmetroa,  estrediAndoae  hasta  alcanzar  la  de  1,800  metroa 
a  la  altura  de  punta  Oorda. 


_J 
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• 

Las  Inflnencias  generales  de  lot  yie&tos  Bobre  las  agnas  no  se  baoen  senaibleB 
baata  cA  cabo  de  Santa  Blarla,  eziatlendo  en  cambio  nna  casl  perfecta  regnlari- 
dad  entre  las  oecUadones  que  elloa  experimentan  en  Montevideo  con  los  regUh 
tradores  en  pnnta  del  Bate  (departamento  de  Maldonado). 

Bl  retardo  entre  la  marea  de  nno  de  estoe  pnntos  con  reladdn  al  otro,  de- 
pende  de  las  direcdones  de  los  vientos  que  la  inflaendan;  pero  en  los  cases 
anormales,  en  qne,  obededendo  a  la  acddn  de  los  de  gran  intensidad,  se  pro- 
dncen  las  credentes  o  las  bajantes  extraordlnarias,  el  fendmeno  es  casl  simnl- 
tAneo  en  ambas  localidades. 

La  profondidad  del  Rfo  es  snmamente  variable,  y  tanto  por  esta  circuns- 
tancia,  como  por  la  natnralesa  del  fondo,  conflgoracldn  de  sus  costas,  r^men 
general  de  sns  agnas,  el  estuario  se  pnede  considerar  dividido  en  tres  secdones, 

OANAXJM  I«L  BSTnABIO.     PIOFUNDIDADES — FIATA  INVKBIOB,  MEDIO  T  SUFKBIOB. 

La  diferenda  esendal  que  eziste  entre  la  costa  oriental  y  la  argentina  y  la 
natnraleaa  del  f ondo  del  rfo,  dan  logar  a  nna  serie  de  f endmenos  secundarios  en 
la  propagad6n  normal  de  las  mareas.  Las  profnndidades  variables  de  las 
diversas  secdones  en  qne  pnede  considerarse  dividido  el  estnario,  retardan  o 
acderan  los  movimientos  de  propagaddn  de  la  onda  del  oc^no  Atl&ntico. 

Tenemos  en  la  primera  secddn  del  rfo,  qne  comprende  desde  los  cabos  Santa 
Maria  y  San  Antonio  basta  Montevideo  y  pnnta  Piedras,  dos  canales,  nno  en  la 
costa  oriental,  profnndo,  y  otro  en  la  argentina,  separados  por  nna  region  de 
grandes  bancos,  Ronen,  Ingl^,  Mednza,  Arqnfmedes,  y  Nardso. 

Las  profnndidades  son  mny  variables  desde  20  metres  basta  2  metres. 

La  segnnda  seccidn,  Plata  medio,  comprende  desde  Montevideo  y  la  Ck>lonia  en 
la  costa  oriental,  basta  pnnta  Piedras  y  pnnta  Lara,  en  la  argentina.  Dentro  de 
esta  8ecd6n  se  encnentra  el  banco  Ortiz,  qne  se  prolonga  basta  la  costa  oriental 
y  SQMura  los  dos  canales :  el  Argentine,  con  9  metres  de  profnndidad  frente  a 
La  Plata,  y  el  Oriental,  qne  es  mny  profnndo  y  qne  se  derra  mfis  abajo  de 
Puerto  Sance. 

Bl  Plata  superior  comprende  desde  pnnta  Lara  y  la  Oolonia  basta  el  delta 
del  Paran&  y  pnnta  Gorda.  Bn  esta  secddn  desembocan  los  rfos  ParanA  y  Um- 
gnay,  presentftndose  su  lecbo  dividido  en  dos  cnencas  separadas  por  d  banco 
de  Playa  Honda. 

Bn  la  cnenca  argentina  se  encnentra  el  canal  de  las  Palmas  y  Playa  Honda, 
con  profnndidades  desde  7  metres  basta  2  metres  y  75  centimetres. 

Bn  la  cnenca  oriental  tenemos  los  canales  de  Martin  Oarda,  mucbo  m&s 
profnndos  qne  los  correspondientes  a  la  cnenca  argentina.  Bl  canal  de  Buenos 
Aires,  que  tiene  9  metres  de  profnndidad,  tormina  en  la  barra  dd  Globe,  a  8 
metres  50  centfmetros.  Para  Uegar  al  canal  nuevo,  que  es  d  que  boy  sigue  la 
navegaddn,  bay  que  atravesar  la  barra  de  San  Pedro,  con  5  metres  50  centf- 
metros de  profnndidad  minima. 

Las  profundidades  mayores  se  encuentran  Junto  a  la  Oolonia,  donde  bay 
pnntos  que  alcanzan  basta  12  metres. 

Bsta  es,  a  grandes  rasgos,  la  distribucidn  de  los  canales  dd  estuario. 

LA  ONDA  DB  MABBA  DEL  AIULnTICO — SU  PBOPAQACldN.  , 

Si  consideramos,  de  acuerdo  con  las  opiniones  mim  autorizadas  y  come  una 
consecnenda  de  nuestros  estudios  redentes,  a  punta  dd  Bate,'  como  Ifmite  dd 
estuario  en  la  costa  oriental,  este  punto  determina  con  punta  Rasa  (cabo 
de  San  Antonio)  una  Ifnea  normal  a  la  direcddn  S.  B.  de  la  onda  de  marea 
que  viaie  dd  octeno  AtUUitica  De  manera  que  en  d  cabo  de  San  Antonio  y 
en  punta  dd  Bste  d  fendmeno  es  simultdneo,  pero  no  pasa  lo  mismo  con  las 
puntas  interiores  dd  rfo. 
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Al  entrar  la  onda  de  marea  por  la  desembocadnra  del  eatoario,  ae  encnentra 
con  do8  canalea,  uno  de  la  coata  oriental  y  otro  de  la  argentina,  a^Miradoe  por 
una  region  de  grandes  bancos. 

La  onda  ae  dlrige  con  preferenda  hada  laa  mayorea  profondidadea,  retra- 
a&ndose  conslderablemente  en  loe  bancoa  y  dando  lugar  a  dos  ondaa  con 
velocldades  distlntas:  una,  la  de  la  coata  oriental,  que  lleva  on  moTimiento  de 
propagaci6n  mayor  que  el  correq;H>ndiente  a  la  costa  argentina.  La  marea  en 
la  costa  oriental  tiene  oaciladones  verdaderamente  curiosaa  y  que  no  ae 
observan  en  la  argentina.  Guando  no  se  tenlan  m&i  obserradonea  que  laa 
que  podfa  proporclonar  el  mare6grafo  instalado  en  la  bahia  de  Montevideo, 
era  muy  difidl  detenhinar  el  origen  de  esoa  movimientoa  oadlatorioa  que 
aparecfan  registrados  en  loa  diagramaa  a  intervaloB  de  15, 10  y  basta  5  mlnutoa. 
Despu^  de  haber  examinado  detenldamente  la  confignrad6n  de  la  bahfa  y  aoa 
obras  interiorea,  por  si  eaaa  anomaUaa  podfan  derivarae  (to  drcunatandaa 
locales,  nos  trasladamos  con  d  ingeniero  Foster  y  Moreau,  de  la  imq>ecd6n 
general  de  navegaddn  y  puertos  de  la  Repiiblica  Argentina,  a  la  playa  de  loa 
Pocijtoe,  donde  practicamos  algunaa  observadones  que  fueron  lu^o  continuadaa 
durante  varios  diaa  en  una  forma  regular. 

El  movimiento  vibratorio  de  propagad6n  de  la  onda  de  marea  obsenrada 
en  Montevideo,  se  produce  en  la  misma  forma  en  la  plaza  de  loe  Podtoa. 
M&a  adelante,  cuando  se  instal6  definltivamente  el  mare6grafo  en  punta  dd 
Este,  se  pudo  comprobar  que  ese  fen6meno  era  general  en  la  coata  Norte 
del  estuario  desde  punta  del  Este  basta  Montevideo.  Ck>mo  las  mareaa  se 
propagan  con  distlntas  velocldades  en  los  canales  del  rfo,  obededendo  a  las 
diferencias  notables  de  sus  profundidades,  ^se  producen,  en  vlrtud  de  esta 
drcunstancia  y  dd  espado  considerable  que  media  entre  sus  coatas,  corrientes 
transversales  con  movimientoe  giratorios  en  su  curso,  y  corriaites  de  direc- 
dones  opuestas,  segtin  se  originen  en  d  flujo  o  en  d  reflujo  de  laa  aguaa. 
Nosotros  hemos  determinado,  en  la  forma  que  ezpondremos  mfts  adelante,  la 
amplitud  media  de  cuar^ita  y  dnco  centimetres  para  la  onda  de  marea  que 
llega  a  Montevideo. 

Las  dos  ondas  de  mareas,  que  salen  una  de  Montevideo  y  otra  de  punta 
Piedras,  se  encuentran,  y  domina  una  de  dlas,  segtin  la  direcd6n  dd  viento 
que  las  influencia.  El  curso  de  estas  dos  ondas  y  su  amplitud  no  hemos 
podido  determinarios  con  precisi6n  por  falta  de  dates.  La  onda  de  marea 
que  se  encuentra  en  la  costa  de  la  Ck>lonia  con  la  prolongad6n  del  banco  Ortiz, 
se  pierde  en  este  punto. 

Foster  indica  que  la  marea  llega  a  puerto  Sauce  con  una  amplitud  media  de 
cincuenta  centimetres,  y  de  ochenta  en  la  costa  argentina. 

Estos  serfan  los  movimientos  normales  de  propagad6n  de  la  marea  en  esta 
zona  dd  estuario  si  su  poca  profundidad  no  lo  colocara  en  condidonea  tales 
que  el  mds  leve  desequilibrio  atmosf^rico  anulara  este  regimen  regular. 

ICABGAS    idXIMAS    T    mINIMAS — NIVEL    MEDIO.      ALTAS    T   BAJA8    OBDmABIAS. 

Con  diez  afios  de  registros  mareogr&ficos  correspondientes  a  un  aparato 
instalado  dentro  de  la  bahfa  de  Montevideo,  se  ha  determinado  por  medio 
dd  planfmetro  Aneder  la  ordenada  media  de  cada  curva  diaria,  obteniendo 
como  resultado  final  los  valores  que  espedflcamos  m&B  abajo. 

El  mare6graf6  instalado  en  la  bahfa  de  Montevideo  es  un  moddo  Kegretti 
y  Zambra,  pdgina  121,  flgura  125  del  catAlogo  general. 

Las  alturas  de  las  mareas  estdn  referldas  al  cero  de  la  carta  Inglesa  dd 
rfo  de  la  Plata,  hecha  por  el  capit&n  Warthon.  Dicho  piano  de  referenda 
eet&  a  23  metres  88  centfmetros  bajo  el  vestibule  del  Cabildo,  que  no  bay  ^pie 
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confundir  con  el  nivel  medio  fljado  por  el  ingeniero  Zanetti  para  el  trasado 
7  construcddn  de  ferrocarriles  de  la  Bepdblica,  que  estA  a  23  metroa  10  oentf- 
metroa  bajo  el  mlsmo  punto. 

He  aquf  los  datos  extremos  y  medioa  de  los  regiatros  mareogr&fiooa : 

Mayor  creciente,  16  de  abrU  de  1914  =  +4.00. 

Mayor  bajante,  6  de  septiembre  de  1002  =  —0.940. 

Nivel  medio  =>   +0.914. 

Altas  ordinariaa  =  +1.289. 

Bajas  ordinariaa  «  +0.500. 

08Cilaci6n  maxima  registrada  en  24  tioraa  =  2.41. 

DIVEB8AS  BELAdONES  liETBOBOLdOICAB.     A0CI6N  DB  LOS  VIENT08  80BBE  hAB  A0UA8. 

La  rotaci6n  de  los  vlentos  ha  sldo  estndiada  determlnadamente  en  sna  rela- 
donea  diversas  con  los  dem&s  elementos  meteorol6gicos,  pnes  a  sua  cambioa  de 
direcddn  e  intensidad  obedecen  los  movimlentos  de  las  agnaa  dd  estuario. 

Slendo  el  rfo  de  la  Plata  de  nn  ancho  tan  considerable  y  no  estando  sn  pro- 
fundidad  en  reladdn  con  la  gran  snperfide  qne  €1  abarca,  la  inflnenda  astro- 
n6mica  qneda  completamente  contrarrestada  por  el  viento  que  domina  en  el 
memento  en  que  sus  agnas  deberian  obedecer  a  la  ley  natural  que  rige  sua 
movlmientos  peri6dicos  y  regulares. 

Bsta  influencla  se  hace^  sensible  en  tipocas  de  calma,  ya  sea  absoluta  o  bien 
con  Tientos  que»  no  correspondiendo  a  los  del  segundo  y  tercer  cuadrante, 
tengan,  cnando  m&a,  una  velocidad  media  de  dnco  a  seis  kil6metros  por  bora. 
Si  esa  veloddad  aumenta,  se  producen  oadlaciones  notables  en  la  marea,  que 
pueden  ll^ar  a  asumir  una  proporci6n  mayor  ai  la  direcd6n  cambia  en 
cualquier  sentido,  quedando  determinado  un  m6ximo  de  altura  con  loe  vientoa 
del  2*  cuadrante,  comprendidos  del  S.  E.  al  S.,  y  los  del  8*  del  S.  al  S.  W. 

En  d  caso  de  actuar  estos  vlentos,  no  es  condid6n  precisa  que  su  veloddad 
adquiera  grandes  propordones,  bastando  una  rotad6n  rdplda  de  un  N.  o  N.  W. 
de  80  kil6metros  a  un  S.  W.  de  40  a  50  para  acusar  alturaa  positivaa,  con 
osdladones  de  un  metro  en  un  espaclo  de  tiempo  de  80  a  40  minutes.  Hay 
40  o  50  curvas,  mareogr&flcoa  que  presentan  este  caso  bien  caracterizado. 

Los  vientos  no  solamente  ejercen  su  acci6n  sobre  las  aguas,  modiflcando 
su  altura  en  una  forma  anormal,  sino  que  su  inflnenda  se  hace  sentir  inme- 
diatamente  sobre  todos  los  dementos  atmosfMcos. 

Las  condiciones  topogrdflcas  de  la  ciudad  y  d  estado  de  sus  costaa  sin 
abrigos,  ya  sean  devadones  o  plantadones  especiales  que  puedan  defenderla 
de  la  acd6n  directa  de  los  vientos,  determlnan  osdladones  relativamente 
considerables  en  la  temperatura  y  la  humedad  atmosfMca. 

La  perfecta  armonia  que  existe  entre  el  viento  y  la  presi6n  hlgrom^trica, 
temperaturas  y  mareas,  impuso  la  construcd6n  de  diagramas  espedales  que 
presentan  a  prlmera  vista  toda  esa  serie  de  movimlentos  tan  Intimamente 
ligados. 

Con  esos  diagramas  se  ha  arribado  a  diversas  conclusionea  fundamentales. 

Las  mftximaa  temperaturas  extraordinariaa  corresponden  a  las  mfnimas 
naareas  extraordinarias. 

Porque  esas  temperaturas  devadas  rdatlvamente  a  la  estaddn  se  producen 
a  baJas  presiones  barom^tricas  con  vlentos  del  N.  las  cuales  ejercen  en  cases 
anormales  una  presi6n  media  comprendida  entre  40  a  45  kilogramos  por  metro 
cuadrado,  venciendo,  por  lo  tanto,  la  resistencia  de  la  mass  Ifquida  exterior. 
Bi  el  N.  no  es  fijo,  es  dedr,  si  glra  un  cuarto  al  B.,  se  notarftn  pequefias  osdla- 
dones en  la  temperatura,  y  la  marea,  influendada  por  las  vdoddades  de  esa 
dirediin,  superiores  a  40  kil6metros,  recorrerft  invariablemente  puntos  equi- 
^^^'^^'^^  del  cero,  aportdndose  m&s  de  20  a  80  centimetres  de  didia  Hnea,  «a 
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el  caso  de  que  la  rotacl6ii  progrertva  pase  de  los  cuarenta  y  dnoo  gnuloe 
dentro  dd  primer  cuadrante. 

La  carva  del  bardgrafo  presentarA  un  trazo  drcnlar  en  el  punto  que  cmrrem- 
ponda  a  la  minima  preaidn. 

Bajo  la  acddn  de  los  vientoa  fnertes  d€l  N.  las  mareaa  son  negatiTas  dentro 
de  las  direcclones  que  dejamos  expuestas,  slendo  sn  descenso  propordonal  a  la 
velocldad  del  viento;  pero  si  6ita  disminnye,  la  altnra  anmentarft  progresiTa- 
mente,  pasard  de  negativa  a  positiya,  y  cuando  esa  vtioddad  no  alcanoe  a  6 
kil6metros  por  hora,  la  acci6n  del  viento  es  mila  y  las  aguas  toman  sa  niv^ 
medio  normal;  +0.914. 

Slendo  nula  la  acci6n  del  viento,  la  influencia  astron6mica  se  hace  sensible. 
De  los  estudlos  comparatives  ejecutados  con  los  diagramas  del  viento  y  los 
correspondientes  de  mareas,  se  deduce  que  la  osciladdn  producida  por  la  in- 
fluencia astrondmica  queda  limitada  a  cuarenta  y  dnco  centimetres. 

Los  vientos  correspondientes  al  cuarto  cuadrante  son,  en  general,  de  actoa- 
ddn  muy  limitada,  p^ro  ellos  anteceden  a  una  serie  de  fendmenos  que  revisten 
un  car&cter  de  suma  traacendenda  para  la  navegaddn.  Los  movimientos  de  las 
aguas  bajo  sus  influencias,  est&n  en  razdn  directa  de  las  osdladones  que  se 
producen  en  la  presidn  barom^trica,  slendo  los  descensos  tanto  mAs  rl^idos  y 
continuos  cuanto  menos  sinuosidades  presente  la  curva  barogr^ca. 

Bajo  la  accidn  de  los  vientos  comprendidos  entre  el  N.  y  N.  W.  se  producen 
las  mayores  bajantes,  bastando  que  ellos  recorran  vdoddades  de  10  a  12  kild- 
metres  por  bora  para  anular  la  propagaddn  de  la  onda  de  marea  en  todo 
d  estuario.  Los  vientos  del  N.  W.  domlnan  con  veloddadee  variables  antes  de 
actuar  los  denominados  pamperos.  Bajo  su  accidn  el  descenso  de  la  columna 
barom^trica  es  continua,  sin  perturbadones,  y  las  aguas,  obededendo  a  su  in- 
fluencia, bajan  en  razdn  directa  de  su  velocldad  con  oecilaciones  propias  de 
la  costs  Norte  del  estuario.  De  manera  que  la  curva  de  presldn  y  la  de  mareas 
slguen  una  trayectoria  sensiblemente  paralela  hasta  el  memento  que  se  ihto- 
duce  la  calma.  Ouando  la  velocldad  del  N.  W.  disminuye  progresivamenle  hasta 
Uegar  a  este  periodo,  se  establece  una  detenddn  en  la  marea,  y  en  la  presidn 
barom^trica.  Este  es  el  memento  que  antecede  al  pampero,  siendo  su  violenda 
tanto  mayor  cuanto  mds  agudo  sea  el  Angulo  que  presente  la  curva  barogrftflca 
al  restablecerse  el  equllibrio  atmosf^ico.  Los  vientos  del  cuarto  cuadrante  dan 
lugar  a  un  oleaje  continue  de  muy  poca  altura  que  remueve  completamente  d 
fondo  dd  rfo.  Esta  remoddn  constante  del  lecho,  mayor  bajo  la  Influenda 
de  estos  vientos,  pero  que  siempre  se  verifies,  dada  la  poca  profundidad  dd 
estuario,  detiene  d  crecimlento  de  los  bancos  y  las  barras. 

Al  verlflcarse  las  rotadones  rftpidas  de  los  vientos  del  N.  al  W.  a  los  vi^itos 
dd  S.  se  forma  una  onda  de  gran  amplltud  que  se  predpita  dentro  del 
estuario,  por  este  tenemos  varias  curvas  mareogr&flcas  que  presentan  osdla- 
dones de  un  metro  en  espado  de  tiempo  de  SO  a  60  minutes.  Estas  modiflca- 
clones  de  alturas  estdn  en  relacldn  constante  con  la  temperatura.  A  una 
diferenda  de  diez  grades,  observada  durante  la  rotaddn  de  un  N.  W.  a  un 
W.  S.  W.,  correspondld  en  el  mlsmo  espacio  de  tiempo  una  de  un  metro  en 
la  altura  de  las  aguas.  Si  la  marea  no  se  hubiera  encontrado  en  condidones 
normales,  el  fendmeno  no  revestiria  un  car&cter  tan  ezcepdonaL  Se  pre- 
sentan con  f  recuaida  esos  credentes  rdpidos  sin  transiddn,  que  aparecen  en  los 
diagramas  en  un  trazo  casi  perpendicular  a  las  Uneas  horizontales  de  los 
reglstros.  En  estos  cases  las  curvas  de  presiones  afectan  las  formas  de  cones 
Invertidos,  cuyoe  vertices  correiqionden  a  las  minimas  mareas. 

Los  vientos  fuertes  dd  2*  cuadrante  que  actdan  sobre  d  rio  de  la  Plata* 
corresponden  en  general  come  decimos  anteriormente,  a  un  regimen  anti- 
dddnico  dd  sur  dd  atUntico. 
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Bstos  Tlentos  son  los  que  mayores  peligros  ofreoen  a  la  navegad^n,  no 
iolamente  por  an  gran  intensidad,  alno  tamblto  por  una  aerie  de  tai6meno8 
que  loa  acompafia,  como  son  las  nieblas  densas  qne  dificoltan  absolutamente  la 
percepcidn  de  los  objetos.  Las  velocidadea  de  estos  vientos  son  tanto  mayores 
cnanto  mim  rdpidamente  se  veriflca  el  asoenso  de  la  colnmna  barom^trica 
J  esto  se  comprende  f&dlmente  teniendo  en  capita  el  regimen  a  que  eUos 
pertenecen.  Las  aguas,  obededendo  a  su  influenda  dan  lugar  a  una  serie  de 
fendmenosde^rosidnenlasdlstintasaonasdelestnario.  Las  mayores  credentes 
0on  motivadas  por  vientoe  de  esta  dlrecdto,  levantando  ea  la  costa  oriental 
lo  mismo  que  los  pamperos,  el  mayor  oleaje  y  produdendo,  dada  la  poca  pro- 
fondidad  del  rf o,  una  socavaddn  en  su  ledia 

La  entrada  de  la  onda  que  se  forma  en  la  desembacadura  del  rfo  se  produce 
bruscamente,  por  cuya  raz6n  las  diferendas  de  nivel  aparecen  reglstradas  sin 
los  moTimentos  vibratorios  caracterlstioos  de  la  oosta  oriental. 

La  temperatura  y  la  presite  atmosfMca  se  sienten  influendadas  por  estos 
yientos  experimentando  la  primera,  descensos  bruscos  y  presentindose  las 
curras  barogr&flcas  con  movimientos  oedlatarios  continues,  motivados  por 
las  enormes  masas  de  nubes  que  ellos  arrastran,  las  cuales  se  resuelTen  a  su 
paso  en  lluvias  o  garuas. 

La  acddn  de  estos  temporales  suele  durar  varios  dlas,  y  las  aguas  se 
mantienen  durante  todo  el  perfodo  de  su  actuaddn  con  pocas  osdladones  alre- 
dedor  de  las  altas  mareas  ordinarias. 

EH  oleaje  es  general,  y  dada  la  orientad6n  de  la  costa  argentina  ese  morl- 
miento  toma  una  direcddn  transversal  en  los  canales  de  Martin  Garda. 

Los  Tientos  comprendidos  del  W.  al  S.  son  los  que  se  distinguen  con  el 
nombre  de  pamperos,  los  cuales,  a  pesar  de  dominar  con  veloddades  considera- 
bles,  no  ofrecen,  en  general  para  la  navegaddn  tantos  peligros  como  los  que 
acttian  dentro  de  segundo  cuadrante. 

De  las  obseryaciones  reglstradas  en  estos  tUtimos  alios,  resulta  que  los  grandes 
temporales  del  tercer  cuadrante,  ban  tenido  en  todos  los  casos  la  direcddn 
W.  }  S.  W.,  con  momentos  de  180  a  200  kilometres  borarios,  produdendo  un 
oleaje  continue,  con  una  altura  media  de  metros  1.00  dentro  de  la  babia  y 
dos  dies  a  dos  cuarenta  al  sur,  en  las  proximldades  del  templo  Inglte. 

Los  pamperos  pueden  ser  locales  y  generates.  Los  primeros  son  de  poca 
durad6n  y  se  producen  con  delo  despejado;  los  segnndos  tienen  su  origen  en 
la  Cordillera  de  los  Andes  y  suden  duras  varios  dfas,  acompafiados  de  lluvias  y 
gartlas  generales.  A  estos  vientos  los  autocode,  pocos  momentos  antes  de  pro- 
dudrse,  una  serie  de  fendmenos  f&dles  de  apredar,  present&ndose  como  los 
m&s  importantes  el  descenso  continue  de  la  colnmna  barom^trica  y  la  acd6n 
persistente  de  los  vientos  del  N.  y  N.  W.,  fuertes.  Cuando  se  verifican  las 
rotaciones  dd  tercer  cuadrante,  se  producen  cambios  totales  simultdneos  en  las 
condidones  generales  reinantes.  El  bardmetro  sube  rftpidamente,  afectando  las 
cnrvas  barogr&ficas  la  forma  de  un  cono  invertido,  y  la  temperatura  ezperi- 
menta  osdladones  de  10  y  12  grades  (centigrado).  Estos  vientos  dan  lugar  a 
credentes  acompafiadas  de'  mucho  oleaje,  d  cual  se  calma  durante  los  periodos 
de  lluvias  gardas  que  siempre  acompafian  a  estos  temporales.  Pocos  momentos 
antes  de  actuar  estos  vientos,  se  nota  que  las  veloddades  de  los  N.  disminuyen 
sensiblemente,  hasta  que  se  produce  un  intervale  de  calma,  en  tanto  que  aparecen 
relftmpagos  lineales  en  d  borizonte  dd  tercer  cuadrante. 

The  Chaibmak.  The  next  paper  on  the  program  is  on  the 
"Economic  aspects  of  climatology,''  by  Edward  L.  Wells,  of  the 
United  States  Weather  Bureau,  Boise,  Idaho. 
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THE  ECONOMIC  ASPECT  OF  CLIMATOLOGY. 

By  EDWABD  LANSING  WBLLS, 
Meteorologist,  United  States  Weather  Bureau,  Boise,  Idaho, 

INTBODUCnON. 

The  sdence  of  economics  treats  of  the  efforts  of  mankind  to  secure  a  living  or 
to  produce  or  acquire  wealth.  The  eomomic  status  of  the  individual  d^>ends 
upon  his  ability  and  upon  his  environment  and  opportunities.  Using  these 
terms  in  a  broad  sense,  ability  may  be  understood  to  include  strength,  energy, 
intelligence,  training,  fidelity,  constancy  of  purpose,  and  other  personal  attri- 
butes, while  environment  and  opportunity  may  include  inherited  wealth,  family 
connections,  the  natural  resources  of  the  country  or  the  conmiunlty,  and  the 
economic  systems  and  ideals  of  the  time.  It  is  not  possible  to  draw  a  fixed  line 
between  ability  and  environment,  for  the  reason  that  one's  ability  may  develop 
or  deteriorate  as  the  environment  is  favorable  or  unfavorable,  and,  on  the 
other  hand,  ability  is  sometimes  best  shown  by  the  manner  in  which  the  indi- 
vidual selects  or  creates  his  environment,  or  adapts  himself  to  that  which  is 
inevitable  in  his  surroundings. 

Of  the  natural  resources  of  a  place  or  section,  its  climate  is  one  of  the  most 
inq;K>rtant,  not  merely  as  a  matter  of  personal  comfort,  but  as  a  matter  of 
economic  value. 

It  will  be  the  purpose  of  this  paper  to  call  attention  to  the  intimate  connec- 
tion which  climatology  has  with  agriculture,  engineering,  transportation,  com- 
merce, manufacturing,  public  and  private  health,  and  recreation.  No  apology 
is  made  for  the  introduction  of  this  subject  before  a  scientific  body,  because 
it  is  believed  that  science,  to  be  worth  while,  must  always,  in  its  final  analysis, 
be  related  to  the  everyday  problems  of  the  conmion  man. 

Most  of  the  references  made  will  be  to  conditions  in  the  United  States,  but 
it  is  believed  that  the  principles  are  fundamental,  and  will  apply  with  equal 
force  in  the  other  countries  represented. 

It  will  not  be  possible  within  the  limitations  of  this  paper  to  treat  the  subject 
exhaustively,  but  only  to  make  a  few  suggestions. 

AQBICULTX7BE. 

Climate  and  soil  are  the  bases  of  agriculture.  Deficiencies  in  the  soil  may 
be  remedied  by  cultivation  and  the  use  of  fertilizers,  but  climate  is  beyond 
the  control  of  man. 

In  relation  to  agriculture  the  most  important  climatological  elements  are 
precipitation,  temperature,  and  sunshine.  The  distribution  of  vegetation,  both 
as  to  kind  and  quantity,  depend  largely  upon  these  elements.  Some  plants  will 
not  endure  frost  at  any  time  of  the  year ;  others  are  extremely  susceptible  to 
Injury  from  troet  at  certain  periods  but  will  survive  very  low  temperature  at 
other  periods.  The  length  of  the  frostless  period  required  for  some  plants  is 
greater  than  that  required  for  others.  Some  plants  requhre  a  large  number 
of  heat  units  for  their  highest  development,  while  others  thrive  best  with 
lower  temperature.  Most  plants  thrive  in  the  bright  sunli^t,  but  a  few  attain 
the  bluest  degree  of  excellence  in  the  shade.  Some  need  an  abundance  of 
moisture,  while  others  do  best  with  a  limited  amount  Not  only  do  yearly  or 
seasonal  values  of  precipitation,  temperature,  and  sunshine  (q;>erate  to  deter- 
mine the  limits  and  possibilities  of  crop  production,  but  the  distribution  of 
liiese  elements  is  quite  as  important    Wind  velocity  and  wind  direction  are 
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also  Important  factors.  Plants  tend  to  adjust  themselves  to  conditions  of 
dlmate,  bat  this  adjustment  operates  within  very  narrow  limits.  The  agricul- 
turist who  would  succeed  must  know  the  climatologlcal  conditions  with  which 
he  has  to  deal,  and  must  so  plant  and  cultivate  and  harvest  as  to  make  the 
most  of  these  conditions.  These  are  facts  so  well  known  that  they  need  not  be 
farther  emphasixed  in  this  paper.  Prof.  Cleveland  Abbe,  of  the  United  States 
Weather  Bureau,  has  fully  treated  the  scientific  aspect  of  the  question  in  his 
work  on  Relations  Between  Climates  and  Crops  (1).  Prof.  J.  Warren  Smith, 
also  of  the  United  States  Weather  Bureau,  has  made  extensive  studies  of  the 
effect  of  the  weather  on  the  yield  of  various  crops,  and  has  published  several 
Sfdendid  articles  along  this  line  In  the  Monthly  Weather  Review  (2). 

There  is  little  doubt  but  that  In  the  future  the  services  of  a  climatologlcal 
engineer  will  be  Invoked  to  pass  upon  the  climate  of  different  parts  of  new 
tracts  of  land  being  opened  for  settlement  Such  a  plan  Is  now  being  followed 
on  a  considerable  body  of  land  In  southern  California  (3). 

Not  only  Is  climatology  directly  related  to  the  practice  of  agriculture,  but 
there  is  an  indirect  relation  which  applies  In  many  and  various  ways.  In 
other  parts  of  this  paper  mention  will  be  made  of  the  relation  of  climatology 
to  problems  of  Irrigation,  drainage,  transportation,  manufacturing,  markets, 
and  the  efficiency  of  labor,  all  of  which  have  an  Intimate  relation  to  the 
economics  of  the  farm.  Perhaps  one  of  the  most  Important  of  the  Indirect 
applications  Is  that  which  has  to  do  with  the  control  of  Insect  pests  and  fun- 
gous diseases.  Nearly  all  Insect  pests  are  governed  more  or  less  In  their  life 
history  by  weather  conditions.  The  codling  moth,  for  example,  develops  two 
broods  In  a  short  cool  season,  and  three  broods  when  the  season  Is  long  and 
warm.  The  life  cycle  may  vary  as  much  as  10  days  In  length,  with  varying 
weather  conditions,  hence  the  time  of  spraying  should  be  varied  to  meet  the 
condltlona  The  number  of  Individuals  In  each  brood  aiso  depends  on  weather 
conditions,  as  was  shown  by  Quaintance  and  Scott,  In  Pennsylvania  In  1907  (4). 
Many  of  the  destructive  weevils  are  known  to  operate  only  within  certain 
climatologlcal  limits.  Fungous  diseases  are  particularly  susceptible  to  clima- 
tologlcal influence,  most  If  not  all  of  them  requiring  plenty  of  moisture,  while 
some  of  them  are  worst  In  hot  weather  and  others  do  the  greatest  damage 
when  the  temperature  Is  low. 

KNQINEEHINO. 

Perhaps  the  foremost  engineering  problem  of  the  time  Is  that  of  developing 
water  power  and  transmitting  It  to  where  there  Is  a  market  for  It  In  deter- 
mining the  feasibility  of  a  water-power  site  the  engineer  needs  to  know  as  to 
the  stability  of  the  flow  of  the  stream.  Often  the  records  of  rainfall  and  snow- 
fUl  over  the  watershed  constitute  the  only  Information  available  In  this  con- 
nectioiL  He  needs  to  know  also  whether  conditions  at  the  power  site  are  such 
as  to  permit  uninterrupted  operation  of  the  plant  More  than  one  expensive 
power  unit  has  been  abandoned  because  of  trouble  with  Ice.  In  the  construc- 
tion of  transportation  lines  he  needs  to  know  what  stress  of  weather  must  be 
guarded  against  Wind  and  Ice  storms  are  the  foes  of  electrical  transmission, 
whether  for  power  or  communication,  and  where  such  storms  are  sufficiently 
prevalent  It  has  been  found  better  to  place  the  wires  underground.  The 
matter  of  insulation  Is  Intimately  connected  with  the  climate. 

What  has  been  said  of  the  water  suiq[>ly  for  power  plants  applies  with  equal 
toroe  to  Irrigation  projects.  It  Is  necessary  to  know  not  only  how  much  water 
is  available,  but  at  what  time  of  the  year  the  flow  will  be  large  and  at  what 
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time  it  will  be  deficient  If  water  is  to  be  stored  it  is  iiiqKurtaiit  to  know 
whether  the  period  of  storage  will  be  long  or  sbort  It  is  important  to  know 
something  abont  the  amount  of  evaporation,  both  from  the  reservoir  and  from 
the  soil.  In  applying  the  water  it  should  be  known  how  much  rain  has  falloD, 
so  that  only  the  deficiency  may  be  supplied.  In  planning  the  irrigation  oper- 
ations for  a  given  year  it  is  essential  to  know  how  much  snow  thece  is  in  the 
mountains  from  which  the  streams  are  fed,  and  what  its  water  tontent  is. 
This  last  applies  to  hydraulic  mining  <q;>erations  and  to  pow^  development, 
as  well  as  to  irrigation. 

Just  now  the  development  of  wind  power  has  fallen  somewhat  into  the  back- 
ground, but  only  because  other  forms  of  power  have  for  the  time  been  chei^ 
ened.    Bir.  LaVeme  W.  Noyes  of  Chicago  is  authority  for  the  statonent  that-^ 

There  is  sufficient  power,  which  can  be  had  for  the  taking,  within  100  feet 
of  the  ground,  in  a  space  5  yards  in  diameter,  to  do  all  the  work  to  be  done 
im  a  40-acre  farm  from  the  sowing,  cultivating,  harvesting,  thrashing,  and 
marketing  of  the  crops  to  the  rocking  ol  the  babies  and  the  doing  of  all 
kinds  of  housework  and  to  furnish  light,  heat,  and  ice  for  the  house  and 
electric  light  for  the  chickens  to  sle^  by.     (5) 

The  profitable  development  of  wind  power  depends  not  only  upon  the  total 
or  average  wind  movement  but  on  its  constancy. 

In  all  construction  work  climate  must  be  considered.  Tall  buildings,  bridges, 
smokestacks,  etc.,  must  be  built  to  withstand  wind  force.  One  type  of  con- 
struction is  adapted  to  hot,  sunny  climates,  while  in  cool,  cloudy  climates 
another  type  must  be  used.  In  planning  heating  plants  the  temperature  and 
wind  are  to  be  reckoned  with.  In  hot-air  plants  the  prevailing  direction  of  the 
wind  is  particularly  important  In  the  construction  of  refrigeration  plants 
the  d^ree  of  heat  to  be  overcome  must  be  known.  In  the  building  and 
operating  of  air-cooled  storage  plants  carefully  kept  weather  records  are 
indispensable.  In  building  drains  and  sewers  the  designer  must  know  the 
maximum  amount  of  water  to  be  carried.  In  wood  construction  in  damp 
climates  the  fungous  diseases  of  wood  must  be  guarded  against  The  expan- 
sion to  be  allowed  for  in  bridge,  dam,  and  raihroad  construction,  the  mixture 
of  asphalt  used  in  paving,  the  depth  to  which  water  pipes  must  be  buried, 
and  many  other  problems  of  construction  hinge  upon  the  extremes  of  tempera- 
ture that  may  be  experienced.  A  very  porous  building  stone  is  not  suitable 
for  use  in  a  humid  climate  but  may  answer  admirably  in  a  dry  dimate. 
The  humidity  and  temperature  are  both  to  be  considered  in  planning  for  the 
introduction  of  atmospheric  moisture  into  artificially  heated  buildings.  The 
adjustment  of  forfeits  on  delayed  construction  work  is  often  materially 
expedited  by  reference  to  the  weather  records,  and  the  same  is  tme  of  claims 
for  imperfect  construction. 

TBANSPOBTATION. 

Few  commodities  are  used  where  they  are  produced.  The  concentration  of 
population  in  the  large  cities  and  the  increasing  demand  for  a  variety  of 
artides  of  food,  apparel,  and  convenience,  together  with  the  tendency  tat 
communities  to  spedalize  in  the  production  of  certain  commodities  are  all 
contributing  to  the  complexity  of  the  transportation  problem,  and  there  is 
hardly  a  phase  of  the  problem  that  is  unrelated  to  climatology.  Sailing  routes 
were  changed  as  the  great  wind  systems  became  known.  The  introduction  of 
steam  as  a  motive  power  for  ships  has  not  altogether  made  ocean  transpor- 
tation independent  of  these  wind  systems,  while  a  knowledge  of  storm  trads 
and  regions  of  fog  is  as  essential  as  ever.    In  the  building  of  railroads 
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phaseB  of  climate  are  to  be  considered,  including  the  probability  of  floods,  deep 
snows,  high  winds,  sand  storms,  etc  It  is  not  long  since  a  considerable  length 
of  railroad  line  in  one  of  the  Western  States  was  found  to  be  practically  worth- 
less because  of  having  been  built  too  near  the  bed  of  a  stream  and  therefore 
was  too  much  subject  to  damage  from  floods,  so  it  was  replaced  by  a  line 
built  higher  up.  The  writer  remembers  two  railroads  entering  the  same  town 
in  one  of  the  northern  plains  States,  one  of  which  is  seldom  blockaded,  while 
the  other  is  sometimes  closed  by  snow  for  months  at  a  time.  In  the  former 
case  the  cuts  are  parallel  to  the  wind,  while  in  the  latter  the  wind  blows 
directly  across  the  cuts.  In  operating  the  railroads  a  knowledge  of  the  climate 
is  essential.  This  is  particularly  true  in  the  shipment  of  perishable  products, 
which  may  require  icing  or  ventilation  as  a  protection  against  high  tempera- 
ture, or  insulation  against  the  cold.  Mr.  U.  E.  Williams,  of  the  Uni.ted  States 
Weather  Bureau,  has  given  some  excellent  suggestions  for  the  protection  of 
food  products  in  transit  in  his  bulletin  on  "  Protection  of  food  products  from 
injurious  temperatures'*  (6).  Not  only  is  a  luiowledge  of  ellmntoiogical 
conditions  essential  in  taking  precaution  against  loss  in  transportation,  but 
weather  records  are  playing  an  increasingly  important  part  in  the  settlement 
of  claims  for  products  and  property  damaged  in  transit.  The  claim  agents  of 
the  leading  transportation  companies  and  the  traffic  managers  of  the  commis- 
sion houses  and  producers'  associations  keep  complete  files  of  climatological 
data,  and  a  large  percentage  of  claims  for  damaged  goods,  whether  they  be  for 
a  trainload  of  chilled  bananas  or  for  a  traveling  man's  samples  ruined  by 
the  rain,  are  now  settled  out  of  court  on  the  basis  of  the  weather  records. 
Claims  for  car  demurrnge  are  often  settled  on  the  basis  of  the  weather  reports. 
A  phase  of  the  transportation  problem  to  which  the  advent  of  the  automo- 
bile has  attacted  new  attention  is  the  movement  for  good  roads.  Good  roads 
can  neither  be  built  economically  nor  maintained  successfully  without  consider- 
ation being  given  to  the  climate. 

COMMERCE. 

In  the  econohiie  relations  between  man  and  man  commodities,  property, 
labor,  all  have  a  price.  In  some  cases  the  price  is  arbitrarily  fixed,  and  very 
often  there  is  a  marked  difference  of  opinion  as  to  the  fairness  or  unfairness  of 
the  price,  but  ordinarily  it  l)ears  a  relation  to  supply  and  demand,  and  both 
supply  and  demand  are  affected  by  weather  conditions.  The  price  of  food- 
stuffs feels  very  quickly  any  decided  weather  changes  during  the  growing 
season.  It  is  said  that  some  years  ago  a  commission  merchant  in  San  Francisco 
failed  because  a  telegraph  operator  mistook  an  ''s"  for  an  "1"  in  sending  a 
weather  report  (7). 

Not  only  does  the  standard  of  values  in  specific  commercial  transactions  vary 
with  weather  conditions,  but  the  same  is  true  of  conditional  transactions.  In 
insurance  of  all  kinds  the  climate  is  a  factor  in  fixing  the  premium  and  deter- 
mining the  acceptability  of  the  risk.  This  is  partlculary  true  of  marine,  hail, 
flood,  tornado,  and  lightning  insurance,  wliere  the  loss  is  directly  due  to  stress 
of  weather,  but  the  principle  applies  also  in  fire  insurance,  where  the  velocty 
and  prevailing  direction  of  the  wind,  frequency  or  infrequency  of  rain,  depth 
of  snow  cover,  relative  humidity,  and  necessity  for  artificial  heating  all  have  a 
part  in  determining  the  hazard.  Some  life  insurance  companies  refuse  to  sell 
insurance  in  sections  where  the  climate  is  known  to  be  unhealthful. 

The  territorial  distribution  of  many  commodities  is  governed  by  climatological 
conditions,  and  this  fact  is  taken  advantage  of  by  large  merchandising  Institu- 
tions, in  planning  their  advertising  and  placing  their  salesmen,  as  well  as  in 
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locating  their  branch  houses.  It  Is  necessary  for  the  distributor  of  farm  Imple- 
ments to  know  when  sleighs  will  be  needed  in  one  section  and  when  plows 
will  be  needed  in  another.  If  a  crop  failure  threatens  in  a  certain  section  special 
attention  is  given  to  credits  in  that  section.  The  clothing  merchant  must  know 
when  raincoats  will  be  needed  and  where  there  will  be  a  d^nand  for  dusters. 
The  fact  that  women  in  San  Francisco  wear  veils  because  of  the  wind,  and 
the  women  of  Los  Angeles  do  not  wear  them  because  of  the  absence  of  hi^ 
wind,  is  Important  to  the  distributor  of  women's  furnishings. 

In  the  pursuit  of  trade  uninterrupted  communication  is  desirable,  hence 
delayed  mails  or  obstructed  telegraph  service,  due  to  the  occurrence  of  a  storm, 
may  result  in  serious  commercial  loss.  A  large  mail-order  house  in  Chicago 
finds  it  necessary  to  put  on  a  night  force  to  handle  the  Increased  mail  which 
accompanies  the  advent  of  a  period  of  bright  weather  following  a  storm  in 
some  part  of  its  territory. 

In  the  storage  of  perishable  products,  climate  is  an  Important  factor.  By 
carefully  studying  the  temperature,  wind,  humidity,  etc.,  and  building  and 
operating  in  accordance  with  the  results  of  such  study.  It  has  been  found 
possible  in  some  sections  to  maintain  the  proper  temperature  and  humidity  In 
fruit  storage  warehouses  without  artificial  refrigeration.  Where  the  air  Is 
sufficiently  dry,  water  may  be  kept  cool  In  porous  rec^tacles,  and  food  may  be 
preserved  in  iceless  refrigerators. 

While  conventions,  fairs,  etc.,  are  not  usually  held  for  purely  commercial 
reasons,  yet  they  may  have  a  certain  commercial  value  to  the  localities  where 
held.  Certain  cities  have  received  no  little  commercial  gain  because  of  pos- 
sessing climates  favorable  for  such  gatherings. 

M  ANUFACTUBINO. 

There  are  many  manufacturing  processes  that  are  carried  on  successfully 
and  profitably  only  under  certain  cllmatologlcal  conditions.  Key  West  and 
Tampa,  Pla.,  have  been  cigar-manufacturing  centers  because  of  the  mild,  damp 
climate.  Studies  of  humidity  and  temperature  have  been  made  at  Tampa  with 
a  vie\^  to  reproducing  these  conditions  elsewhere  by  artificial  means.  A  very 
fine  grade  of  sea-island  cotton  is  grown  in  the  Imperial  Valley,  In  California, 
but  it  must  be  taken  to  the  coast  to  be  spun,  because  the  climate  of  the  Imperial 
Valley  is  too  dry.  At  Long  Beach,  Cal.,  there  is  found  an  ideal  climate  for 
spinning.  It  is  often  best  to  ship  logs  to  mills  at  some  distance  from  where 
the  trees  have  grown  In  order  that  the  sawing  and  seasoning  may  be  done 
under  more  favorable  weather  conditions.  As  an  illustration  of  the  cllmato- 
loglcal details  necessary  to  be  considered  it  may  be  stated  that  in  piling  lumber 
to  be  seasoned  the  prevailing  direction  of  the  wind  is  considered.  In  the 
manufacture  of  prepared  paints  different  combinations  of  materials  are  used 
for  paints  intended  for  use  under  different  climatological  conditions.  In  some 
cases  the  location  of  a  factory  is  determined  by  the  nearness  to  a  supply  of  raw 
material  and  in  other  cases  by  the  availability  of  water  power,  both  of  which 
are  intimately  related  to  climatology. 

HEALTH    AND    EFFICIENCT. 

In  all  economic  relations  the  human  factor  is  large.  Health,  ambition,  alert- 
ness, efficiency,  determine  largely  the  value  of  the  individual  to  society  and 
that  these  are  affected  by  climate  no  one  can  doubt. 

Many  diseases  thrive  only  within  certain  climatological  limits.  In  some 
cases  the  relation  is  a  direct  one,  while  in  others  it  is  indirect    Some  diseases 
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are  spread  by  insects  which  can  live  only  under  certain  climatological  condi- 
tions. Some  diseases  are  worse  in  cold  climates  than  in  warm  because  people 
live  less  in  the  oi)en  air.  Wind  may  sometimes  be  a  preventive  of  disease,  but, 
on  the  other  hand,  a  climate  which  is  so  free  from  wind  that  people  can  live  and 
sleep  in  the  open  air  has  distinct  advantages  from  the  standpoint  of  health- 
fulness.  In  the  treatment  of  pulmonary  tuberculosis  this  fact  is  well  recog- 
nized. Humidity  is  an  important  factor  in  certain  diseases.  Altitude  has  an 
effect  upon  health  and  conduct  because  of  the  decrease  in  air  pressure,  which 
is  a  climatological  element  Certain  conditions  of  the  weather  are  conducive: 
to  crime  and  insanity. 

Not  only  do  such  marked  changes  as  are  experienced  in  going  from  one  see- 
tion  to  another  have  a  bearing,  but  very  slight  changes  are  sometimes  notice- 
able in  their  effect.  The  distribution  of  the  mosquito  that  carries  the  germ  of 
malarial  fever  is  influenced  by  local  air  drainage.  A  sufferer  from  asthma  has 
been  materially  benefited  by  removal  from  one  room  to  another  of  the  same 
hotel,  the  room  being  selected  after  comparative  readings  made  with  a 
psychrometer. 

A  recent  publication  on  The  Climate  of  Portugal,  by  Dr.  D.  G.  Dalgado,  of 
the  Academy  of  Sciences,  Lisbon,  gives  many  valuable  suggestions  as  to  the 
relation  between  climate  and  health.     (8) 

Apart  from  the  matter  of  health,  certain  climates  develop  ambition,  alertness, 
force  of  will,  while  others  tend  to  lassitude  and  tonwr.  In  addition  to  the 
question  of  personal  eflaciency  there  is  the  economic  result  of  the  congregation 
in  certain  sections  of  large  numbers  of  persons  who  are  stricken  or  threatened 
with  disease  in  the  hope  that  the  favorable  conditions  on  those  sections  will 
arrest  or  prevent  the  development  of  the  trouble.  Health  and  ability  being 
equal,  there  may  be  a  marked  lessening  of  the  efficiency  of  labor  because  of 
weather  conditions  unfavorable  for  the  progress  of  work.  This  becomes  an 
Important  factor  in  all  out-door  occupations. 

RBCBEATTON. 

Recreation  has  a  distinct  bearing  on  efficiency,  and  is  thus  an  economic 
factor,  but  there  is  a  more  direct  relation  which  arises  from  the  fact  that  many 
forms  of  amusement  and  recreation  have  become  commercialized.  Such  amuse- 
ments and  sports  as  are  carried  on  in  the  open  air  are  necessarily  governed 
more  or  less  by  climate.  Surf  bathing  is  generally  confined  to  the  warmer 
months,  but  in  some  favored  sections  may  be  enjoyed  throughout  the  year. 
Skating,  tobogganing,  snowshoeing,  etc.,  are  necessarily  confined  to  the  colder 
sections.  Places  that  have  become  known  as  having  climates  suitable  for  these 
sports  gather  no  little  profit  from  such  reputation. 

Travel  in  itself  is  a  delightful  form  of  recreation  as  well  as  a  means  of 
education,  and  the  lines  of  tourist  travel  are  largely  determined  by  climate,' 
particularly  since  the  advent  of  the  automobile.  The  European  war  and  the 
opening  of  the  Panama  Canal  have  brought  the  attention  of  the  tourist  to  tlie 
American  Continent,  and  any  region  which  possesses  good  roads,  good  scenery, 
and  a  good  climate  is  sure  to  become  the  beneficiary  of  an  important  tourist 
trade. 

The  character  of  public  entertainments  varies  with  the  season  and  with  the 
climate.  The  theater  season  is  in  winter,  while  the  Chautauqua  and  the  circus 
flourish  in  the  summer. 

The  most  important  present-day  phase  of  the  amusement  question  is  the 
development  of  the  moving-picture  industry.  Los  Angeles  has  become  the 
photo-play  center  of  the  United  States  because  of  the  climate,  which  permits 
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the  companies  to  operate  Dearly  every  day  in  the  year.  Moreov^,  the  climate 
Is  such  that  there  is  a  wide  variety  of  vegetation — an  important  factor  In 
securing  proper  back^ounds  for  the  staging  of  photo  plays. 

MIBCELLANEOU8. 

There  are  certain  meteorological  phenomeua  that  are  much  dreaded. 
Among  these  may  be  meutionetl  the  tropical  cyclone,  the  tornado,  the  severe 
thunderstorm,  and  the  so-called  blizzard.  A  region  that  can  be  shown  to  be 
free  from  such  phenomena  will  attract  residents  because  of  this. 

Astronomical  observations  are  best  made  under  certain  climatological  con- 
ditions, and  the  location  of  observatories  with  this  point  in  view  is  a  source 
of  commercial  gain  to  the  places  where  they  are  established. 

In  the  work  of  conserving  and  restoring  the  forests  the  study  of  climate  Is 
essential. 

One  of  the  most  important  of  the  uses  of  climatological  records  is  in  tlie 
courts.  Mention  has  already  been  made  of  the  settlement  of  claims  for  damage 
of  goods  in  transit  In  many  other  forms  of  litigation  the  temperature, 
humidity,  cloudiness,  rainfall,  snowfall,  or  the  condition  of  the  streets  may 
have  an  important  bearing,  and  the  public  weather  records  are  introduced  as 
evidence  in  thousands  of  cases. 

CONCLUSION. 

In  this  paper  no  mention  has  been  made  of  the  value  of  weather  forecasts, 
for  the  reason  that  forecasting  is  meteorological  rather  than  climatological, 
and,  moreover,  the  topic  is  one  that  has  been  less  neglected  than  those  dis- 
cussed herein. 

As  was  indicated  in  the  Introduction,  It  has  been  Impossible  to  treat  the 
subject  exhaustively  or  to  do  more  than  suggest  a  few  of  the  many  ways  in 
which  climatology  is  related  to  the  efforts  of  man  to  maintain  or  to  better  his 
economic  status.  To  pursue  the  subject  to  its  logical  conclusion  is  to  find  that 
there  is  scarcely  a  phase  of  economic  life  that  is  unrelated  to  climatology,  and 
that  there  are  few  lines  of  scientific  study  which  promise  greater  returns  from 
an  economic  standpoint. 
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The  Chairman.  This  very  interesting  paper  is  now  open  for 
discussion.  We  emphasize  again  the  economic  value  of  meteorological 
work  and  climatological  data  and  meteorological  information.  It 
seems  that  meteorological  services  can  best  be  organized  only  under 
some  sort  of  government  control  and  appropriation.  It  is  sometimes 
a  little  difficult  to  get  appropriations  for  things  that  do  not  seem  to 
have  an  immediate  practical  value,  and,  I  think,  emphasis  may  well 
be  laid  upon  the  economic  value  of  meteorological  work  in  securing 
I^slation  in  support  of  it. 

Mr.  J.  Warren  Smfth.  The  author  of  the  paper  spoke  about  two 
or  three  things  that  I  would  like  to  emphasize.  One  is  the  effect  of 
the  weather  upon  insect  pests.  In  Ohio  I  have  made  some  study  of 
the  effect  of  the  weather  upon  the  Hessian  fly,  the  chinch  bug,  and  the 
gmbworm,  the  last  two  of  which  damage  com ;  and  while  I  do  not 
now  remember  the  particular  figures,  the  weather  has  a  definite  in- 
fluence upon  the  damage  done  by  all  of  those  insects,  and  it  can  be  de- 
termined a  considerable  time  in  advance. 

Mr.  Wells  has  mentioned  the  importance  of  knowing  the  rainfall, 
and  the  amount  of  water  available  for  power  plants  as  well  as  for 
irrigation.  I  have  in  mind  one  large  and  very  expensive  power  plant 
in  Ohio  that  is  practically  worthless,  because  it  does  not  have  water 
enough  to  run  the  plant  more  than  a  short  time  in  dry  weather,  and  it 
has  to  stand  idle  for  a  month  or  six  weeks  in  the  dry  season.  The 
money  spent  in  constructing  it  was  practically  thrown  away. 

I  wonder  whether  we  have  a  suggestion  in  the  matter  of  air-cooled 
refrigerating  plants  in  Nansen's  book,  Through  Siberia,  published 
just  a  short  time  ago?  I  remember  in  one  place  he  speaks  of  a 
mountain  that  was  tunneled  through  in  a  region  where  the  ground 
is  not  permanently  frozen,  but  the  mountain  itself  is  frozen  250  feet 
deep,  from  the  top  down.  Remember  it  is  in  a  region  where  the  soil 
is  not  permanently  frozen,  but  they  found  this  mountain  itself  was 
frozen  250  feet  in  depth.  He  explains  it  by  the  construction  of  the 
rocks  in  the  mountain.  He  says  that  in  the  wintertime  the  cold  air 
settles  down  through  the  interstices,  and  if  there  is  any  warming, 
it  is  confined  to  the  surface,  and  that  is  repeated  the  next  winter,  and 
so  on  until  there  is  that  permanent  freezing  of  the  mountain  because 
of  the  construction  of  the  rocks.     It  may  be  possible  to  build  a 
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natural  refrigerating  plant  out  there  in  the  West,  where  you  can  take 
advantage  of  that  idea. 

There  are  two  uses  of  the  information  regarding  relative  humidity 
that  have  come  to  my  attention  recently  in  Columbus  which  are  quite 
interesting,  one  in  connection  with  the  making  of  picture  films. 
They  found  that  they  lost  a  good  deal  of  their  work  through  not 
knowing  the  weather  conditions  in  the  room.  Through  a  study 
which  they  have  made  they  have  found  that  it  is  a  matter  of  relative 
humidity,  and  that  they  must  artificially  control  the  relative  humid- 
ity in  the  room.  Another  was  in  the  matter  of  the  automatic  tele- 
phone. In  the  central  office  they  found  that  when  the  air  was  too 
dry  the  telephone  worked  very  poorly.  When  the  air  was  too  moist 
they  found  there  was  a  sticking  of  the  brass  parts,  which  made  the 
telephone  work  very  poorly ;  and  I  advised  ^tting  a  sling  psychrom- 
eter,  which,  I  think,  is  a  very  important  instrument  for  manufac- 
turers and  others  to  use.  They  carried  out  their  tests  in  the  room 
and  found  out  that  they  can  very  easily  control  the  relative  humidity 
in  the  room  by  letting  the  outside  air  into  it  at  times  and  by  putting 
a  slight  amount  of  moisture  into  the  room  in  the  summer  time. 
They  found  that  the  whole  difficulty  could  be  obviated  much  more 
easily  and  economically  by  using  the  sling  psychrometer. 

When  in  St.  Louis  I  found  that  Mr.  Douglas,  of  the  Simmons 
Hardware  Co.,  used  the  weather  information  more  than  any  other 
man  that  I  have  ever  heard  of.  He  would  call  up  the  officer  every 
morning  and  go  over  the  whole  United  States  as  fast  as  I  could  give 
him  the  information,  reading  the  figures  from  the  weather  map.  He 
would  ask  the  weather  conditions  here  and  there,  and  would  handle 
his  business  from  that  point  of  view.  Some  of  the  things  are  decid- 
edly interesting.  For  example,  he  said  that  down  in  the  great  cherry 
region  of  Arkansas  it  was  very  important  to  know  whether  they 
were  going  to  have  a  good  cherry  crop,  because  his  concern  must 
know  whether  the  retail  hardware  men  needed  cherry  stoners.  U]^ 
in  the  cabbage-growing  district  of  Michigan  it  is  very  important  to 
know  whether  they  will  need  the  implements  that  are  used  in  making 
sauerkraut.  He  said  that  at  certain  seasons  of  the  year,  if  they  did 
not  watch  those  things,  the  first  thing  they  knew  the  hardware  peo- 
ple would  be  out  of  these  important  things  and  they  could  not  get 
them  in  there  in  time.  He  said  that  in  North  Dakota,  South  Dakota, 
and  Minnesota  in  a  very  dry  period  the  hardware  dealers  would  be  * 
out  of  tire  bolts.  In  driving  across  the  country  the  nuts  work  loose^ 
the  tirQ  bolts  drop  out,  and  the  first  thing  they  knew  the  dealers 
would  be  out  of  them.  He  also  said  that  whenever  the  Weather 
Bureau  issued  a  cold-wave  warning  in  any  of  the  Western  States 
they  at  once  telephoned  the  supply  houses  to  see  that  the  hardware 
dealers  had  plenty  of  skates  on  hand;  and  when  a  snow  warning  was 
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issued  then  they  issued  orders  to  push  out  the  snow  shovels.  So  they 
cover  the  whole  United  States  in  a  wonderfully  interesting  manner. 
The  Chairman.  If  there  is  no  further  discussion,  I  wUl  call  on 
•Prof.  H.  C.  Frankenfield,  of  the  United  States  Weather  Bureau, 
Washington,  D.  C,  who  will  read  his  paper  on  "  Sleet  and  ice  storms 
in  the  United  States." 


SLEET  AND  ICE  STORMS  IN  THE  UNITED  STATES. 

By  H.  O.  FRANKENFIELD, 
Professor  of  Meteorology,  United  States  Weather  Bureau,  WasTUngUm,  D.  0. 

DEFINITION    OF   TERMS. 

The  term  "sleet"  has  been  variously  defined,  and  some  of  the  defini- 
tions are  manifestly  inconsistent  The  definition  adopted  by  the  Weather 
Bureau  of  the  United  States  appears  to  be  rational  and  consistent,  and  is  as 
foUows : 

Sleet  is  precipitation  that  occurs  in  the  form  of  frozen,  or  partly  frozen,  rain, 
and  is  formed  by  rain  falling  from  a  relatively  warm-air  stratum  into  and 
tlirough  another  air  stratum  that  is  sufficiently  cold  to  freeze  some  or  all  of 
the  raindrops. 

Mixtures  of  snow  and  rain  are  distinctly  not  sleet;  neither  are  mixtures 
of  hail  and  rain,  as  some  of  the  foreign  definitions  permit  Another  modifica- 
tion of  sleet,  but  not  actually  true  sleet,  is  more  correctly  known  as  "glazed 
frost,'*  the  German  "glatteis,"  or  smooth  ice.  This  is  rain  that  actually  falls 
to  the  surface  as  rain,  but  freezes  as  soon  as  it  touches  the  surface.  This 
formation  is  also  considered  as  sleet  in  the  Weather  Bureau  designation.  It 
is  most  manifest  on  telegraph  and  telephone  wires,  trees,  etc.,  and  is  the  form 
that  causes  the  greatest  damage.  The  true  sleet,  falling  as  mingled  ice  and 
rain,  does  not  cling,  and  does  not  often  cause  much  damage.  Both  forms,  how- 
ever, are  preceded  by  the  same  general  meteorological  conditions. 

The  etymology  of  the  term  "sleet"  is  uncertain  and  none  of  the  earlier  avail- 
able equivalents  conveys  any  impression  of  its  actual  physical  composition. 
Some  of  these  equivalents  are  the  middle  high  German  "sl5ze,'*  the  German 
"schlosse,"  and  the  Norwegian  "sletta,"  the  latter  meaning  "to  slap,"  and 
having  reference,  probably,  to  the  beating  or  driving  of  the  sleet  under  the 
influence  of  strong  winds.  Sleet  and  hall  are  distinct,  both  formatively  and 
structurally ;  hall  being  formed  by  a  violent  uprush  of  warm  air  into  a  much 
colder  air  mass,  occurs  almost  uniformly  during  summer  thunderstorms;  sleet 
pellets  are  not  usually  symmetrical  in  form,  while  hailstones  are  frequently 
so,  being  composed  of  a  central  nucleus  of  snow  surrounded  by  concentric 
spheres  of  water  and  snow  In  alternate  layers.  However,  for  practical  purposes 
it  is  not  a  serious  error  to  define  winter  hail  as  sleet 

The  true  sleet  usually  consists  of  considerable  water  in  addition  to  the  ice 
pellets,  the  pellets  being  of  Irregular  formation ;  but  at  times  it  consists  entirely 
of  round,  dry  pellets,  about  the  size  of  duck  shot,  which  either  remain  dry 
and  loose  on  the  surface  for  a  considerable  time,  or,  if  the  surface  is  slightly 
warmer,  unite  Into  larger  and  very  irregular  masses  of  ice.  This  has  been 
termed  "ice  rain."  The  dry  sleet  is  probably  due  to  the  unusually  low  tem- 
perature of  the  lower  air  stratum.    A  sleet  storm  of  this  character  occurred 
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at  Davenport,  Iowa,  on  March  5,  1900.  The  Ice  pellets  remained  perfectly  dry 
and  were  blown  about  by  the  strong  winds  to  such  an  extent  that  drifts,  4  or 
5  inches  in  depth,  were  noticed  in  places. 

GEOGRAPHICAL  DISTRIBUTION. 


Sleet  storms  were  found  to  be  rare  west  of  the  Rocky  Mountains  owing  to 
the  infrequent  occurrence  of  the  pressure  distribution  necessary  for  their 
formation.  For  a  similar  reason  they  are  not  common  along  the  eastern  slope 
of  the  Rocky  Mountains. 

The  region  of  greatest  frequency  was  found  to  be  over  the  lower  Missouri, 
the  lower  Arkansas,  the  middle  Mississippi,  and  the  lower  and  middle  Ohio 
valleys,  the  southern  upper  lake  and  the  lower  lake  regions.  New  England, 
the  Middle  Atlantic  States,  and  central  North  Carolina,  corresponding  in  the 
main  to  that  portion  of  the  country  traversed  by  the  principal  low-pressure 
areas,  with  the  cold  northerly  winds  to  the  northward  and  the  warm  southerly 
ones  to  the  southward,  necessary  precedents  to  sleet  formation.    As  a  rule,  the 
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sleet  and  ice  storms  appear  to  be  most  frequent  where  the  northerly  winds  and 
the  necessary  pressure  distribution  are  most  pronounced,  or,  in  other  words, 
over  regions  of  strong  cyclonic  activity  with  marked  extremes  of  temperature. 
The  area  of  maximum  frequency  (6  to  6.7  a  year)  covers  northern  and 
eastern  Missouri  and  southern  Illinois,  although  the  absolute  maximum  of  7.7 
storms  a  year  occurred  over  south-central  Pennsylvania.  (See  chart.)  An 
occasional  storm  of  moderate  character  occurred  over  extreme  northern  Florida 
and  along  the  Gulf  coast,  while  over  the  interior  of  the  South  the  annual 
average  was  less  than  2,  as  a  rule.  However,  a  local  tendency  toward  a 
higher  average  (2.7  to  3.4)  was  noted  over  the  more  elevated  regions  of  north- 
western G^eorgia  and  southeastern  Tennessee.  West  of  the  ninety-seventh 
meridian  and  over  the  northern  upper  lake  region  the  average  annual  frequency 
was  less  than  2,  as  a  rule,  except  over  southern  upper  Michigan,  where  the 
annual  average,  as  Indicated  by  the  figures    at    Escanaba,  was  4.9,  and  at 
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iDulQth,  where  the  figures  were  2.4.  The  low  averages  over  the  northern  upper 
lake  region  were  doubtless  due  to  the  equalizing  effect  of  the  water  tempera- 
tures ;  and  the  local  increases  at  Escanaba  and  Duluth  support  this  contention, 
as  the  northerly  winds  blow  entirely  frona  the  colder  land  surfaces  at  Escanaba 
and  over  only  a  small  area  of  water  surface  at  Duluth,  except  when  the  winds 
are  from  the  northeast 

The  comparatively  high  figures  of  8.4  over  the  northeastern  portion  of 
eastern  Texas  may  be  attributed  to  the  operation  of  the  same  general  condi- 
tions that  created  the  maximum  frequency  over  the  great  central  valleys,  etc 

SEASONAL   DISTRIBUTION. 

The  seasonal  distribution  of  sleet  and  Ice  storms  Is  not  very  well  defined. 
In  general,  January  and  February  are  the  months  of  greatest  frequency  over 
the  lower  Missouri,  the  middle  Mississippi  and  the  Ohio  Valleys,  the  lower 
lakes,  and  the  Middle  Atlantic  States,  while  March  and  December  are  the 
months  of  greatest  frequency  over  the  upper  lakes,  especially  the  month  first 
named.  It  should  be  remarked,  however,  that  these  upper  lake  storms  are 
rarely  so  severe  as  those  In  the  region  of  the  great  river  valleys,  and  that 
the  latter  section,  together  with  the  Middle  Atlantic  States,  probably  comprises 
the  great  belt  of  severe  sleet  storms  of  the  country.  A  fair  proportion  of  the 
storms  occurred  In  April,  all  above  latitude  42)",  except  In  a  few  Isolated 
places,  notably  on  April  28,  1906,  in  the  Panhandle  of  Texas,  and  on  April 
20,  1904,  at  Charlotte,  N.  O.,  the  latter  only  a  slight  one  Three  May  storms 
occurred  at  about  latitude  47**,  and  there  were  five  October  storms  at  widely 
scattered  places,  that  of  October  8  and  4,  1914,  at  Havre,  Mont,  of  severe 
character. 

On  the  whole  It  may  be  said  that  severe  sleet  and  Ice  storms  may  be  expected 
at  any  time  from  November  to  March,  inclusive,  and  occasionally  north  of 
latitude  42  "*  during  April  and  October.  The  probability  of  May  storms  may 
be  disregarded  on  account  of  their  very  Infrequent  occurrence. 

inCTEOItOLOOICAT.     CONDITIONS     FAVORABLE     FOB     THE     OCCURRENCE     OF     SLEET     AND 

ICB    STORMS. 

The  following  meteorological  conditions  as  Indicated  on  the  weather  maps, 
appear  to  precede  sleet  and  ice  storms : 

1.  Low  temperature  and  high  pressure  to  the  northward  (between  north- 
west and  northeast).  Seventy-two  per  cent  of  the  cases  were  well  developed 
and  28  per  cent  fairly  so.    There  were  no  failures. 

2.  Steep  pressure  and  temperature  gradients  to  the  northward  (between 
northwest  and  northeast).  Sixty-nine  per  cent  of  the  cases  were  well 
developed ;  12  per  cent  fairly  so ;  19  per  cent  failed. 

3.  Surface  temperatures  below  the  freezing  point,  usually  between  22*  and 
28*.    This  Involves  an  accurate  temperature  forecast 

Severe  sleet  with  surface  temperatures  above  the  freezing  point  Is  practically 
unknown.     , 

4.  Moderately  high  pressure  and  high  ten4;>eratares  over  the  East  Gulf  and 
South  Atlantic  States.  This  condition  was  fulfilled  In  70  per  cent  of  the  cases 
and  failed  In  30  per  cent.  A  few  of  the  highs  were  cool,  and  in  a  few  Instances 
there  was  a  southeast  low  Instead  of  a  high. 

5.  Northward  looping  of  the  Isotherms  (surface  Inversion).  This  was  true 
in  88  per  cent  of  the  cases,  with  only  12  per  cent  of  failure. 
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6.  Gentie  to  fresh  northerly  winds,  northwest  to  northeast,  increasing  by 
the  time  the  sleet  begins.  This  was  found  to  be  almost  uniformly  true.  Tlie 
winds  were  rarely  light  and  even  less  frequently  strong. 

7.  Low-pressure  trough  between  two  highs,  trending  from  southwest  toward 
northeast  The  low  center  is  usually  moving  from  the  southwest,  but  some- 
times from  the  northwest. 

This  appears  to  be  a  general  rule  except  over  the  districts  from  the  South- 
western States  northeastward  through  the  Ohio  Valley,  where  the  trou^  was 
absent  about  as  often  as  it  was  present. 

SLEET   OB    SNOW,    WHICH? 

As  the  pressure  distribution  necessary  for  sleet  and  heavy  snow  is  much  the 
same,  it  is  obvious  that,  if  this  alone  were  considered,  many  forecasts  of  heavy 
snow  must  fail  because  sleet  would  fall  instead  of  snow.  Study  of  the  question 
has  developed  that  (1)  the  steep  temperature  gradients  to  the  northward  of 
the  storm  center  usually  preceding  sleet  formation  are  not  necessarily  present 
in  advance  of  heavy  snowfall,  and  (2)  what  is  a  much  more  important  and 
probably  the  essential  point  of  difference,  the  high  temperatures  over  the  Gulf 
and  South  Atlantic  States  that  appear  to  be  essential  to  sleet  formation  are 
absent  before  and  during  heavy  snows.  A  third  and  also  Important  point  of 
difference  is  that  the  high  temperatures  over  the  Gulf  and  South  Atlantic 
States  that  precede  sleet  are  accompanied  by  southeasterly  to  southerly  winds, 
which,  coming  from  the  warm  water  surfaces,  carry  a  much  larger  water  con- 
tent than  winds  from  any  other  direction.  Out  of  84  cases  of  sleet,  29  were 
preceded  by  warm  southerly  winds  over  the  South  Atlantic  and  East  Gulf  States, 
while  out  of  48  cases  of  heavy  snows,  28  were  preceded  by  cool  weather  over 
the  South,  and  only  5  by  warm  weather. 

The  charts  accompanying  this  paper  show  the  annual  average  geographical 
distribution  of  sleet  storms  over  the  United  States  and  typical  sleet  conditions. 

Mr.  Henry.  Mr.  Chairman,  this  paper  is  an  exceedingly  interest- 
ing one  from  several  standpoints.  I  think  the  main  thought  which 
it  contains  is  that  the  precipitation  of  sleet  and  snow  is  simply  a 
question  of  temperature  distribution  in  an  area  of  low  pressure.  In 
olden  times  we  frequently  observed  on  the  weather  map  cases  of 
rainfall  with  temperatures  below  freezing,  say  26°  or  27*^  F.  or 
thereabouts.  In  such  cases  it  has  been  clearly  shown  that  there  is 
a  stratum  of  warm  air  moving  from  the  southwest  to  the  northeast, 
and  that  the  thickness  of  that  stratum  of  air,  and  the  temperature, 
vary  considerably.  The  thickness  may  amount  to  as  much  as  a  mile 
from  the  top  to  the  bottom.  Of  course  this  warm  layer  is  above  the 
colder  surface  air,  and  when  we  see  rainfall  with  temperatures  so 
low  it  is  merely  because  of  the  warmer  air  above.  Water  vapor  has 
been  condensed  in  the  form  of  rain  in  the  warm  upper  air  and  falls 
through  the  colder  air  without  changing  its  form. 

The  new  matter  in  the  paper  is  the  development  of  the  idea  that 
the  temperature  of  the  southerly  surface  winds  determines  whether 
snow  or  sleet  will  fall.  In  many  cases  the  precipitation  will  be 
heavy  snow.    Later  on  it  will  turn  to  sleet.    Sometimes,  if  the  tem- 
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Weather  chart  8  a.  m.,  February  17, 1910. 
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Weather  chart  8  a.  m.,  Feb.  10, 1916. 
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peratures  are  relatively  high  for  the  season,  the  precipitation  will 
continue  as  rain  throughout  the  storm. 

Mr.  Akctowski.  Let  us  suppose  a  given  temperature,  say  —5^  C, 
and  let  us  suppose  a  saturation  of  100  per  cent,  and  fog,  and  a 
wind  velocity  of  10  meters.  Suppose  these  conditions  are  the 
same  to-day  as  they  were  yesterday.  Now,  let  us  suppose  that  we 
have  a  glass  tube  exposed  to  the  wind.  Yesterday  we  observed  ice 
crystals  forming  on  the  glass.  To-day,  with  the  same  temperature, 
— 5^  C,  100°  of  saturation,  the  same  fog,  and  the  same  wind 
velocity,  we  will  observe  the  formation  of  Glatteis.  Now,  why  is  it 
that,  under  the  same  apparent  conditions  one  day  we  have  the  forma- 
tion of  crystalline  forms,  and  on  another  day  we  will  find  ice  forma- 
tion without  the  crystalline  structure?  This  question  bothered  me 
immensely  when  I  was  in  the  Antarctic.  There  we  had  such  condi- 
tions, and  every  day  observatimis  of  that  kind  were  made.  My 
assistants  Mr.  Dobrowolski,  devoted  very  much  time  in  trying  to 
solve  this  question,  but  did  not  succeed. 

Instead  of  a  temperature  of  —-5°  C,  we  can  take  lower  tempera- 
tures, say  —15°  C,  and  will  still  have  the  formation  sometimes 
of  a  glaze  of  ice  in  some  conditions  of  fog,  and  at  other  times  a  frost 
formation.  I  should  like  very  much  to  know  if  Prof.  Frankenfield 
has  some  explanation  for  this  fact.  I  think  it  may  be  that  the  cause 
is  due  to  the  peculiar  constitution  of  the  fog,  and  that,  according  to 
the  structure  of  the  fog  and  to  the  quantity  of  molecules  of  water  in 
each  drop,  we  will  have  one'  or  the  other.  If  the  drops  of  the  fog  con- 
tain very  few  molecules,  those  molecules  will  be  able  to  crystallize 
much  more  easily.  If  the  drops  are  more  complex,  more  like  rain- 
drops, then  we  will  have  the  formation  of  the  glazed  surface  of  ice. 
.  Of  course  this  explanation  is  of  absohitely  no  scientific  value  for  the 
present,  but  it  is  simply  a  suggestion  for  further  observations  to  be 
made. 

Mr.  Brooks.  Mr.  Chairman,  I  should  like  to  oflFer  another  definition 
of  sleet,  which  seems  to  be  implied  by  the  general  description  of 
deet  in  the  country.  Sleet  is  a  frozen  form  of  atmospheric  precipita- 
tion in  structure  intermediate  between  snow  and  hail.  This  sleet,  on 
the  one  hand,  is  denser  and  harder  than  snow  and  softer  than  hail. 
On  the  other  hand,  it  lacks  the  concentric  structure  and  is  generally 
smaller  than  true  hail.  The  formation  of  deet  apparently  results 
most  commonly  from  the  partial  melting  of  snow  flakes  in  a  warm 
stratum,  followed  by  subsequent  freezing  in  a  cold  stratum.  Sleet, 
therefore,  generally  contains  a  predominance  of  snowflakes  and  so  is 
angular;  but  rarely  sleet  is  almost  spherical,  consisting  of  almost 
spherical  drops  of  ice,  and  apparently  resulting  from  freezing  of 
raindrops. 
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In  connection  with  storms  in  the  United  States  I  should  like  to  give 
a  very  brief  summary  of  some  of  the  storms  at  Blue  Hill  Observatory* 
Out  of  178  storms  studied  at  that  observatory  between  1888  and  1914, 
48  came  in  January,  46  in  February,  40  in  March,  27  in  December, 
10  in  November,  and  7  in  ApriL  The  extreme  dates  were  November 
8  to  10, 1894,  and  April  30, 1909.  The  temperature  during  one  storm 
ranged  as  low  as  13°  C,  below  zero,  or  9°  F.  above  zero.  That  was 
the  extreme  limit  for  rain  falling  in  any  ice  storm. 

The  conditions  accompanying  ice  storms  can  be  classified  in  three 
ways,  commonly:  First,  when  warm  air  is  arriving  from  the  south, 
rising  over  cold  air  below^  formed  in  an  anticyclone.  This  condition 
happens  when  a  low  pressure  area  from  the  west-southwest  follows 
rapidly  an  intense  anticyclone. 

The  second  condition  occurs  when  you  have  a  northeast  wind  below 
a  south  wind.  On  one  occasion  at  Blue  Hill  there  was  a  south  wind 
blowing  for  several  hours,  and  from  the  north  a  low  fog  was  seen 
to  come  in  off  Boston  Bay.  This  fog  rose  in  the  air,  and  then  the  rain 
which  started  to  fall  immediately  began  to  freeze.  The  temperature 
fell  from  40  to  below  freezing  as  soon  as  the  northeast  wind  with  its 
fog  overtopped  the  hill. 

The  third  condition  is  where  cold  air  pushes  in  from  the  northwest 
underneath  a  rain  cloud.  This  happens  most  frequently  when  an 
anticyclone  follows  immediately  after  a  cyclone.  That  is,  the  cold 
air  rises  before  it  stops  raining  from  the  clouds  above.  In  178  storms 
these  three  types  occurred,  sometimes  all  in  one  storm.  The  occur- 
rence of  the  northeast  type  was  116  times,  of  the  south  type  67  times, 
and  of  the  northwest  type  69  times. 

I  want  to  mention  that  the  weather  map  shows  that  yesterday 
there  was  a  slight  ice  storm  at  New  York.  There  was  a  cyclone 
south  of  the  anticyclone.  The  northeast  type  occurs  most  frequently 
when  there  is  a  cyclone  crowded  on  the  north  by  an  anticyclone. 
That  condition  was  true  yesterday. 

Mr.  Blair.  I  should  like  to  speak  on  the  same  point  that  was 
brought  out  by  Mr.  Arctowski.  I  have  a  photograph  of  a  formation 
that  took  place  on  a  branch  in  about  14  or  15  hours.  During  this 
time  the  photograph  shows  that  there  was  a  succession  in  the  forma- 
tion of  ice  and  frost.  There  were  times  when  I  suppose  the  fog 
particles  were  large,  almost  like  very  fine  rain.  At  any  rate  there 
was  a  succession  of  dryness  and  wetness  in  the  fog,  which  seemed 
to  account  for  the  peculiar  formation. 

Another  point  of  which  I  want  to  speak  in  connection  with  the 
paper  relates  to  its  economic  aspect,  which  has  been  considered.  We 
have  observed  these  storms  at  Mount  Weather,  especially  in  their 
effect  on  fruit  and  forest  trees.    The  damage  done  the  trees  is  of 
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two  sorts.  If  the  wind  is  very  high  after  the  storm  ceases,-the  small 
twigs  are  broken  off.  If  there  is  very  little  wind  after  an  ice  storm 
and  especially  if  there  is  bright  sunshine,  we  find  th^  large  branches 
broken.  The  wind  whips  off  the  small  twigs,  because  of  the  weight 
of  the  ice,  but  when  the  wind  is  moderate  after  the  storm,  the  ice 
remains  on  the  trees  and  the  difference  in  the  expansion  of  the  heavy 
ice  coating,  ai^d  the  expansion  of  the  branches  owing  to  temperature 
change,  results  in  the  breaking  of  very  large  branches,  I  have  seen 
branches  6  or  8  inches  in  diameter  broken  off  from  a  tree  in  this 
way.  The  weight  of  the  ice  was  not  anything  like  sufficient  to  pro- 
duce this  result,  and  I  assume,  therefore,  that  it  must  have  been  the 
difference  in  the  expansion  of  the  ice  and  the  wood.  I  think  the 
coefficient  of  expansion  of  the  ice  is  something  like  10  times  that 
of  the  branch. 

The  Chairman.  I  wish  we  had  more  time  to  discuss  the  matter 
of  the  definition  of  sleet.  There  is  a  great  deal  that  may  be  said 
about  the  use  of  the  word.  The  way  in  which  it  is  used  by  engineers 
and  others  very  largely  tends  toward  a  complication  of  the  condi- 
tions which  we  call  ice  storms.  Engineers  are  very  much  interested 
in  these  atmospheric  phenomena,  because  of  the  damage  to  trans- 
mission lines  and  other  structures,  and  they  nearly  always  apply 
the  word  "sleet"  to  the  condition  that  produces  this  damage.  It 
seems  therefore  necessary  that  scientists  should  accept  a  definition 
that  is  more  or  less  in  accord  with  the  popular  use  of  the  term. 

The  next  paper  on  the  program,  "  Forecasts  of  weather  favorable 
to  an  increase  of  forest  fires,"  is  by  E.  A.  Beals,  of  the  United  States 
Weather  Bureau,  Portland,  Oreg. 


FORECASTS   OF   WEATHER   FAVORABLE   TO   AN   INCREASE   OF 

FOREST  FIRES. 

By  EDWARD  A.  BEALS. 
District  Forecaster,  U,  8,  Weather  Bureau,  San  Francisco,  Cal, 

HISTOBICAL. 

Forest  fires  have  occurred  ever  since  there  were  forests,  but  organized  efforts 
In  tlie  United  States  to  prevent  or  control  them  have  only  become  operative  In 
recent  years.  The  early  settlers  in  New  England  and  Pennsylvania  made  provi- 
sion among  their  laws  for  the  preservation  of  the  forests  (1),  but  these  laws 
did  not  long  survive,  as  a  revulsion  of  feeling  soon  took  place,  and  from  that 
time  to  this  the  forests  have  been  considered  an  enemy  rather  than  a  friend 
by  most  of  the  early  settlers  in  all  parts  of  the  United  States. 

Forest  protection  first  came  prominently  before  the  public  in  1873  (1),  when 
the  American  Association  for  the  Advancement  of  Science  passed  a  resolution 
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calling  upop  the  National  Government  to  investigate  the  forest  situation  in 
the  United  States  and  to  move  accordingly.  The  Commissioner  of  Agriculture 
organized  such  an  inquiry  in  1876,  and  since  that  time  various  laws  have  been 
adopted  by  Congress,  as  well  as  by  the  legislatures  of  different  States,  having 
as  their  object  the  conservation  of  forests. 

On  February  22,  1897,  the  President  set  aside  for  administrative  purposes 
some  22,000,000  acres  of  forested  land,  and  on  July  1,  1905,  after  some  revision 
of  boundaries  had  been  made,  it  all  came  under  the  supervision  of  the  newly 
created  Forest  Service,  which  was  assigned  a  place  in  the  Department  of  Agri- 
culture. Shortly  after  the  Forest  Service  was  organized  fire  protection  became 
a  leading  branch  of  work  among  its  officers,  and  within  the  last  10  years  great 
progress  has  been  made  in  the  efficiency  of  fire  protective  agencies,  which 
now  include  those  operated  by  different  States  and  associations  as  well  as 
by  the  Forest  Service. 

As  a  matter  of  historical  Interest,  attention  is  invited  to  the  fact  that  so 
long  ago  as  in  1882  the  Weather  Bureau,  then  known  as  the  Signal  Corps, 
published  a  detailed  report  on  the  Michigan  forest  fires  that  occurred  In 
1881  (2).  These  fires  destroyed  nearly  $2,000,000  worth  of  property  and  killed 
138  people.  The  Government  report  covering  these  losses  undoubtedly  did 
much  toward  awakening  the  public  to  the  necessity  of  taking  protective  meas- 
ures to  prevent  such  serious  calamities  in  the  future. 

The  cooperation  of  the  Weather  Bureau  in  forecasting  fire  weather  was 
first  requested  of  the  honorable  Secretary  of  Agriculture  on  June  23,  1913,  by 
the  Western  Forestry  and  Conservation  Association,  but  shortly  prior  to  this 
time  (June  20,  1913)  tentative  arrangements  had  been  made  with  the  district 
forecaster  at  Portland,  Oreg.,  to  furnish  the  district  forester  in  charge  of  the 
national  forests  in  Oregon  and  Washington  with  forecasts  of  high  east  winds 
when  the  conditions  were  favorable  for  them.  The  forest  people  wanted  these 
forecasts  because  they  thought  that  by  being  informed  in  advance  of  the 
occurrence  of  dang^ous  winds  they  would  have  more  time  to  arrange  their 
forces,  to  combat  resulting  fires  and  thereby  be  able  to  save  property  that 
otherwise  would  be  destroyed.  The  service  was  sanctioned  by  Prof.  Charles 
F.  Marvin.  Chief  of  the  Weather  Bureau,  on  July  12,  1913,  and  the  first  fore- 
cast was  issued  from  Portland,  Oreg.,  on  July  18,  1913. 

Notwithstanding  the  Weather  Bureau  took  an  early  interest  in  forest  fires, 
nothing  further  was  done  by  that  service  in  this  connection  until  1913,  and  the 
literature  on  the  influence  of  weather  on  forest  fires  is  meager  except  in  the 
wuy  of  generalities,  and  generalities  are  of  very  little  scientific  value. 

DROTJGHTS  AND  HOT  \\TL\THEK. 

When  the  forest  litter  is  wet  It  Is  hard  to  start  a  forest  fire ;  when  dry  it  is 
easy ;  therefore  a  prerequisite  of  a  forest  fire  is  a  drought.  Drought  has  never 
been  defined  in  definite  terms,  but  the  common  meaning  is  long-continued  dry 
weather,  especially  so  long  continued  as  to  cause  vegetation  to  wither.  Vege- 
tation withers  when  deprived  of  moisture  and,  while  lack  of  rain  Is  essential, 
another  important  factor  is  evaporation.  When  evaporation  is  rapid  the  injuri- 
ous effects  of  dry  weather  are  intensified,  and  when  it  is  slow  they  are  miti- 
gated. The  amount  of  evaporation  depends  upon  a  number  of  things,  the  most 
important  of  which  from  a  meteorological  standpoint  are  humidity,  tempera- 
ture, wind,  and  barometric  pressure  (3). 

Evaporation  is  accelerated  when  the  humidity  and  pressure  are  low  and 
the  temperature  and  wind  are  high.     As  there  are  no  means  of  correctly 
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measuring  evaporation  from  a  forest  cover,  it  is  necessary  to  consider  the 
factors  causing  rapid  evaporation  in  order  to  determine  the  extent  of  the  fire 
danger  to  which  a  forest  is  exposed.  Of  these  factors,  which  consist  of  low 
humidity,  low  pressure,  high  temperature,  and  high  wind,  the  Weather  Bureau 
furnishes  the  public  with  predictions  of  the  two  most  essential,  viz,  high  tem- 
peratures and  high  winds. 

Of  the  remaining  factors,  that  of  low  pressure  exerts  a  minor  influence  on 
evaporation,  and  while  not  specifically  included  in  the  forecasts  the  areas  of 
low  pressure  are  usually  descril)ed  in  the  notes  accompanying  weather  maps, 
and  the  maps  show  their  location  as  well.  When  fire  weather  forecasts  are 
made,  the  locations  and  movements  of  both  the  low  and  high  pressure  areas 
are  included  in  each  forecast 

No  attempt  has  been  made  to  predict  humidity,  but  it  is  understood  by  the 
public  on  the  Pacific  slope  that  when  hot  weather  prevails  the  humidity  will 
be  low,  and  a  prediction  of  hot  weather  during  a  drought  practically  covers 
both  elements. 

High  winds  in  combination  with  drought  cause  far  greater  losses  through 
their  infiuence  in  fanning  the  flames  than  in  their  effect  on  evaporation ;  there- 
fore, they  should  be  treated  separately,  which  leaves  high  temperatures  during 
droughty  periods  as  one  of  the  principal  elements  requiring  attention  when 
making  predictions  of  weather  favorable  to  an  increase  of  forest  fires. 

HIGH    WINDS. 

Should  the  wind  increase  to  a  moderate  breeze,  or  stronger,  as  defined  by  the 
Beaufort  scale,  it  is  almost  impossible  to  extinguish  a  forest  fire.  Moderately 
high  winds  from  any  direction  are  dreaded  by  forest-fire  fighters,  but  in  the 
Pacific  States  those  from  an  easterly  direction  are  dreaded  more  than  those 
from  any  other  direction,  as  they  are  invariably  parching  winds  that  sap  the 
vitality  of  the  trees  and  rapidly  dry  out  the  leaf  litter  and  duff. 

There  are  three  classes  of  winds  on  the  Pacific  slope  that  blow  at  times  at 
as  great  or  at  a  greater  velocity  than  a  moderate  breeze.  They  are  cyclonic 
winds,  mountain  and  valley  breezes,  and  land  and  sea  breezes.  Both  the 
mountain  and  valley  and  the  land  and  sea  breezes  are  greatly  modified  by 
those  due  to  cyclonic  action. 

The  cyclonic  winds  can  be  forecast  without  much  difficulty,  but  the  varia- 
tions that  take  place,  both  in  their  direction  and  velocity,  on  account  of  the 
Infiuence  of  other  breezes,  as  well  as  the  defiections  that  take  place  because 
of  topography,  usually  cause  unsatisfactory  verifications.  It  is  the  cyclonic 
winds  that  are  now  being  predicted  when  it  is  thought  they  will  be  sufficiently 
strong  to  be  the  dominating  factor,  and  by  sufficiently  strong  is  meant  winds 
having  a  velocity  of  15  or  more  miles  an  hour. 

FTBES   CAUSED  BT   LIGHTNING. 

The  only  uncontrollable  cause  of  forest  fires  is  lightning,  which,  as  everyone 
knows,  is  the  distinctive  feature  of  thunderstorms.  One  would  think  that  the 
rain  attending  the  thunderstorm  would  put  out  any  fire  that  might  be  started 
by  lightning,  but  often  there  is  so  little  rain  that  this  is  not  the  case. 

Forest  Service  statistics  show  that  for  the  period  from  1908  to  1914,  inclusive, 
there  were  3,548  fires  known  to  have  been  started  by  lightning  in  the  ns^tional 
forests  in  Oregon,  Washington,  Alaska,  Montana,  Idaho,  Wyoming,  CJolorado,  and 
the  western  portion  of  the  Dakotas,  which  makes  an  average  of  slightly  over 
600  a  year. 
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Very  little  has  been  done  by  the  Weather  Bureau  toward  predicting  tbe 
thunderstorms  that  create  the  lightning  which  sets  fire  to^  forests,  for  the 
following  reasons:  Rapid  vertical  convection  of  humid  air  is  essential  to  tbe 
generation  of  thunderstorms,  and  Prof.  W.  J.  Humphreys  (4)  gives  three  vsray« 
in  which  this  circulation  can  be  established,  as  follows  : 

(a)  Strong  surface  heating,  especially  in  regions  of  light  winds;  a  frequent 
occurrence. 

(&)  The  overrunning  of  one  layer  of  air  by  another  at  a  temperature  suffi- 
ciently lower  to  induce  convection ;  well  nigh  the  sole  cause  of  ocean  thunder^ 
storms,  and  also  of  frequent  occurrence  on  land. 

(c)  The  underrunnlng  and  consequent  uplift  of  a  saturated  layer  of  air 
by  a  denser  layer;  a  frequent  occurrence  to  a  greater  or  lesser  extent,  ami 
presumably  therefore  at  least  one  of  sufficient  magnitude  to  produce  a  thunder- 
storm. 

The  first  method  is  the  most  favorable  for  thunderstorms  in  mountainous 
regions  where  the  forests  are  situated,  and  weather  forecasting  is  not  far 
enough  advanced  to  make  satisfactory  predictions  of  this  dass  of  storms. 
Thunderstorms  generated  by  the  second  or  third  method  can  generally  be 
predicted,  but  as  they  seldom  occur  during  the  season  for  fires  in  the  forested 
sections  west  of  the  Rocky  Mountains,  there  is  not  often  an  occasion  for  pre- 
dicting them. 

TYPES    OF    WEATHEB    CAUSING    F0BE8T    FIBB8    TO    SPBEAD    RAPIDLY. 

Figures  1,  2,  8,  and  4  illustrate  weather  conditions  prevailing  a  few  hours 
prior  to  four  of  the  most  notable  forest  fires  in  recent  years,  and  each  one 
will  be  briefly  described.^ 

The  Michigan  fire  caused  the  death  of  188  people  and  a  property  loss  whicb 
was  estimated  to  be  about  $2,000,000.  The  principal  burnt  district  was  in 
the  eastern  part  of  the  State,  between  Saginaw  Bay  and  Lake  Huron.  It  was 
during  the  early  afternoon  of  S^tember  5,  1881,  when  the  fire  got  beyond 
control,  and  the  weather  map  for  that  day,  based  upon  observations  taken  at 
7  a.  m.,  Washington  time,  is  shown  in  figure  1. 

This  weathar  map  discloses  a  common  type  of  cyclone,  of  no  great  energy* 
with  V-shaped  characteristics,  which  was  central  over  eastern  Lake  Superior. 
The  gradients  to  the  south  and  east  were  sufficient  to  cause  southwesterly 
winds  of  20  to  25  miles  an' hour  in  the  neighborhood  of  the  fire.  These  winds 
could  have  easily  been  predicted  on  the  preceding  day,  and  it  Is  probable 
they  were,  as  the  low  pressure  area  was  then  central  over  the  Red  River 
Valley  of  the  North,  and  it  was  moving  along  the  usual  track  toward  the  Lake 
region.  The  fire  fighters  at  that  time  were  not  organhsed  to  take  advantage 
of  weather  predictions,  therefore  a  forecast  of  a  fresh  breeze  would  not  have 
been  of  much  benefit  if  it  had  been  mada 

The  Hinckley  fire,  while  comparatively  small  in  area,  caused  a  greater  loss 
of  lives  than  any  of  the  others;  the  persons  killed  numbered  418  and  the 
property  destroyed  was  valued  at  approximately  $1,000,000.  This  fire  occurred 
in  the  east  central  portion  of  Minnesota  on  September  1, 1894,  and  the  weathw 
map  at  8  a.  HL  on  that  date  is  shown  in  figure  2.  The  cyclone  causing  the 
winds  was  central  over  western  North  Dakota  and  southern  Saskatchewan* 
The  gradients  to  the  southeast  ware  such  as  to  cause  only  brisk  southwesterly 
winds  in  the  neighborhood  of  the  fire,  which  is  confirmed  by  a  maximum 
velocity  on  that  day  of  20  miles  from  the  southwest  at  Duluth,  Minn.,  only 
70  miles  away. 

The  weather  map  on  the  preceding  morning  disclosed  a  small  secondary  de- 
pression over  southeastern  Montana,  with  the  main  part  of  the  disturbance  just 

^Figures  omitted. 
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coming  within  the  field  of  observation  to  the  northwest  The  winds  attend- 
ing this  cyclone  could  also  have  been  predicted  if  it  had  been  known  that  such 
a  prediction  would  have  served  any  useful  purpose,  which,  owing  to  the  lack 
of  organization  among  the  fire  fighters,  was  not  at  that  time  in  evidence. 

The  third  great  fire,  which  is  known  as  the  Columbia  fire,  occurred  on  the 
west  side  of  the  Cascade  Mountains  in  the  neighborhood  of  Portland,  Oreg. 
This  fire  had  been  burning  for  some  time,  and  it  was  under  more  or  less 
control  until  September  8,  1002,  when  the  winds  so  increased  that  the  fire 
fighters  could  not  prevent  its  onward  progress.  There  were  18  lives  lost  in  the 
Columbia  fire,  and  pr(^)erty  amounting  to  $12,767,100  was  destroyed.  The 
maximum  wind  velocity  at  Portland,  Oreg.,  30  miles  from  the  fire,  was  24 
miles  from  the  northeast  on  the  day  the  fire  got  beyond  control. 

Figure  3  shows  the  meteorological  conditions  prevailing  on  the  morning  of 
September  8,  1902.  There  was  no  well-defined  cyclone  near  or  approaching 
the  region  where  the  fires  prevailed,  but  instead  that  locality  was  under  the 
influence  of  a  large  anticyclone  which  was  central  over  the  State  of  Washing- 
ton. The  principal  cyclone  within  the  field  of  observation  on  that  day,  but 
which  is  not  shown  in  the  figure,  was  trough-shaped,  and  it  extended  from 
the  Texas  Panhandle  northeastward  to  Lake  Superior,  with  the  greatest 
activity  in  the  latter  region.  The  gradients  causing  the  winds  that  affected  this 
forest  fire  sloped  toward  the  so-called  permanent  summer  low-pressure  area 
overlying  the  interior  of  California. 

In  predicting  winds  under  the  conditions  prevailing  at  that  time,  the  fore- 
caster would  receive  his  first  intimation  of  their  possibility  through  tlie  presence 
of  an  approaching  anticyclone,  rather  than  a  cyclone,  as  was  the  case  in  the  two 
preceding  illustrations.  Furthermore,  as  anticyclones  are  usually  associated 
with  gentle  winds  (5),  the  prediction  of  high  winds  or  even  a  fresh  breeze 
under  these  conditions  presents  difficulties  requiring  the  greatest  care  to  pre- 
vent the  prediction  from  being  a  failure.  Whether  the  winds  in  this  particular 
instance  were  predicted  is  not  known  by  the  writer,  but  if  they  were  it  is 
doubtful  if  the  forecast  was  of  benefit  to  the  fire  fighters,  as  they  were  not 
much  better  organized  at  that  time  than  in  the  previous  cases  that  have  been  cited. 

The  fourth  and  last  great  fire  to  be  illustrated  occurred  in  northern  Idaho. 
It  burned  over  about  2,000,000  acres  of  woodland  and  killed  85  persons.  This 
fire  first  became  alarming  on  July  0,  1010,  when  a  hot  wind  from  the  southwest 
began  to  blow,  which  quickly  caused  the  fire  to  spread  beyond  the  trenches, 
and  it  continued  to  burn  furiously  until  the  supply  of  fuel  gave  out  on  the 
next  day. 

Figure  4  shows  the  weather  conditions  prevailing  the  morning  of  the  day 
when  the  winds  began  to  blow.  A  cyclone  was  central  over  the  Canadian 
Northwest,  and  the  front  of  an  anticyclone  was  just  making  its  appearance 
along  the  northern  California  coast  A  forecast  could  have  been  made  from 
the  data  on  this  map  for  a  moderate  southwest  breeze  during  that  afternoon, 
but  the  weather  map  issued  on  the  morning  of  the  preceding  day  did  not  con- 
tain sufficient  information  upon  which  to  base  a  prediction  of  anything  more 
than  light  winds,  while  the  maximum  wind  velocity  at  Spokane,  only  55  miles 
distant,  was  23  miles  from  the  southwest  on  the  day  in  question. 

From  the  foregoing  illustrations  it  can  readily  be  seen  that  the  dangerous 
conditions  in  every  case  were  due  to  a  small  increase  in  the  velocity  of  the 
wind,  which  could  liave  been  predicted  a  day  ahead  for  the  Michigan  and 
Hinckley  fires  and  probably  about  six  hours  ahead  for  the  others.  The  winds 
causing  the  rapid  spreading  of  three  of  the  fires  were  those  associated  with 
cyclones,  while  in  the  remaining  case  they  were  those  associated  with  anti- 
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cyclones.  The  latter  type  is  of  most  frequent  occurrence  as  well  as  the  most 
dangerous  in  Oregon,  Washington,  and  California,  because  the  winds  generated 
by  this  type  are  always  very  dry  and  warm. 

ACTUAL   FISE   WEATHER   F0BBCA8T8. 


Fig.  6.— Weather  map  for  July  15, 1914,  8  a.  m.,  aeTcaty<flftti  nMridlln  time.   isobars;  O  cieu; 

3  partly  cloudy;  #  cloudy;  R  rain.    Anowi  fly  with  the  wfaid. 
Special  Wasnino.— High  oyer  Vanoouvw  Island  moFing  slowly  eastward;  low  over  Saskatchewan 
moving  slowly  southeastward.    Moderate  westerly  winds,  slowly  Hfanfafahfng  veering  to  northerly  2 
and  probably  becoming  northeasterly  Friday.    Steadily  rfeing  temperature  for  next  three  days. 
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Fig.  6.— Weather  map  for  July  10,  •1914,  8  a.  m.,  soveny-fifth  meridian  time.  — .  isobars;  Q  clear; 
O  partly  cloudy;  #  cloudy;  R  rain.  Arrows  fly  with  the  wind. 
Special  Wabnino.— Uigh  over  British  Columbia  moving  slowly  eastward;  low  over  upper  Missis- 
sippi Valley,  moving  slowly  eastward  and  barometer  relatively  low  over  California.  Gentle  northerly 
winds  to-day  and  tOHiight,  veering  to  northeast  Friday  and  increasing.  Warmer  Friday  and  oon- 
thiued  warm  Saturday. 
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Fio.  7. — Weather  map  (or  July  17, 1914,  8  a.  zn.,  seventy-fifth  meridian  time.    — .  isobars;  O  clear; 
3  partly  cloudy;  #  cloudy;  R  rain.    Arrows  fly  with  the  wind. 
Special  Wakmino.— Large  high  extends  from  British  Columbia  southeastward  to  Nebraska  with 
aloggish  movement  eastward;  low  over  California,  stationary.    Moderate  north  to  northeast  winds 
to-day  and  Saturday;  continued  warm. 


Fio.  8  --Weather  map  for  July  18, 1914,  8  a.  m.,  seventy-flfth  meridian  time.    ..  isobars;  O  clear; 
O  partly  <  loudy;  #  cloudy;  R  rain.    Arrows  fly  with  the  wind. 
Special  Warnino.— High  has  separated  into  two  parts,  one-central  over  British  Columbia,  the 
other  over  Wyoming;  low  over  California,  stationary.    Light  variable  winds,  mostly  northerly  and 
continued  warm.    This  is  last  bulletin  unless  conditions  show  winds  will  increase. 
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Fio.  0.— Weather  map  for  August  18, 1015,  8  a.  m.,  seventj-Afth  meridian  time.   —  isobars;  Q  dean 
3  partly  cloody;  #  cloudy;  R  rain.    Arrows  fly  with  the  wind. 
Special  WARNiNo.—High  over  British  Columbia  moving  slowly  eastward;  low  over  California  sta- 
tionary.   Moderately  strong  north  to  northeast  winds  to-day  and  Thursday  with  continued  ^ 
weather.   Applicable  only  to  western  Washington  and  northwestern  Oregon. 
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Tio.  10.~Weather  map  for  August  10, 1016, 8  a.  m.,  sevaaty-fifth  meridlBn  time.  _  isobars;  O  clear; 
3  partly  cloudy;  0  cloudy;  R  rain.  Arrows  fly  with  the  wind. 
Spbciai.  WABNiifO.--6ituatlon  praetioally  nndhanged  from  yesterday.  High  over  British  Oohimbia 
moving  eastward;  low  over  Califbmia,  stationary.  Moderate  northerly  to  northeasterly  winds  to-night 
and  Friday;  continued  warm.  Applicable  only  to  western  half  of  Washington  and  northwest 
quarter  of  Oregon. 
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Fio.  11.— Weather  map  for  August  20, 1916, 8  a.  m.,  seventy-Afth  meridian  time.   _  isoban;  O  dear; 
3  partly  doody;  #cloiidy;  Rraln.   Arrows  fly  with  the  wind. 
Sfkoal  WABNnro.— No  material  ehange  in  fire  hasurd  sltnation.    High  over  British  Columbia  mor- 
Ing  slowly  eastward;  low  over  Calilornia,  nearly  stationary.    Oentle  to  modarate  northerly  breeiet; 
oontinnad  warm  with  low  humidity  naxt  twenty-fonr  to  forty-eight  hours. 


Fio.  12.— Weather  map  for  August  21, 1016, 8  a.  m.,  seventy-fifth  meridian  time.   _  isobars;  O  o^mt; 
3  partly  doudy;  #  doudy;  R  rain.   Arrows  tfy  with  the  wind. 
Srclll  Wabmino.— Fire  hacard  condition  wHI  be  less  intense  Sunday.    Winds  will  shift  to  westerlj 
with  lower  temperatures  and  greater  humidity. 
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Although  the  forecasting  of  fire  weather  began  in  the  North  Pacific  States 
during  the  summer  of  1913,  it  was  not  until  the  summer  of  1914  that  sufficient 
study  had  been  given  the  subject  to  warrant  forecasts  of  this  class  being  sys- 
tematically made.  Figures  5  to  12,  inclusive,  illustrate  the  weather  conditions 
prevailing  when  two  series  of  actual  fire  weather  forecasts  were  issued ;  one  in 
1914  and  the  other  in  1915.  The  forecasts  as  made  are  appended  at  the  bottom 
of  each  map,  and  they  are  arranged  in  sequence ;  those  numbered  5,  6,  7,  and  8 
covering  a  period  of  dangerous  weather  in  1914,  and  those  numbered  9,  10,  H, 
and  12  a  similar  period  in  1915. 

Reports  were  received  from  the  field  showing  that  these  -forecasts  were  for 
the  most  part  verified  and  that  they  were  of  benefit  to  the  fire  fighters,  but  no 
one  knows  better  than  myself  that  there  is  room  for  improvement,  and  more 
study  will  have  to  be  given  the  subject  before  any  great  advancement  can  be 
made  in  predicting  weather  favorable  for  the  spread  of  forest  fires. 

PRESENT   CONDITION    OF  THE   FIBK   WEATHEB   FOBECASTING    SERVICE   IN    THE   NORTH 

PACIFIC    STATES. 

The  present  condition  of  the  fire  weather  forecasting  service  in  the  North 
Pacific  States  can  be  summed  up  as  follows : 

The  season  for  forest  fires  includes  July,  August,  and  the  first  half  of  Sep- 
tember, though  fires  sometimes  occur  In  May  and  June. 

When  dry  weather  has  prevailed  for  a  sufficient  period  to  make  forest  fires 
possible,  which  question  is  determined  empirically,  forecasts  are  Issued  when 
the  conditions  are  favorable  for  fresh  breezes  or  for  a  spell  of  hot  weather. 

Especial  pains  are  taken  to  forecast  fresh  or  brisk  north,  northeast,  or  east 
winds,  as  they  are  always  attended  by  low  humidity,  and  are  more  dangerous 
on  that  account  than  those  from  any  other  direction. 

Each  forecast  is  worded  to  show  (a)  position  of  the  dominating  high  and 
low  pressure  areas,  (b)  apparent  direction  and  speed  of  their  movements, 
(c)  character  of  winds  and  temperature  expected  for  as  long  a  period  ahead 
as  possible,  and  (d)  such  cautionary  advice  as  thought  necessary. 

Fire  weather  forecasts  are  telegraphed  at  Government  exi)ense  to  district 
foresters  and  to  the  chief  wardens  of  forest  protective  associations,  and  by 
them  distributed  to  their  men  as  they  see  fit. 

WHAT  IS  NEEDED  TO  IMPROVE  THE  SERVICE. 

In  advancing  opinions  as  to  what  should  be  done  to  improve  the  service,  the 
conditions  in  the  North  Pacific  States  are  alone  considered.  Other  districts 
very  likely  will  require  treatment  modified  according  to  their  especial  needs. 

Knowledge  regarding  the  weather  tliat  prevails  in  the  forests  is  meager,  as 
the  reporting  stations  are  all  in  the  valleys,  often  many  miles  away,  and  the 
few  cooperative  stations  in  the  forests  are  only  equipped  with  rain  gages  and 
thermometers.  The  first  essential,  therefore,  is  to  divide  the  territory  into  con- 
venient units,  when  a  careful  meteorological  survey  of  each  should  be  made. 

This  survey  should  show  during  the  forest-fire  season  the  prevailing  winds, 
their  hourly  velocity,  the  frequency  of  gales,  daily  precipitation,  periods  of 
drought  measured  on  a  uniform  scale,  the  daily  a.  m.  and  p.  m.  humidity,  the 
maximum  and  minimum  temperatures,  and  If  possible  the  daily  rate  of  evapora- 
tion. In  addition  observations  of  thunderstorms  and  other  natural  phenomena 
should  be  made.  These  data  when  obtained  should  be  graphically  repre- 
sented on  charts,  and  correlated  with  those  forest  conditions  that  tend  to 
increase  or  diminish  the  fire  hazard,  such  as  Inflammability,  risk,  controllability. 
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liability,  and  safety.  When  this  has  been  done  it  will  be  possible  to  determine 
when  an  emergency  exists  which  will  make  necessary  the  dissemination  of  fire- 
weather  forecasts,  should  the  weather  conditions  from  that  time  on  justify 
their  being  made.  Also  there  will  be  data  available  which  will  enable  the 
forecaster  to  adjust  his  forecasts  to  meet  conditions  in  more  restricted  localities 
than  at  present. 

As  an  illustration  of  what  could  be  done  along  these  lines,  an  extract  from 
an  unpublished  report  (6)  by  Forest  Supervisor  W.  L.  Merritt  and  Mr.  W.  J. 
Sproat  from  data  obtained  without  instruments  in  the  Deschutes  forest  and 
Deschutes  division  of  the  Paulina  forests,  follows: 

1.  The  normal  wind  movement  seems  to  be  from  an  eastern  direction  in  the 
morning  and  early  forenoon,  and  from  a  western  one  In  the  afternoon.  Severe 
winds  almost  Invariably  blow  from  some  westerly  direction,  and  not  from  the 
east  as  has  sometimes  been  stated.  General  eastern  winds  apparently  are  not 
dangerous  in  this  locality. 

2.  Generally  the  wind  dies  down  at  night  and  does  not  become  severe  until 
about  10  a.  m.  the  next  day.  Every  effort  should  be  made,  therefore,  to  con- 
trol fires  before  that  hour  of  the  morning. 

3.  It  is  thought  the  ^inds  are  not  extremely  dangerous  until  after  the  velocity 
exceeds  about  15  miles  an  hour.  When  the  rate  is  this  amount  or  more  it  is 
extremely  difficult  to  control  fires  that  may  be  burning. 

4.  A  study  of  the  chart  of  general  conditions  In  Oregon  and  a  general  knowl- 
edge of  the  topography  and  conditions  throughout  the  eastern  portion  of  the 
State  seem  to  indicate  that  severe  windy  periods  come  after  the  high-desert 
region  has  become  excessively  heated  during  the  period  of  high  temperatures, 
causing  low-pressure  areas  and  resulting  in  a  strong  wind  movement  toward 
the  east. 

5.  Although  no  smoke  records  ^were  kept  last  summer,  it  was  our  general 
observation  that  smoky  conditions  were  coincident  with  severe  windy  periods, 
no  doubt  due  to  the  fact  that  eastward  air  movements  brought  in  smoke  from 
the  west  slope  of  the  Cascade  divide. 

6.  It  is  probable  there  is  some  relation  between  lightning  storms  and  the 
causes  which  precede  severe  windy  periods.  Since  no  records  were  kept  of 
lightning  storms  last  summer,  however,  this  point  can  not  be  stated  with 
certainty.    Lightning  records  will  be  kept  during  the  coming  season. 

In  another  part  of  the  report  by  Messrs.  Merritt  and  Sproat,  mention  is  made 
that,  "although  the  wind  records  for  that  day  did  not  show  that  the  conditions 
were  bad,  the  wind  really  blew  very  hard  at  the  fire  itself." 

It  Is  well  known  that  forest  fires  cause  strong  convectlonal  currents  and 
that  Inflowing  surface  winds  result  therefrom  of  greater  or  less  velocity  (7). 
This  Interesting  phenomenon  should  be  thoroughly  investigated,  as  next  to 
nothing  is  now  known  regarding  the  area  surrounding  fires  that  is  thus 
affected. 

Dry  periods  are  not  classified  and  published  by  the  Weather  Bureau,  and, 
furthermore,  there  are  at  present  only  a  few  places  in  the  forests  where  a 
record  of  the  weather  is  kept;  therefore,  very  little  is  known  regarding  actual 
periods  of  drought  In  the  timbered  regions  west  of  the  Rocky  Mountains.  That 
rainfall  on  the  Pacific  slope  increases  with  altitude  is  well  known,  also  that  the 
forests  in  that  section  are  nearly  all  located  on  the  sides  of  mountains,  con- 
sequently the  rainfall  in  the  valleys  some  distance  away  Is  a  poor  guide  upon 
which  to  base  an  estimate  of  the  amount  that  falls  in  the  more  elevated  regions 
where  the  forests  are  situated. 

The  establishment  of  weather  stations  on  mountain  slopes  where  there 
are  forests  is  difficult  of  accomplishment,  unless  the  observers  are  paid  a  salary 
sufficient  to  make  the  observation  work  their  chief  occupation,  and  to  do  this 
would  so  increase  the  cost  as  to  make  the  service  prohibitive.  There  are  so 
few  settlers  in  forested  regions  that  it  is  seldom  possible  to  obtain  the  services 
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of  a  good  observer  who  Is  willing  to  undertake  the  work  of  keeping  a  weather 
record  without  pay.  The  forest  rangers  are  not  available,  as  the  nature  of 
their  work  keeps  them  away  from  their  homes  a  good  part  of  the  time,  and 
especially  is  this  the  case  during  the  season  for  forest  fires,  when  It  Is  most 
important  that  no  breaks  occur  in  the  weather  records. 

It  is  possible,  however,  from  time  to  time  to  obtain  good  observers  in  the 
forests  who  are  willing  to  serve  without  pay,  and  when  such  an  opportunity 
occurs  it  is  believed  a  weather  station  should  at  once  be  established,  as  the 
cost  of  the  instruments  and  blanks  Is  small  when  compared  with  the  value 
of  the  data  obtained. 

Temperature  data  obtained  in  the  cities  will  represent  fairly  wellTjie  condi- 
tions prevailing  in  the  forests,  at  least  to  the  extent  that  when  the  weather 
is  warm  in  the  cities  it  will  be  relatively  warm  in  the  forests  and  vice  versa. 
It  will  not,  therefore,  be  necessary  to  establish  as  many  stations  for  recording 
temperature  in  the  forests  as  it  will  for  recording  rainfall. 

The  percentage  of  fires  started  by  lightning  is  large,  but  the  hazard  from 
this  cause  is  not  so  great  as  indicated  by  statistics,  as  lightning  seldom  sets  fire 
to  a  green  tree  (8).  After  the  snags  and  stubs  are  removed  the  danger  of 
forest  fires  from  lightning  will  be  greatly  reduced.  It  will,  however,  take 
many  years  to  remove  the  dead  trees  from  forested  areas,  and  careful  records 
of  thunderstorms  should  be  made  for  some  time  to  come. 

Thunderstorms  in  mountains  are  most  frequent  during  the  afternoon,  and 
they  are  especially  liable  to  occur  near  the  end  of  two  or  three  days  of  hot 
weather  (4).  After  sufficient  data  have  been  secured  it  may  be  possible  to 
predict  the  days  when  and  the  places  where  they  are  most  likely  to  occur. 

CONCLUSIONS. 

According  to  forest  service  statistics  (9),  forest  fires  in  the  United  States 
have  caused  an  annual  loss  of  about  70  human  beings,  the  destruction  of  trees 
worth  at  the  very  least  $25,000,000,  and  the  loss  of  stock,  crops,  buildings,  and 
other  Improvements  to  the  amount  of  many  millionfi  more.  Forest  fires  under  the 
present  system  of  control  seldom  cause  much  loss,  except  when  the  wind  In- 
creases to  15  miles  or  more  an  hour,  when  it  Is  Impossible  to  extinguish  them. 

Advanced  information  of  when  to  expect  winds  of  this  character  will  enable 
those  in  charge  of  putting  out  forest  fires  to  increase  their  fire  crews,  stop 
burning  permits,  and  to  take  other  precautionary  measures  which  might  be 
the  means  of  preventing  destructive  fires;  therefore,  it  is  believed  that  the 
effect  of  weather  on  forest  fires  is  deserving  of  careful  study  by  meteorologists 
in  all  parts  of  the  world,  and  especially  by  those  in  the  United  States,  that  a 
way  be  devised  to  improve  the  forecasts  of  wind  as  well  as  the  forecasts  of 
other  elements  that  cause  an  Increase  in  the  number  of  forest  fires. 
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shown  in  figures  5  to  12,  inclusive,  most  of  which  were  drawn  by  him  outside 
of  <^ce  hours.  For  this  service  the  writer  desires  to  express  his  grateful 
oppredatioD. 

The  Chairman.  I  think  perhaps  the  members  have  not  realizecl, 
because  of  the  modest  manner  in  which  Mr.  Beals  has  presented 
his  subject,  that  he  himself  is  one  of  the  foremost  workers  in  the 
application  of  forecasts  to  the  prevention  of  forest  fires.  The  work 
in  a  certain  sense  has  originated  in  his  district,  at  Portland,  Oreg. 
The  paper  again  illustrates  the  tremendous  economic  advantage  of 
meteorological  work  in  conservation.  I  hope  the  paper  will  be  fully 
discussed. 

Mr.  Wells.  Mr.  Chairman,  Mr.  Beals  mentioned  the  difficulty  of 
getting  accurate  meteorological  data  in  the  forests,  and  referred  to 
the  fact  that  all  the  stations  are  in  the  valleys.  I  may  mention  in 
this  connection  that  in  northern  Idaho,  a  part  of  the  territory  which 
Mr.  Beals  covers  with  these  forecasts,  there  was  established  during 
the  summer  of  1915  a  chain  of  lookout  stations.  These  stations  will 
be  manned  by  representatives  of  the  Forest  Service  during  the  sum- 
mer, particularly  during  the  period  of  fire  hazard,  and  we  have 
supplied  a  number  of  these  stations  with  the  cooperative  observer's 
outfit — ^maximum  and  minimum  thermometers,  rain  gauges,  and  other 
instruments  of  that  sort.  I  believe  that  it  would  be  best  to  install 
anemometers,  and  to  keep  a  record  of  the  velocity  of  the  wind.  That 
would  mean  that  it  would  be  necessary  to  send  a  trained  meteorolo- 
gist there  occasionally  to  inspect  the  anemometers  and  see  that  the 
records  were  properly  kept.  I  do  not  think  the  record  would  be 
satisfactory  unless  it  were  supervised  in  that  way,  but  I  feel  that  it 
would  be  well  worth  while  to  do  just  that  thing. 

Mr.  Henry.  Mr.  Chairman,  it  seems  to  me  that  Mr.  Beals  is 
attempting  a  very  highly  specialized  kind  of  forecasting.  The  con- 
ditions that  produce  forest  fires  on  the  Pacific  coast  are  not  the 
conditions  which  are  found  in  the  East.  The  problem  seems  to  be 
one  that  can  best  be  solved  by  the  forecaster  himself.  I  do  not 
believe  that  lookout  stations  will  be  of  much  assistance  in  the  matter. 
It  is  clearly  a  meteorological  problem,  and  whether  or  not  these  high 
winds  will  occur  depends  not  so  much  on  the  local  conditions  as 
upon  the  conditions  over  a  widely  extended  area.  We  must  rather 
depend  on  telegraphic  reports  from  widely  separated  points  for  the 
proper  presentation  of  the  pressure  distribution  which  will  cause 
these  winds.    Therefore,  I  think  the  problem  can  best  be  solved  by 
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reports  upon  the  pressure  distribution  as  shown  by  the  synoptic 
weather  chart. 

Mr.  Seals.  It  is  true,  as  Prof.  Henry  says,  that  this  is  a  meteoro- 
logical problem;  but  our  trouble  is  to  get  the  direction  of  the  winds 
and  their  velocity,  which  is  influenced  by  the  different  valleys 
through  which  the  winds  flow  and  the  different  elevations ;  and  unless 
we  have  some  knowledge  of  the  climatology  of  these  valleys  we  can 
not  adjust  the  forecast  to  meet  the  conditions  in  re6trid;ed  districts, 
where  they  expect  the  information  to  be  as  reliable  as  possible. 
There  is  every  reason,  therefore,  why  we  should  make  this  investiga- 
tion, to  see  what  effect  topography  has  upon  the  flow  of  the  wind. 

The  Chairman.  If  there  is  no  further  discussion  we  will  let  that 
paper  close  the  session  for  this  morning.  Subsection  B  will  now 
stand  adjourned  imtil  2.30  to-morrow  afternoon. 


SESSION  OF  SUBSECTION  A  OF  SECTION  IL 

Carnegie  Institution, 
Friday  morning^  December  31^  1915. 
Chairman,  Bobert  S.  Woodward. 
The  meeting  was  called  to  order  at  10  o'clock  by  the  chairman. 
The  Chairman.  The  first  address  of  this  session  will  be  by  Prof. 
E.  W.  Brown,  of  Yale  University,  on  "The  determination  of  the 
earth's  shape  by  simultaneous  dtxservations  in  North  and  South 
America." 


DETERMINATION  OF  THE  EARTH*S  SHAPE  BT  SIMULTANEOUS 
ASTRONOMICAL  OBSERVATIONS  IN  NORTH  AND  SOUTH 
AMERICA. 

By  ERNEST  BROWN, 
ProfesMor  of  Mathernatics,  Yale  Univer9ity,  New  Haven,  Conn. 

The  title  of  the  paper  to  a  certain  extent  indicates  the  subject,  but  only 
partially.  As  some  of  you  know,  I  have  been  engaged  for  a  good  many  years 
on  the  motion  of  the  moon,  and  as  the  gravitational  work  on  that  question  is 
practically  finished,  the  time  has  come  to  see  whether  we  can  not  make  some 
use  of  it  In  directions  not  absolutely  connected  with  astronomy.  One  of  these 
directions,  it  seems  to  me,  is  the  determination  of  the  shape  of  the  earth,  or 
in  other  words,  using  the  familiar  technical  phrase,  to  find  what  is  the  ellip- 
ticity  of  the  earth  by  observations  on  the  moon.  This  is  being  made  possible 
in  two  ways,  first  by  the  photographic  determination  of  the  moon*s  position, 
which  has  been  worked  out  observationally  at  Harvard,  and  mathematically 
by  Prof.  Russell,  of  Princeton,  and  enables  us  to  get  the  moon's  position  with 
an  accuracy  at  least  equal  to  that  obtained  at  Greenwich;  this  accuracy  can 
be  obtained  with  a  comparatively  inexpensive  equipment  at  any  observatory. 

The  second  depends  on  the  question  of  the  determination  of  the  moon's 
parallax  by  gravitational  methods.  The  matter  is  quite  simple.  I  have  put  the 
two  formulae  down  on  the  board  here.    They  are: 


c^^ 


The  former  is  really  one  of  Kepler's  laws,  which  comes  directly  out  of  the 
law  of  gravitation;  the  latter  also  comes  from  the  law  of  gravitation  applied 
to  an  ellipsoidal  earth.  If  I  take  these  two  formulie  and  divide  one  by  the 
other,  I  get  this  formula : 


C-)"- 


4-  .  ^+E  (A) 
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n,  the  angular  velocity  of  the  moon,  is  known  with  extceme  accuracy  from 
observations  of  the  moon  extended  over  a  large  number  of  centuries;  g,  the 
acceleration  produced  by  gravity  we  know  all  about ;  r,  the  radius  of  the  earth« 
we  know  with  great  accuracy  also,  through  various  methods  which  I  need  not 
mention,  so  that  we  can  get  the  ratio  of  n*  to  gr  with  great  accuracy. 
The  term  1+ke  is  due  to  the  shape  of  the  earth;  e  is  the  rfUptlcity  of  the 
earth,  and  observation  gives  for  it  values  ranging  from  ^  to  ^fr.    Now  you  can 

a 
very  well  see  if  we  know  everything  in  this  equation  except  j  and  e,  the  last 

equation  gives  a  relation  between  them.    Suppose  that  e  is  unknown.    If  we 

have  any  method  of  getting  the  quantity  —  or  ~t  the  parallax  of  the  moon, 

r         a 

then  we  can  determine  e  exactly;  and  conversely,  if  we  know  e,  we  can  get 
this  quantity.  There  are  only  two  quantities  involved,  and  if  we  know  one  of 
them,  we  can  get  the  other. 

When  the  elllptlclty  of  the  earth  is  known,  the  problem  is  largely  one  of  the 
gravitational  determination  of  the  parallax.  How  that  quantity  varies  as  we 
change  the  elllptlclty  as  seen  In  this  table: 


•-» 

Cape- 

Formnla 

Gr«aiwlch. 

(A). 

303 

3422".  60 

3422.58 

294 

.54 

.57 

205 

.48 

.56 

206 

.42 

.54 

207 

.36 

.53 

The  second  column  shows  the  values  deduced  from  the  determination  of 
the  moon's  parallax  by  simultaneous  observations  at  Greenwich  and  the  Oapb. 
I  have  put  down  a  number  of  values  of  the  elllptlclty,  ranging  from  ^  to 
j^  and  I  have  given  the  gravitational  values  corresponding  to  these.  Within 
the  range  which  is  admissible,  the  parallax  of  the  moon  will  then  vary  only 
a  few  hundredths  of  a  second,  with  a  range  of  four  units  In  the  elllptlclty. 

The  next  question  comes  up  about  the  observational  determination  of  the 
moon's  parallax.  I  need  say  very  little  about  that.  Most  of  you  are  familiar 
with  astronomical  observations,  and  this  Is  astronomically  a  very  simple  obser- 
vation. To  put  the  matter  briefly,  we  determine  the  moon's  parallax  by  simul- 
taneous observations  in  different  parts  of  the  earth.  We  take  observations  at 
two  points  on  the  earth's  surface.  If  we  know  the  distance  between  them, 
by  the  two  observations  we  have  measured  a  certain  angle  and  thus  obtained 
the  distance  of  the  moon. 

However,  It  Is  necessary  to  reduce  that  distance  to  the  Equator.  What  we 
actually  determine  Is  the  angle  between  the  plumb  line  at  each  place  and  the 
direction  of  the  moon.  We  do  not  determine  the  angle  between  the  line  joining 
the  direction  of  the  moon  and  the  radius  of  the  earth.  I  shall  draw  this  figure 
of  the  earth  now  as  an  ellipsoid,  much  exaggerated,  of  course.  In  order  to  show 
the  point.  Here  Is  one  place  of  observation,  and  here  Is  the  moon  In  that 
direction.  You  will  understand  that  I  am  only  taking  the  main  essentials  of 
the  thing,  and  am  omitting  a  good  many  details.  What  we  wish  to  do  Is  to 
reduce  the  distance  that  we  get  from  the  places  of  observation  to  the  mo<m 
to  a  distance  reckoned  on  the  Equator.  In  order  to  do  that  I  must  draw  the 
angle  between  the  plumb  line  and  a  line  joining  this  point  of  observation  to 
the  center  of  the  earth. 

Now  if  this  is  a  perfect  ellipsoid  and  no  Inequalities,  this  angle  depends  di- 
rectly on  the  elliptlclty,  a  simple  formula  perfectly  well  known,  which  I  need 
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not  go  into.  So,  if  we  knew  the  exact  ellipsoid  or  spheroid  which  constitutes 
the  shape  of  the  earth,  we  should  be  able  to  determine  the  distance  of  the  moon 
by  this  method  with  the  accuracy  which  the  observations  themselves  will 
furnish.  We  have  then  a  means  of  determining  the  distance  of  the  moon  from 
observations  with  an  accuracy  which  varies  according  to  the  number  of  obser- 
vations we  have. 

Here  I  come  to  the  chief  part  of  my  paper.  One  of  the  chief  troubles  is  that 
the  latitude  of  a  place  is  determined  by  the  angle  between  the  plumb  line,  or 
the  level  of  the  place,  and  the  direction  of  a  particular  set  of  stars.  We 
always  use  the  plumb  line.  Now,  the  earth  is  not  perfect.  In  every  place 
practically,  the  plumb  line  is  not  in  line  with  the  normal  of  the  ellipsoid. 
There  are  mountains,  there  are  depressions,  and  so  forth,  so  that  we  can  not 
always  tell  which  way  the  plumb  line  goes,  even  when  we  know  the  shape  of 
the  adjacent  district.  The  only  way  we  can  get  it  is  to  take  a  large  number 
of  observations  over  a  considerable  area.  I  will  refer  to  that  again  in  a  mo- 
ment What  we  need  is  the  relation  between  the  plumb  line  at  the  place,  and 
the  normal  to  the  average  ellipsoid  which  goes  through  the  earth.  If  we  can 
get  that  we  have  a  means  of  getting  the  observational  determination  of  the 
distance  of  the  moon  by  direct  observation  at  two  places.  The  last  determina- 
tion of  that  kind  that  has  any  considerable  degree  of  accuracy  was  made  over  a 
period  of  five  years  between  the  Cape  of  Good  Hope  and  Greenwich.  Those 
observations  were  published  in  the  Monthly  Notices  about  five  years  ago,  and 
I  have  put  down  the  results.  If  I  recollect  I  said  that  when  you  wished  to 
get  what  is  called  the  equatorial  horizontal  parallax  of  the  moon,  you  have 
to  multiply  by  a  factor  which  depends  on  the  ellipticity  of  the  earth,  and  accord- 
ing as  you  use  different  values  of  the  ellipticity,  you  will  get  different  values 
of  the  moon's  paraUax.  In  the  second  column  of  the  table  to  which  I  have 
referred  are  the  different  values  corresponding  to  the  different  values  of  the 
^Ipticity ;  in  the  third  are  those  arising  from  observation  reduced  to  the  center 
of  the  earth  with  the  corresponding  values  of  the  ellipticity.  The  last  has 
errors  of  observation  which  are  inseparable  from  ordinary  lunar  observations. 
You  notice  that  two  of  the  values  come  near  together.  That  is  not  so  impor- 
tant for  my  purposes  as  the  next  point  to  which  I  wish  to  call  attention. 

As  the  ellipticity  varies,  one  figure  changes  very  slowly  and  the  other  five 
or  six  times  as  fast.  If  I  could  get  by  any  means  observationally  the  value  of 
the  parallax  to  within  say,  one-twentieth  of  a  second,  by  comparison  with  this 
I  could  get  the  ellipticity  of  the  earth  to  the  nearest  unit  with  practical 
certainty,  the  point  being  that  the  observational  value  changes  so  much 
more  rapidly  than  the  gravitational  value,  and  therefore  the  comparison  enables 
us,  knowing  the  parallax,  to  get  the  ellipticity  of  the  earth.  We  could  proceed 
to  work  and  do  this  at  once  if  we  had  the  necessary  relation  between  the  plumb 
line  at  the  place  and  the  average  ellipsoid  of  the  earth.  There  is  the  difficult 
point  Greenwich,  of  course,  is  connected  up  by  an  accurate  trlangulation  and 
a  large  number  of  latitude  stations,  so  that  we  know  with  very  high  accuracy 
the  relation  between  the  plumb  line  at  Greenwich  and  the  average  normal 
to  the  ellipBoid.  At  the  Gape  there  are  recent  surveys  that  have  been  carried 
out,  and  the  station  errors,  as  they  are  called,  are  determined  with  high  ac- 
curacy at  both  places.  Consequently  it  is  possible  to  get  the  value  of  the 
ellipticity  of  the  earth  with  considerable  accuracy  from  the  Cape-Greenwich 
observations. 

The  Cape-Greenwich  observations  were  simply  meridianal  observations,  which 
demand  much  labor  and  are  subject  to  numerous  errors.  What  I  am  propos- 
ing is  that  we  should  use  the  photographic  method,  which  as  I  said  before,  re- 
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quires  only  comparatively  Inexpensive  equipment  and  very  little  skilled  labor, 
at  any  rate  in  the  field  or  in  the  observatory.  I  propose  that  we  should  try  and 
get  this  quantity  from  observations  in  North  and  South  America.  Harvard 
TTniversity  is  already  equipped  and  has  the  requisite  instruments  to  make  the 
observations.  In  fact  it  has  been  obtaining  these  observations  for  some  years 
past,  and  Prof.  Russell  only  the  other  day  put  out  a  number  of  the  Harvard 
Annual  giving  the  results.  They  are  a  little  more  accurate  than  the  best 
Greenwich  observations.  What  we  want  is  an  observatory  in  South  America 
on  practically  the  same  meridian  as  Harvard  which  shall  do  the  same  thing. 
Now  there  is  no  difficulty  about  an  observatory  in  South  America,  more  particu- 
larly in  the  Argentine.  There  are  a  number  of  places  whichi  are  very  close  to 
the  meridian  of  Harvard  which  would  satisfy  all  our  requirements.  The  dif- 
ficulty at  present  is  the  fact  that  we  do  not  know  the  station  errors  of  the  various 
places  In  the  Argentine  which  might  be  proposed.  Up  to  the  present  time  no 
topographical  survey  has  been  made  so  far  as  I  am  aware  which  includes 
latitude  stations  of  sufilcient  number  so  that  we  may  average  over  a  consider- 
able area  the  errors  of  the  different  localities,  and  therefore  know  with  high 
probability  what  is  the  station  error  of  the  plumb  line  at  any  one  place  within 
a  second  of  arc  That  is  what  we  really  reqidre.  It  is  not  very  high  accuracy. 
As  soon  as  that  is  done,  an  equipment  costing  perhaps  $4/X)0  for  two  identical 
InstromeotB,  with  a  year's  work  or  work  for  a  year  and  a  half,  taking  photo- 
graphs of  the  moon,  which  can  be  reduced  at  any  convenient  spot  later  on, 
should  enable  us  to  find  the  value  of  the  elllptlcity  within  one  unit  by  this 
method.  If  you  will  look  at  the  map  here,  you  will  see  that  the  points  I  am 
mentioning  are  very  nearly  on  the  same  meridian.  Harvard  is  close  to  Boston. 
Here  is  Boston,  and  you  will  notice  that  the  meridian  of  Boston  goes  practically 
through  the  west  part  of  Argentina.  If  we  are  within  a  few  degrees  of  this 
meridian  it  is  all  that  is  required.  The  Andes  run  along  here  and  produce  large 
station  errors.  The  east  and  west  station  errors  have  very  little  effect  on  the 
result.    What  we  want  is  to  eliminate  the  north  and  south  errors. 

There  is  another  set  of  observations  which  I  hope  S(»netime  to  be  able  to  ar- 
range. The  meridian  of  Tokyo  passes  through  Australia.  I  suppose  Tokyo  is 
the  most  northerly  available  observatory  in  that  district  and  is  likely  to  be  for 
some  years  to  come.  Those  would  also  be  appropriate  points  for  two  sets  of 
observations. 

But  the  point  I  wish  to  make  with  reference  to  the  Argentine  is  that  a  topo- 
graphical survey  of  sufficient  length,  perhaps  600  miles  or  so,  witli  a  suflScient 
number  of  latitude  stations  in  the  Argentine,  would  enable  us  to  determine  this 
quantity,  the  elllptlcity  of  the  earth,  with  very  high  accuracy,  even  without  the 
measurement  of  a  complete  arc,  extending  from  North  to  South  America. 
Wherever  two  places  on  the  earth  are  connected  up  with  a  sufficient  number  of 
stations  so  that  the  station  errors  in  each  place  can  be  well  determined,  a  pair 
of  instruments  might  be  carried  to  them  and  the  elllptlcity  of  that  part  of  the 
earth  which  lies  between  them  found.  I  hope,  therefore,  that  in  the  near  future 
the  surveys  which  will  be  made  in  Argentine  and  Chile  will  be  such  that  there 
will  be  latitude  stations  connected  by  accurate  triangulation  so  that  we  can 
get  the  station  errors,  at  least  in  a  north  and  south  direction,  as  accurately  as 
possible  and  thus  determine  the  elllptlcity  of  the  earth  by  this  method. 

The  Chairman.  The  thanks  of  the  section  and  of  the  (KMigress 
are  due  to  Prof.  Brown  for  bringing  this  subject  before  ua  It  is 
a  truly  international  problem  that  he  has  proposed,  and  one  which 
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I  think  we  may  confidently  expect  will  be  solved  in  the  future. 
The  only  question  that  could  be  raised  is  as  to  how  soon  in  the  future 
this  problem  may  be  solved. 

I  would  like  to  remark  that  there  are  other  reasons  why  such 
observations  as  Prof.  Brown  has  indicated  should  be  made.  As 
pointed  out  by  Laplace  long  ago,  the  motion  of  the  moon  depends 
upon  the  distribution  of  mass  in  the  earth.  To  speak  briefly,  a 
knowledge  of  the  flattening,  which  comes  from  such  observations  as 
Prof.  Brown  has  indicated,  will  give  us  additional  knowledge  con- 
cerning the  moments  of  inertia  of  the  earth.  In  that  connection  it 
may  be  well  to  recall  that  the  progress  of  knowledge  of  the  earth 
has  attained  the  third  stage.  The  first  stage  is  that  in  which  we 
arrive  at  the  conclusion  that  the  earth  is  nearly  a  sphere.  The 
second  stage,  which  has  caused  much  more  difficulty  of  attainment, 
is  the  knowledge  of  the  earth  as  a  spheroid,  and  the  third  and  last 
stage  is  that  in  which  we  attribute  to  the  shape  of  the  earth  the 
term  geoid.  That  is  the  stage  in  which  we  now  are,  and  the  one  to 
which  we  must  give  attention. 

The  four  papers  following  are  intimately  related  to  this  one  and 
we  shall  have  more  to  say  about  the  subject  that  I  have  alluded  to. 

Are  there  any  remarks  upon  this  communication  by  Prof  Brown? 

Mr.  Baiteb.  As  I  understand  from  Prof.  Brown's  statement,  if 
he  has  an  accuracy  of  1  second  of  the  mean  latitude  for  the  entire 
section  that  will  be  sufficient  for  his  purpose. 

Mr.  Bbowk.  I  assume  that  over  an  arc  of  proper  length  we  can 
get  an  accuracy,  say,  of  about  1  second.  Perhaps  those  who  are 
more  familiar  with  this  work  than  I  am  will  correct  me,  but  of 
course  we  only  make  the  observations  of  the  moon  at  one  place,  so 
that  we  must  diminish  the  station  error  at  that  place  to  as  small  a 
quantity  as  possible. 

Mr.  Bauer.  I  was  wondering  whether  you  could  make  use  of  the 
various  boundary  surveys — for  instance,  the  survey  of  the  northern 
boundary  of  Bolivia. 

Mr.  Brown.  I  looked  at  that,  but,  as  far  as  I  am  aware,  there  are 
not  a  sufficient  number  of  accurate  latitude  determinations  to  cut  the 
station  error  down  to  a  small  point.  Perhaps  I  may  be  corrected 
about  that.  Mr.  Bowie  will  be  able  to  give  more  information  than 
lean. 

Mr.  Bauer.  Within  a  few  days  I  have  received  a  letter  from  Dr. 
Morris,  director  of  the  observatory  at  Rio  de  Janeiro.  He  gave  an 
account  of  some  magnetic  work  that  he  had  had  done,  and  if  I  recall 
rightly  he  stated  that  the  accuracy  of  the  latitude  determination  was 
on  the  order  of  about  2  seconds.  Then  he  had  a  large  number  of 
observations  extending  across  the  southern  part  of  Brazil,  and  pos- 
sibly the  mean  result  mig^t  be  sufficient  for  your  purpose. 
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Ifr.  BiowM.  Very  poesibly  that  is  so. 

Mr.  Bauer.  I  will  send  you  a  copy  of  that  letter. 

Mr.  Brown.  The  advantage  of  getting  the  arc  as*far  south  as 
possible  is  very  great  That  is  why  I  suggested  Argentina.  Of 
course,  the  observations  could  be  made  at  any  time  and  the  errors 
determined  later. 

Mr.  Bauer.  Observations  are  being  made  of  the  northern  bound- 
ary of  Uruguay,  and  I  believe  you  will  get  the  accurate  latitude 
from  that. 

Mr.  Frisby.  Suppose  these  observations  were  all  made  with  the 
best  degree  of  accuracy,  what  relative  weight  would  Prof.  Brown 
give  to  the  results  of  the  observational  and  the  gravitational 
methods? 

Mr.  Brown.  What  I  am  doing  here  bears  on  an  equation  which 
really  contains  two  unknowns.  We  assume  practically  that  the  gravi- 
tational determination  is  accurate  to  the  hundredth  of  a  second  of 
arc.  It  is  practically  known  to  a  hundredth  of  a  second  of  arc  as 
soon  as  the  ellipticity  is  determined.  So  we  can  consider  this  as 
accurate,  and  if  we  have,  say,  400  pairs  of  plates,  we  can  get  that,  I 
think,  within  three  or  four  himdredths  of  a  second  of  arc. 

Mr.  Frisbt.  Your  idea  is  that  they  will  practically  agree. 

Mr.  Brown.  We  shall  have  to  use  a  value  of  ellipticity  that  will 
make  them  agree. 

Mr.  Frisby.  They  will  use  the  two  methods  and  get  a  result  from 
them  ultimately. 

Mr.  Brown .  Yes.  The  Hayford  and  Bowie  observations  got  a 
result  of  297,  and  from  two  other  methods  I  got  293.5,  so  I  am  won- 
dering whether  I  am  wrong,  or  whether  there  are  different  values 
of  the  ellipticity  according  to  the  different  methods  in  use.  Clark's 
geodetic  method  got  298.5.  Something  depends  on  moments  of 
inertia  and  something  on  inequality  of  the  surface. 

Mr.  Bowie.  From  geodetic  work  the  ellipticity  is  determined  at 
297,  and  from  gravity  alone  and  a  comparatively  few  stations,  but 
for  those  in  the  United  States  it  is  298.3  or  298.4. 

Mr.  Brown.  That  is  practically  Helmert's  value. 

Mr.  Bowie.  Helmert  has  recently  got  values  that  agree  a  little 
more  closely. 

Mr.  Brown.  The  moon,  in  two  different  directions,  gives  293.5, 
I  am  not  going  to  admit  that  the  moon  is  altogether  wrong  until 
the  question  is  settled  where  this  large  difference  of  three  and  one- 
half  units  at  least  comes  from. 

The  Chairman.  I  mi^t  add  that  Prof.  Brown  has  put  his  finger, 
so  to  speak,  on  the  important  point — ^namely,  the  determination 
of  the  station  error.  We  must  know  the  deflection  of  the  \  plumb 
line  accurately,  which  will  require  a  primary  triangnlation  over  a 
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conisiderable  area,  and  I  think  we  may  confidently  expect  that  our 
colleagues  iit  Argentina  will  extend  such  a  scheme  of  triangulation 
in  the  near  future;  but,  of  course,  the  near  future  for  astronomers 
may  mean  50  or  100  years. 

Mr.  Bowie.  I  should  like  to  say  that  a  survey  along  an  east  and 
west  boundary  is  a  very  dangerous  thing  to  use  to  get  the  mean 
station  error,  because  you  are  very  apt  to  have  the  same  influence 
to  the  north  or  to  the  south,  and  there  will  be  a  constant  or  system- 
atic error  in  the  whole  group  of  stations.  What  you  need  in  order 
to  get  your  deflection  or  your  station  error  in  the  meridian  is  a 
group  of.  stations  arranged  in  a  north  and  south  line,  connected  up 
by  a  triangulation,  and  then  you  will  eliminate  the  error  to  a  great 
extent.  You  can  not  do  it  in  such  a  country  as  western  Argentina 
or  ChUe  without  knowing  something  abopt  your  topography,  because 
the  actual  station  errors  are  going  to  be  enormous,  and  you  would 
have  to  reduce  some  of  them  for  the  topography  in  order  to  get  them 
down  somewhere  within  reason. 

Mr.  Brown.  I  am  not  very  familiar  with  the  subject,  and  the  in- 
formation which  I  have  been  able  to  obtain  has  been  simply  what 
I  have  been  able  to  gather  from  books,  so  I  am  glad  to  get  that 
information  from  Mr.  Bowie.  I  suppose  those  who  are  familiar 
with  the  subject  will  see  Uiat  the  surveys  are  made  in  such  a  manner 
that  this  method  can  be  used. 

Mr.  Lambert.  I  should  like  to  inquire  of  Prof.  Brown  how  the 
question  of  precession  comes  in  in  these  lunar  determinations. 

Mr.  Brown.  I  do  not  think  that  precession  plays  a  very  large  part 
in  the  question  of  accuracy.  I  think  if  I  remember  rightly  the  pre- 
cession could  be  very  easily  altered  to  fit  either  ellipticity.  I  looked 
into  it  some  time  ago.  The  difficulty  is  that  the  precession  comes 
from  a  different  set  of  constants  that  involve  ellipticity  in  a  different 
way  than  it  is  involved  in  these  questions  here.  It  is  too  long  to 
go  into  the  whole  matter,  but  I  think  that  is  the  point.  I  believe 
you  can  alter  it.  The  precession  can  really  be  taken  to  be  almost 
any  convenient  quantity  we  like.  Astronomically.  T  think  I  am  cor> 
i*ect  about  that. 

The  Chairman.  Ai-e  there  any  further  i-emarks  on  this  paper? 
If  not  I  will  proceed  to  the  presentation  of  the  next  two  papers^ 
which  ai^  by  the  chairman.  The  first  is  on  the  "  Desirability  and 
practicability  of  extending  a  precise  network  of  triangulation  over 
the  South,  Central,  and  North  American  areas."  The  title  of  the 
second  paper  is  "The  desirability  and  practicability  of  extending  a 
gravimetric  survey  over  the  same  areas";  so  that  these  two  papers 
are,  as  I  remarked  earlier,  intimately  related  to  the  one  just  pre^ 
sented.  In  fact  it  seems  to  me  that  to  carry  out  the  suggestion 
of  Prof.  Brown  it  will  be  e.ssential  first  to  have  a  network  of  tri- 
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angulation  over  these  areas;  and  the  paper  contemplates  that  ulti- 
mately we  shall  have  a  fi^stem  of  primary  triangulation.  extended 
over  tiie  whole  of  these  areas — South,  Central,  and  North  American. 
The  first  paper  may  be  summed  up  as  follows: 

Perhaps  some  of  you  noticed  a  few  days  ago  in  the  journal  Science 
a  letter  from  my  friend,  Dr.  Otto  Klotz,  of  Ottawa.  It  was  very  brief 
and  inquired  as  to  the  Pan  American  Scientific  Congress,  if  Canada  is 
in  the  pan.  For  the  purposes  of  this  enterprise,  to  which  I  now  in- 
vite your  attention,  it  will  be  highly  essential  that  Canada  should 
be  in  the  pan  in  order  that  she  may  do  her  part  in  extending  the 
triangulation. 

I  have  taken  from  a  map,  more  accurate  than  this  one  which  is 
here,  some  figures  to  show  how  long  an  arc  of  meridian  it  will  be 
practicable  to  get  from  the  tower  end  of  Patagonia,  extending  up  to 
Point  Barrow.  I  was  somewhat  surprised  to  find  that  an  arc  of  a 
meridian  of  126®  can  be  obtained  by  covering  these  areas.  The  arc 
of  a  parallel  practically  attainable  between  the  easternmost  point 
of  Brazil  and  the  westernmost  point  of  Alaska  is  still  greater.  The 
possible  extent  of  that  is  about  153®.  So  if  we  can  consummate  this 
scheme  of  triangulation  we  may  be  able  to  assist  in  a  very  high 
degree  in  the  solution  of  the  problem  of  the  size  and  shape  of  the  earth. 

One  of  the  most  important  results  of  such  a  scheme  of  triangulation 
would  be  to  give  the  station  errors,  or  the  plmnb-line  deflections,  at  all 
points,  so  that  it  would  be  practicable  for  Prof.  Brown's  project  to  be 
carried  out  by  photographic  observations  at  a  rather  large  choice  of 
points  in  North  and  South  America. 

The  general  subject  of  triangulation  is  so  well  known  that  I  need 
not  add  anything  further  to  this  aspect  of  the  papers  I  have  to 
present.  Moreover,  Mr.  Bowie  will  follow  immediately  with  some 
data  which  are  of  the  greatest  importance  to  this  project,  data  which 
will  show  us  something  of  the  ways  and  means  and  the  costs  involved. 

Before  passing  to  the  next  paper  I  might  remark  that  so  far  as  the 
primary  triangulation  is  concerned,  it  is  pretty  well  completed  now 
for  the  United  States,  and  I  understand  that  a  considerable  amount 
of  good  work  has  been  done  in  Mexico,  and  I  think  a  considerable 
length  of  arc  of  meridian  has  been  measured  and  remeasured  in  Peru. 
You  will  remember  the  Peruvian  arc  to  which  so  much  attention  was 
given  between  1785  and  1740.  That  arc  has  been  measured  and  re- 
measured  in  recent  years,  so  that  it  may  be  considered  to  have  been 
obtained  with  the  highest  order  of  precision. 

Now,  let  me  give  some  brief  attention  to  the  other  paper,  which 
refers  to  the  question  of  a  gravimetric  survey.  That  appears  to  me 
to  be  very  important  also,  and  is  intimately  related  to  the  paper  of 
Prof.  Brown,  but  it  is  still  more  important  in  its  relation  to  the  de- 
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termination  of  the  geoid.  The  modem  remaining  problem  in  geodesy 
is  stated  mathematically  thus: 

If  F  is  the  potential  per  unit  mass  due  to  the  attraction  of  the 
earth's  mass,  then  for  a  point  on  the  ^ea  surface  we  have  this  equation : 

F+icd«  (»«+y«)  =  i7=constant. 

Omega  is  the  angular  velocity  of  the  earth  and  x  and  y  are  the  co- 
ordinates of  any  point  on  the  surface  <^  the  earth  measured  in  a  plane 
parallel  to  the  Equator,  the  axis  of  figure  of  the  earth  being  taken  as 
the  Z  axis,  the  origin  being  at  the  centroid  of  the  earth.  Then  the  re- 
maining problem  we  have  to  solve  in  geodesy  is  this: 

The  total  potential  due  to  the  attraction  and  to  the  rotation  of  the 
earth  is  a  constant  for  the  sea  surface  and  for  other  surfaces  the  corre- 
sponding constant  is  changing  from  surface  to  surface.  That  equa- 
tion defines  the  so-called  geoid,  and  a  knowledge  of  the  quantity  V  is 
the  thing  that  remains  to  be  gained.  That  naturally  is  the  most  diffi- 
cult problem  we  have  in  connection  with  the  earth.  Now  the  quantity 
V  involves  the  moments  of  inertia  of  the  earth  to  which  reference  was 
made  a  few  moments  ago,  but  we  have  no  means  at  present  of  observ- 
ing F  at  a  great  nmnber  of  points  on  the  earth,  but  we  have  a  means 
of  observing  a  derivative  of  U  and  hence  of  F.  Thus  we  have  means 
of  observing  the  derivative  of  Z7,  with  respect  to  n  where  n  indicates 
the  normal  of  the  geoid.  That  is  the  quantity  which  we  commonly 
rather  erroneously  and  ambiguously  call  gravity;  but  we  mean  by  it 
&at  it  is  the  linear  acceleration  due  to  the  attraction  and  to  the  rota- 
tion of  the  earth.    It  is  expressed  as  follows: 

iV 

—  «.  jf«.a+/J  sm*  ^4-7  cos*  ^  cos  2X 

wherein  ct,  p,  y  are  ccmstants,  and  ^  and  X  are  the  geocentric  latitude 
and  the  longitude  respectively  of  any  point  on  the  earth's  surface. 

The  first  two  terms  in  the  last  member  of  this  formula  were  well 
known  to  Laplace.  The  last  term  has  never  been  determined  accu- 
rately. There  is,  however,  a  very  recent  paper  on  this  subject  by  Hel- 
mert/  in  which  he  finds  a  value  for  the  constant  gamma.  This  I 
think  is  now  the  remaining  most  important  constant  to  be  determined 
in  that  formula,  although  there  are  still  considerable  uncertainties 
in  the  constants  alpha  and  beta,  due  to  those  local  anomalies  which 
affect  the  direction  of  the  plumb  line. 

Now,  it  seems  to  be  highly  desirable  that  we  should  cover  the  North 
and  South  American  Continents  and  the  Central  American  area  in 
such  a  way  as  to  get  us  a  very  large  number  of  values  for  this  quan- 
tity g.  It  is  now  practicable  to  determine  relative  values  by  means 
of  the  so-called  half -second  pendulums,  which  have  been  so  highly 

^  SitsungBberlchte  der  KOnlgllch  PreusslcheD  Academic  der  WlBsenscbaften,  Oktober  21, 
1915. 
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developed  by  the  Coast  and  Geodetic  Survey,  with  great  precision 
4ind  at  reasonable  cost 

There  is,  however,  still  another  problem  before  we  can  <x>iisider 
this  work  to  be  in  a  satisfactory  stage.  That  is  the  problem  of  de- 
termining the  values  of  the  g's  at  all  places  absolutely.  The  half- 
second  pendulum  gives  only  relative  values  in  terms  of  souib  base 
station.  What  we  need  now  is  some  kind  of  an  apparatus  whidi 
will,  with  a  high  degree  of  precision  and  at  a  reasonable  cost,  en- 
able us  to  determine  fundamental  or  absolute  valuea 

Mr.  Bauer.  Do  you  have  the  same  problem  in  gravity  that  we 
have  in  terrestrial  magnetism — ^namely,  that  we  can  get  a  more 
highly  accurate  result  from  a  large  surface  of  the  ocean  than  we  can 
from  the  land? 

The  Chairman.  You  are  quite  right.  There  remains  a  grand 
opportunity  for  somebody  to  do  for  gravity  determinations  at  sea 
what  Mr.  Bauer  has  accomplished  for  magnetic  observations  at  sea. 

Mr.  Brown.  Have  any  gravitational  determinations  been  made 
far  away  from  land? 

The  Chairman.  Yes;  a  considerable  number  have  been  made,  but 
thus  far  they  have  not  turned  out  very  satisfactorily ;  but  there  are 
some  men  at  work  on  that  problem. 

Mr.  Brown.  Is  there  any  knowledge  about  station  errors  at  sea  f 

The  Chairman.  There  is  in  the  near  vicinity  of  islands,  and  so  cm, 
but  not  much  for  any  place  distant  from  land.  I  might  mention  that 
Dr.  Briggs,  of  the  Department  of  Agriculture,  has  developed  a 
method  which  gives  promise  of  being  of  great  value  for  the  determi- 
nation of  values  at  sea. 

Are  there  any  further  remarks?  If  not  I  will  call  for  the  next 
two  papers  by  Mr.  Bowie,  of  the  Coast  and  Gteodetic  Survey.  The 
title  of  his  first  paper  is  ^Costs  of  primary  triangulation,  including 
determinations  of  latitude,  longitude,  and  azimuth."  The  other 
paper  is  entitled  "Costs  of  relative  gravity  determinations  by  aid  of 
half -second  pendulums." 


COSTS  OF  PRIMARY  TRIANGULATION   INCLUDING  DETERMINA- 
TIONS OF  LATITUDE,  LONGITUDE,  AND  AZIMUTH. 

By  WILLIAM  BOWIE, 
VMef  Division  of  Geodesy,  United  States  Coast  and  Geodetic  Survey. 

The  geodetic  work  in  the  Untted  States  is  now  almost  exclusively  done  by 
the  Coast  and  Geodetic  Survey.  In  this  paper  will  be  given  a  brief  account  of 
the  work  being  done  in  field  astronomy  and  primary  triangulation. 
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FDELD  ASTBONOICT. 

Now  that  the  primary  trlangulation  has  been  sofficieiitly  extended  to  permit 
the  adoption  of  a  standard  or  final  datum  (called  the  North  American  datum), 
nearly  all  of  the  determinations  of  astronomic  azimuth,  latitude,  and  longi* 
tude  are  made  for  the  purpose  of  ascertaining  the  deflection  of  the  vertical  in 
the  meridian  and  the  prime  vertical  at  triangulation  stations.  At  intervals  of 
from  four  to  six  quadrilaterals  in  an  arc  of  triangulation,  the  astronomic 
azimuth  and  longitude  are  determined  in  order  to  obtain  the  astronomic 
azimuth  freed  firom  the  effect  of  station  error.  This  asimuth  is  used  in  ad- 
Justing  the  triangulation. 

Azimuth. — The  observations  for  azimuth  are  made  upon  polaris  by  the 
party  making  the  observations  for  luHrizontal  and  vertical  angles  in  the  tri- 
angulation. 

The  distance  between  azimuth  stations  varies  from  60  to  100  kilometers,  de- 
pending upon  the  lengths  of  the  lines  and  the  weather  conditions.  During  a 
long  period  of  cloudy  veeather  which  does  not  retard  the  triangulation  observa- 
tions, the  azimuth  stations  are  more  widely  spaced  in  order  not  to  delay  the 
triangulation  materially.  It  is  more  economical  to  establish  additional  azimuth 
stations  at  another  time  under  such  circumstances.  For  the  purpose  of  the 
determination  of  the  figure  of  the  earth  and  the  distribution  of  densities  in  th# 
earth's  crust  it  would  be  advantageous  to  have  the  astronomic  azimuth  de- 
termined at  each  primary  triangulation  station,  but  at  present  the  added  cost 
would  not  be  Justified.  There  are  now  in  the  United  States  900  astronomic 
azimuth  stations  which  can  be  used  for  determining  the  deflection  of  the  ver- 
tical in  the  prime  vertical. 

Co9t  of  €u:imuth  determinations, — ^The  determination  of  an  astronomic  azi- 
muth does  not  retard  the  triangulation  observing  party  more  than  one  day  at  a 
station,  on  an  average,  and  consequently  the  cost  of  an  azimuth  station  is  about 
ISO.  This  is  the  average  cost  of  a  working  day  for  the  party.  When  the  azi- 
muth is  determined  separately  the  cost  of  a  station  will  be  about  $148,  the  same 
as  for  a  latitude  station. 

Latitude, — In  recent  years  the  astronomic  latitudes  on  any  one  or  more  arcs 
have  been  determined  by  a  party  specially  equipped  for  the  purpose.  The  ob- 
servations are  made  with  the  zenith  telescope,  by  the  Talcott  method.  In  gen- 
eral, 16  pairs  of  stars  are  used,  with  each  pair  observed  only  once.  The  accu- 
racy required  is  a  probable  error  not  greater  than  0.10  second  of  arc,  and  all  of 
the  observations  may  be  made  on  a  single  night 

The  party  consists  of  four  persons,  including  the  observer.  They  live  in  tents 
and  move  from  station  to  station  in  an  automobile  truck.  The  last  63  stations 
determined  were  in  very  rough  country  and  the  truck  proved  to  be  a  very  effi- 
cient means  of  transportation.  The  truck  was  driven  as  close  to  the  station  as 
practicable  and  then  the  instruments  were  carried  to  the  station  by  pack  animals 
or  by  the  members  of  the  party.  Before  the  truck  was  used  (for  the  first  time 
in  1913)  the  latitude  party  traveled  from  station  to  station  by  railroad  and  hired 
teams. 

The  astronomic  latitude  stations  are  spaced  along  an  arc  at  about  the  same 
distances  as  are  the  azimuth  stations ;  that  is,  from  60  to  1(X)  kilometers.  For 
scientific  purposes  these  stations  should  be  placed  close  together,  but  it  is  not 
expedient  to  do  so  now.  In  the  United  States  there  are  470  latitude  stations, 
which  can  be  used  for  determining  the  defiection  of  the  vertical  in  the  meridian. 

Co9t  of  astronomic  latitude  determination; — ^There  are  no  cost  data  available 
for  the  astronomic  latitudes  in  the  United  States  for  those  stations  established 
previous  to  1905.    The  following  table  gives  the  costs  for  the  several  seasons* 
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work  since  that  date.  Tlie  meami  of  tntaqwitation  during  the  last  two  seaaooB 
was  an  antomobile  tmck.  It  is  seen  that  the  coet  for  a  station  darlnir  those  two 
I  was,  on  an  average^  lees  tium  for  the  prertoos  work. 

Oo$t  of  latitude  detertntnatUmi, 


hommf. 

Tear. 

Olwwvw. 

Number 

tioos. 

Cert  per 
stnUoB. 

OrffrmanjBttitm..  ...  .......     ...  ..    ..    .  ... 

190^7 
190B 
190B 
1912 
1913 
1914 

W.H.BiBssr..... 

E.smiftLirr. 

S4 

S 
T 

e 

S5 
37 

91fl9 

AtkuitleeoMt ". '. 

in 

Central  States. 

w.BSSto.:::::::: 

E.  Smith 

in 

Texas ................. 

148 

IM 

Tszas<7allforaia  are 

IM 

Total  Stations,  183. 

Weighted  UMMi  «Mt  psfilallQii.  048. 

It  is  probable  that  the  tmck  will  be  used  on  future  work  and  it  is  expected 
the  coet  of  the  latitude  stations  will  average  about  |140. 

Attrfmomio  longitude. — There  are  now  in  the  United  States  160  trlaDgroUitiaD 
stations  at  which  the  astronomic  longitude  has  been  determined.  These  can 
therefore  be  used  for  the  determination  of  the  deflection  of  the  vertical  In 
the  prime  vertical.  Nearly  all  of  the  determinations  in  recent  years  have  been 
for  the  purpose  of  determining  the  true  astronomic  azimuths  at  coincident  trl- 
angulation,  asimuth,  and  longitude  stations  (Laplace  stations),  which  are  used 
in  the  adjustment  of  the  arcs  of  the  triangulation. 

The  observations  for  local  time  are  made  by  observers  at  two  stations*  the 
longitude  of  one  being  known,  and  the  exchange  of  time  signals  is  made  over 
the  commercial  telegraph  wires.  No  determinations  have  yet  been  made  by 
wireless,  though  this  method  will  no  doubt  be  used  in  the  future  at  places 
where  the  telegraph  wires  are  not  available. 

The  straight  telescope  and  also  the  broken  telescope  types  of  portable  transit 
are  used,  following  the  usual  methods.  The  instruments  are  equipped  with  the 
self-registering  micrometers  of  a  modified  Repaold  pattern. 

Three  or  four  nights  on  which  successful  exchanges  of  signals  have  been 
made  are  required,  and  the  average  probable  error  of  a  determination  of  the 
difference  of  longitude  is  about  0. 016  second  of  time. 

The  cost  of  a  longitude  determination  will  vary  with  the  diaracter  of  the 
country  and  the  amount  of  traveling  expenses  between  stations.  When  the 
stations  are  close  together  the  cost  will  necessarily  be  lower.  The  Mlowing 
table  gives  the  costs  of  the  longitude  work  since  1906.  There  are  no  reliable 
cost  data  for  the  stations  established  previous  to  that  year : 

Cost  of  longitude  determinations. 


LooalitT. 

Tear. 

Obseiifors. 

Number 

ofdUfer- 

enoea. 

Cost  per 
station. 

Texas r ........ . 

1908 
1907 

1907-8 
1911 
1912 

1913-14 

/E.  Smith. 

8 
10 
22 
8 
6 
6 

8560 

Sontheastem  States 

J.  E.  McOraUi 

W.Bowie. 

388 

Varloos  States 

E.Smith. 

O.B.  French 

E.  Smith 

C.V.Hodgson.... 

H.  A.Seran 

g.D.Cowie 

/F.Morse 

O.  B.  French. 

484 

Do 

487 

One  hiindrad  and  fourth  meridian 

434 

407 

Total  statioos.  81.    Weighted  mean  cost  per  station,  8437. 
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It  may  be  said  that  the  average  cost  for  future  determtnatioiui  of  the  dif- 
fSerence  of  longitude  will  be  about  $440. 

FBIICABT  TBIANQULATION. 

The  primary  triangulation  is  carried  on  in  a  systematic  manner,  following  an^ 
adi^ed  plan  which  provides  that  the  arcs  of  primary  triangulation  shall  follow 
the  easiest  routes. 

Base  Hnet, — ^The  base*line  measurements  are  now  a  mere  incident  to  the 
triangulation,  being  measured  by  the  party  engaged  upon  the  observations  for 
hiHiaontal  angles.  The  bases  are  measured  with  Invar  or  nickel-steel  tapes,  the 
lengths  of  which  have  been  determined  at  the  Bureau  of  Standards  in  Washing* 
ton  just  before  and  Just  after  the  field  work.  These  tapes  are  considered  to 
be  entirely  satisfactory,  and  with  them  a  probable  error  of  1  part  In  l,000,00(r 
ean  be  obtained.  A  base  line  10  kilometers  in  length  costs  approximately  $480, 
and  Is  measured  by  the  triangulation  observing  party  in  about  10  days.  Thia 
cost  includes  all  salaries  and  other  expenses  incident  to  the  base  work.  All 
of  the  time  q;>ent  In  preparing  the  base  for  measurement  and  In  the  deter- 
mination of  the  grades  is  Included  in  the  12  days.  It  is  necessarily  true  that  a 
shorter  base  will  cost  more  and  occupy  more  time  in  proportion,  and  a  longer 
base  will  require  pnq;>ortionally  less  time  and  expense. 

Selection  of  9tation$. — A  separate  party  precedes  the  observing  one  and 
selects  the  triangulation  stations.  There  is  no  attempt  to  have  lines  longer  than 
those  which  will  make  the  total  cost  of  all  the  work  on  an  arc  a  minimum.  It 
Is  expedient,  therefore,  to  choose  those  locations  which  are  easily  accessible  by 
country  roads  or  railroads  and  to  avoid  the  necessity  for  excessively  high 
signals. 

No  attempt  is  made,  if  additional  cost  would  be  Incurred,  to  determine  the 
preliminary  positions  with  a  greater  accuracy  than  that  necessary  for  the  ob- 
server at  a  station  to  obtain  easily  his  directions  to  the  stations  upon 
which  he  wishes  to  observe. 

A  reconnoissance  party  sheeting  stations  usually  consists  of  only  two  per- 
sons, and  the  means  of  transportation  is  either  a  wagon  with  two  horses  to 
draw  it  and  one  riding  horse,  or  an  automobile  truck.  A  truck  was  used  in 
1015  on  the  arc  which  extends  from  northern  Utah  to  northwestern  Oregon. 
It  proved  very  successful  and  no  doubt  will  be  extensively  used  in  similar  work 
in  the  future. 

The  following  table  gives  the  costs  of  the  selection  of  stations  on  a  number 
of  arcs  in  the  United  States: 

Coet  of  selectififf  statkma  on  primary  triangulation. 


Arc. 


CtaUondt^Wmibinflbaai 

TejEas-CAlifomia 

Cm  Imndred  and  fourth  nuridlaji 

Belt  Lake  to  Needles 

HuntsTiUe  to  Memphis 

Aitenses-Oklahoiiia 

Utab-lfbntaoe 

Uaho-Orsgon 


Chief  of  party. 


O.  B.  Freneh. 

W.Bowie 

J.B.BUby.... 
....do........ 

....do 

....do 

....do 

....do 


Year. 


1908-6 
1907-8 
1911 
1911 
1913 
101»-14 
1913 
1915 


1,943 
1,1(» 
MO 
873 
476 
894 
887 


67,210 
137,600 
44,000 
60,600 
4,730 
8,460 
83,600 
63,080 


847 
63 
37 
71 
84 
83 
83 
60 


it 
hi 


83.00 
2.60 
1.72 
1.92 
8.00 
8.00 
.96 
2.40 


80.00 
.04 
.00 
.02 
.29 
.17 
.01 
.04 
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The  preceding  table  shows  that,  during  the  iMist  nine  years,  017  stations  have 
been  selected  on  7,111  kilometers  of  arc  and  that  the  mean  cost  per  kilometer 
of  progress  has  been  $2.28. 

The  frequency  of  base  lines  on  an  arc  d^[)end8  upon  the  strength  of  the 
quadrilaterals  and  the  average  length  of  line.  The  distances  apart  vary  from 
900  to  600  kilometers.  With  the  ease  with  which  a  base  may  now  be  measured 
there  is  a  tend^icy  to  shorten  the  distances  between  bases. 

Preparation  of  9tatioH$, — ^The  preparation  of  tlie  stations  is  made,  in  most 
cases,  by  a  separate  party,  as  in  the  selection  of  stations.  At  ea<^  station 
there  is  placed  a  metal  disk  properly  inscribed.  This  is  set  into  a  block  of 
concrete,  a  large  bowlder,  or  the  solid  rock,  depending  upon  the  local  conditions 
of  the  earth's  surface  at  the  station. 

When  the  ground  is  flat  a  double  structure  is  erected  at  each  station,  on 
which  rest  the  instrument,  heliotrope,  and  lamp.  These  structures  are  built 
only  as  high  as  is  necessary  to  make  the  stations  intervisible.  When  the 
country  is  hilly  or  mountainous  only  low  stands  are  erected  to  support  the 
several  pieces  of  apparatus. 

It  is  difllcult  to  estimate  the  average  cost  of  the  pr^aration  of  the  stations, 
for  it  varies  with  the  heights  of  the  signals.  A  very  close  estimate  for  the  cost 
of  erecting  the  high  structures  is  $9  per  vertical  meter.  This  cost  includes  all 
expenses  incident  to  the  work,  as  well  as  salaries  and  traveling  expenses.  A 
structure  20  meters  in  elevation,  will  cost  about  $180. 

The  cost  of  preparing  stations  is  included  in  the  cost  of  the  observing,  which 
is  given  below. 

Observation  of  horizontal  and  vertical  angles, — ^The  accuracy  required  In  the 
horizontal  angles  of  primary  triangulation  is  that  represented  by  an  average 
closing  error  of  about  1  second  of  arc  and  a  maximum  error  for  a  single 
triangle  not  greater  than  3  seconds.  Usually  this  accuracy  can  be  obtained  by 
making  82  observations  on  each  station  with  a  12-inch  (80.5-centimet»)  direc- 
tion theodolite.  Not  more  than  32  observations  are  made  unless  a  triangle 
closes  with  an  error  greater  than  3  seconds. 

It  is  frequently  the  case  that  all  the  horizontal  angles  are  measured  in  a 
aingle  day.  An  analysis  of  the  work  on  the  Texas-California  arc  was  made 
and  it  was  found  that  the  accuracy  of  the  work  done  at  stations  in  a  single  day 
was  equal  to  that  at  the  stations  where  two  or  more  days  were  required  to  com- 
plete the  observations. 

Trigonometric  leveling  is  carried  on  at  the  same  time  as  the  horizontal  obser- 
\'ations,  the  vertical  angles  being  measured  with  small  vertical  circles,  usually 
not  more  than  7  inches  (17.8  centimeters)  in  diameter.  The  vertical  measures 
are  usually  made  in  the  afternoon  between  the  hours  of  1  and  4. 

The  observing  party  consists  of  four  persons,  one  being  the  observer  who  is  in 
•charge  of  the  work.  They  live  in  tents  and  move  from  place  to  place  in  wagons, 
drawn  by  horses,  or  in  automobile  trucks.  The  latter  were  used  with  great  suc- 
cess during  the  season  of  1915  on  the  Idaho-Oregon  arc.  It  is  probable  that  the 
truck  will  be  used  almost  exclusively  in  future  work. 

The  observations  for  horizontal  angles  are  made  upon  heliotropes  during  the 
late  afternoon  and  upon  signal  lamps,  burning  acetylene  gas,  at  night  Bxperi- 
ments  are  now  being  made  to  develc^  an  electric  lamp  which  will  be  of  much 
greater  power.  Usually  from  six  to  eight  men  are  employed  throughout  the 
season  to  operate  the  heliotropes  and  lamps.  Their  movements  are  directed  by 
the  observer.  Each  member  of  the  party  learns  the  alphabet  of  the  telegraphic 
code  and  messages  are  flashed  between  the  observing  party  and  the  light  keepers. 
The  latter  move  by  hired  teams  and  by  railroads. 
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CoMt  of  trianfjfulation, — ^Before  the  year  1902  the  cost  of  the  primary  triangn- 
latkm  done  by  the  Coast  and  Geodettc  Survey  was  very  great  as  compared  with 
the  cost  of  the  work  done  since  that  time.  Complete  cost  data  are  available  for 
all  of  the  work  done  in  recent  years  and  they  are  given  In  the  following  table. 


Co9t  of  preparing  statUmt  amd  observing  on  primary  trianguiation. 


Are. 


Cliief  or  party. 


II 


•t 


Ninety-eighth  meridiui 

OdifDrnia-Wathingtoii . 

TezasOOUofnia 

One  tamidrtd  tod  Ibiirth 
ridlan. 

Aliee-BrownsTJlle 

M«iiq>hl»-Hiiiit8viUe . . . 
Idabo-Onfon , 


O.  W.  Fergoaon.. 

W.H.  BnraBr.... 

H.  D.  KingT..... 

I W.  Bowie , 

fO.B.  Frenefa 

\^8.Hia 

W.Bowie 

J.8.HiU 

C.V.Hod0ion... 

B.  H.  Pacenhart., 

C.V.  Hodgmn... 

B.  H.  Pafeohart.. 

CV.  Hodgson... 


wa-wn 

1908-1906 
190S-1911 

1912 

191S 
1914 
1915 


9,140 

930 
1,940 
1,160 


M,100 

67,900 
197,600 

44,000 

6,870 

6»000 

64,600 


868 

646 


686 

88 

90 


61.40 

.61 
.80 


2.97 
1.80 
.If 


The  costs  given  in  the  preceding  table  include  the  cost  of  the  preparation  of 
the  stations  but  not  their  selection. 

If  we  consider  only  the  triangulation  done  since  1901  it  is  seen  tliat  the 
average  cost  per  station  is  $381,  and  the  cost  per  Icilometer  of  progress  along 
the  axes  of  the  arcs  is  $31.  The  cost  per  square  kilometer  of  area  varies, 
according  to  the  width  of  the  arcs,  from  $0.10  to  |2.97.  The  cost  per  unit  dis- 
tance along  the  arcs  is  believed  to  be  the  best  criterion  as  to  the  efficiency  with 
which  the  work  was  done.  ^ 

Including  the  primary  triangulation  in  the  vicinity  of  the  Great  Lakes,  which 
was  done  under  the  War  Department,  there  are  about  12,500  miles  (20,000 
kilometers)  of  arcs  in  the  United  States.  It  is  planned  to  extend  the  net  in 
the  near  future,  possibly  within  the  next  10  years,  by  adding  about  9,000  miles 
(14,500  kilometers),  making  a  total  length  of  the  arcs  of  about  21,500  miles 
(34,500  kilometers).  This  will  provide  a  primary  station  within  about  100 
miles  (150  kilometers)  of  every  place  in  the  United  States.  The  intermediate 
areas  are  already  partly  controlled  by  tertiary  triangulation  by  various  organi- 
sations, notably  the  United  States  Geological  Survey,  the  Mississippi  and 
Missouri  River  commissions,  the  United  States  and  Canada  Boundary  0>m* 
mission,  and  by  the  States  of  Nevada  and  California.  Much  more  of  the 
secondary  and  tertiary  triangulation  remains  to  be  done  for  the  control  of 
topographic.  State,  t>ouDdary,  and  other  surveys.  It  is  also  probable  that 
additional  primary  triangulation  will  be  required  in  the  intermediate  areas. 
The  Canadian  €k>vernment  has  started  a  primary  triangulation  along  its 
western  coast,  and  the  estimates  submitted  by  the  United  States  Coast  and 
Geodetic  Survey  to  the  present  Ongress  provide  for  funds  with  which  to 
begin  a  primary  triangulation  along  the  coast  and  in  the  interior  of  Alaska. 

Korih  American  datum. — ^The  Geodetic  CJommlsslon  of  Mexico  and  the  Cteo- 
detic  Surveys  of  Canada  and  the  United  States  have  adopted  the  same  datum 
upon  which  to  compute  their  connected  network  of  triangulation.  When  the 
scheme  has  been  carried  to  Alaska,  its  area  will  also  be  placed  on  this  datum. 
The  advantage  of  this  cooperation  by  the  three  countries  is  that  the  relative 
positions  of  the  various  triangulation  stations  will  be  free  from  the  effect  of 
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■tatlon  errors  or  deflections  of  the  rertical  at  the  astronomic  stations.  Hiia- 
will  make  it  possible  to  have  tlie  maps  of  Mexico  and  the  United  States  and  oC 
Canada  and  the  United  States  agree  in  position  at  the  International  boundaries. 
Also  the  connected  trlangnlation  and  astronimilc  stations  of  the  three  eonntries 
will  be  of  greater  value  when  used  for  a  determination  of  the  figore  of  tbe 
earth. 


COSTS  OF  RBLATIYB  GRAVITT   DETERMINATIONS  BT   AID    OF 
HALF-SECOND  PENDULUMS. 

By  WILLIAM  BOWIB, 
CMef  IHvi9ion  of  Geod€$y,  United  8tate$  Coast  and  Geodetic  Survey. 

The  earliest  observations  with  the  half-second  pendnloms  of  the  United 
States  Coast  and  Geodetic  Survey  were  made  in  the  year  1891  by  fonner 
Superintendent  T.  C.  Mendenhall,  under  whose  immediate  direction  the  pen- 
dulums were  designed  and  made.  They  are  generaUy  known  as  the  Mendenhall 
half-second  pendulums. 

It  would  require  too  much  time  in  this  paper  to  describe  the  pendulums  and 
to  give  an  account  of  the  method  of  determining  their  constants.  This  infor- 
mation is  given  in  much  detail  in  the  following  publications  of  the  Coast  and 
Geodetic  Survey :  Appendix  16  of  the  Annual  Report  of  the  Superintendent  for 
1881  and  Appendix  1  of  the  Report  for  1884. 

The  method  of  observing  is  also  a  matter  which  need  not  be  considered  in 
detail,  for  it  is  the  one  generally  used  with  the  invariable  pendulum.  This  is 
also  considered  carefully  in  the  two  publications  mentioned  above. 

The  base  station  for  the  United  States  atid  also  for  Mexico  is  the  pendulum 
pier  in  the  basement  of  the  office  of  the  Coast  and  Geodetic  Survey  at  Wash- 
ington. The  value  for  this  station  is  880.112  dynes  or  centimeters,  as  deter- 
mined by  the  relative  method  from  Potsdam,  Germany,  by  former  Assistant 
G.  R.  Putnam  In  1800. 

The  present  method  of  procedure  is  to  observe  the  period,  before  and  after 
each  field  season,  of  each  of  the  three  pendulums  forming  a  set,  at  the  ba^e 
station  at  Washington,  each  pendulum  being  swung  for  three  periods  of  eight 
hours  between  clock  comparisons.  The  time  is  obtained  over  commercial  tele- 
graph wires  from  the  standard  clock  at  the  Naval  Observatory  at  Washington. 
At  a  field  station  each  pendulum  is  swung  in  a  similar  manner  and  the  time 
used  is  also  the  noon  signal  sent  out  over  the  telegraph  system  of  the  country 
by  the  Naval  Observatory.  It  is  found  to  be  far  more  satisfactory  to  use  these 
signals  than  special  signals  sent  at  other  timea  It  would  be  difficult,  on  ao> 
count  of  the  commercial  use  of  the  lines,  to  obtain  a  direct  wire  from  the 
observatory  at  other  times  than  noon. 

Many  of  the  stations  are  at  great  distances  from  the  observatory.  The  most 
distant  station  from  Washington  at  which  the  noon  signals  were  used  is  Hunt- 
ley, Mont,  the  direct  distance  being  2,100  kilometers. 

The  first  time  the  noon  signals  were  used  for  the  gravity  work  was  in  July« 
1814.  Since  then  82  stations  have  been  determined  by  this  method.  It  is 
probable  that  these  signals  may  be  successfully  used  in  each  of  the  States  of 
the  Nation.  Very  careful  tests  prove  that  the  observations  based  upon  Naval 
Observatory  time  are  entirely  satisfactory. 
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The  former  method  was  to  make  the  time  observations  at  each  station  with  a 
portable  astronomic  transit  A  great  saving  in  time  and  expense  was  made 
by  the  elimination  of  the  time  determinations  by  the  gravity  party  as  is  shown 
In  the  table  of  costs  given  later. 

It  is  probable  that  the  wireless  or  radio  method  of  receiving  time  observa- 
tions wlU  be  used  at  stations  which  are  not  near  a  line  of  wire  telegraph.  Tim 
necessi^  for  this  has  not  yet  arisen. 

The  pendulnm  stations  are  generally  in  the  basements  of  public  or  private 
houses,  and  every  precaution  is  taken  to  secure  uniform  temperatures,  or  at 
least  very  gradual  changes  in  the  temperature  in  the  room  used.  The  pendu- 
lum case  is  mounted  upon  a  low  pier  cemented  to  a  concrete  or  stone  floor  or 
built  into  the  earth.  The  flexure  of  the  case  and  pier  is  measured  at  each 
station  with  the  interferometer.  This  instrument  is  described  in  Appendix  6 
of  the  Annual  Report  of  the  Coast  and  Geodetic  Survey  for  1010. 

It  is  planned  to  design  and  construct  In  the  near  future  pendulums  of  the 
alloy  of  nickel  and  steel,  called  invar,  with  a  very  small  coefficient  of  ex- 
pansion. With  these  a  large  variation  in  the  temperature  within  the  pendulum 
case  will  have  very  small  effect  upon  the  period  of  the  pendulums,  and.  In  con- 
sequence, they  may  be  swung  in  a  tent  or  in  a  room  in  which  the  temperature 
may  vary  considerably. 

Previous  to  the  year  1014  it  was  necessary  to  have  two  observers,  while  now 
only  one  is  needed. 

There  are  no  reliable  cost  data  for  the  46  stations  established  before  1000, 
but  since  that  date  accurate  data  are  available.  These  are  given  in  the  fol- 
lowing table : 

Co$t  of  gravHy  determinatknu. 


Season. 

Observer. 

LooOlty. 

Number 

of 
statfcns. 

Stations 

per 
month. 

Cost  per 
station. 

1909-10 

W.H.  Burger.... 

H.D.iang 

T.L.  Warner 

C.L.  Qamer 

J.D.  PoweU 

C.  L.  Gamer 

J.  D.  PoweU. 

Whole  oountrv ......r...... 

M 

as 

22 
11 
12 
19 
11 

2.9 
S.2 
S.7 
S.5 
8.9 

s.e 

8.1 

S319 

191&-11. 

Central  and  Eiastem  States 

290 

1911 

Wmtem  and  <^entnil  Staten. .. r rr^ 

207 

1914    .     . 

Northeastern  States 

105 

1914 

Central  States 

106 

1915 

Sauth^Mtem  States 

87 

1915 

..  ..do 

118 

The  costs  given  in  the  preceding  table  Include  the  salaries  of  the  observers 
and  all  other  expenses  incident  to  the  work.  The  average  cost  per  station 
when  time  observations  were  made  by  the  gravity  observers  was  $280,  while 
the  cost  when  the  Naval  Observatory  time  was  used  was  only  $101. 

There  ore  now  217  stations  of  the  first  order  in  the  United  States  and  6  in 
Alaska  and  the  Hawaiian  Islands.  Within  the  next  five  years  it  is  hoped  that 
nearly  as  many  more  will  be  established.  The  new  stations  will  probably  cost 
about  $100  each. 

The  great  value  of  a  gravimetric  survey  will  not  be  discussed  here,  for  this 
phase  of  the  work  will  be  considered  in  other  papers  which  are  to  be  presented 
before  this  section. 

The  Chairman.  Mr.  Bowiie's  admirable  papers  are  before  you  for 
discussion.  They  certainly  give  us  very  clearly  and  very  definitely 
figures  such  as  may  be  supplied  to  our  governors. 

Mr.  Bauer.  Mr.  Chairman,  I  presume  in  every  case  the  cost  per 
station,  or  whatever  unit  is  used,  applies  to  the  actual  field  expenses, 
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not  to  the  observer's  salary  nor  to  the  expense  in  the  reduction  of  the 
observations  before  the  final  results  are  obtained.  That  question  is 
of  interest  frequently  in  some  other  countries;  for  example,  in  China. 
Many  observers  are  frequently  asked,  ^'Are  you  doing  this  work  for 
love  or  for  money  ?  ^  and  if  they  say  for  money,  the  Chinaman  wants 
to  know  how  much  you  are  getting.  That  is  an  important  consideni- 
tion — the  actual  cost  of  the  observers  and  the  final  reduction  of  the 
observations. 

Then  another  point  of  interest  I  have  had  occasion  to  work  oat 
some  figures  with  regard  to  the  cost  of  stations  for  the  magnetic 
observati<Mi8  in  the  United  States.  I  find  that  in  connection  with  the 
work  being  done  in  WashingUm,  we  have  to  increase  the  cost  consid- 
erably when  work  is  done  in  foreign  countries.  Take,  for  example, 
the  South  American  countries,  where  our  expeditions  have  penetrated 
now  in  all  the  countries.  My  experience  has  been  that  we  must  prae- 
tically  double  the  cost  per  station  in  South  America  over  what  it 
would  be  in  the  United  States.  I  am  quite  sure  that  the  cost  would 
be  50  per  cent  more  than  the  figures,  if  not  100  per  cent  more  in  the 
South  American  countries.  That  is  primarily  due  to  the  lack  of 
transportation  facilities  and  to  the  increased  cost  of  labor  in  South 
American  countries. 

Mr.  Bowie.  I  will  answer  the  last  question  first.  These  costs  in- 
clude the  pay  of  the  men.  So  far  as  the  labor  cost  in  this  country  is 
concerned,  we  are  paying  our  men  pretty  high  wages.  These  heli- 
ographers  who  sit  up  on  a  mountain  and  do  nothing  but  tap  a 
heliograph  are  paid  $80  and  s<Hnetimes  $90  a  month.  Twenty  years 
ago,  when  we  first  started  this  work,  or  15  years  ago,  we  gave  them 
about  $45  or  $50.  We  find  we  do  better  work  when  we  get  very 
high-grade  men.  The  other  fellow  will  cost  you  less  in  salary,  but 
he  may  tie  you  up  a  week,  and  that  will  cost  you  $200  or  $300.  The 
cost  in  the  South  American  countries  is  going  to  be  the  transportation 
problem.  We  have  not  the  railroads  there.  That  is  going  to  be  the 
great  trouble.  You  are  going  to  have  a  great  deal  of  difficulty  with 
that. 

There  is  one  point  I  left  out  in  my  paper  on  triangulation.  Mexico 
has  carried  a  triangulation  across  its  area  from  the  Pacific  to  the  Bio 
Grande  along  the  ninety-eighth  meridian,  something  like  12*'  or  10^ 
of  arc,  or  scnnething  like  that.  We  have  two  stations  on  the  Mexican 
side  and  two  on  the  United  States  side,  and  in  1912  I  went  down  to 
see  the  observations  made  at  those  four  stations  that  would  tie  the 
two  up  together — the  United  States  arc  and  the  Mexican  arc — but 
about  that  time  the  insurrectos  destroyed  a  bridge  and  the  work  has 
not  been  done  yet. 

Now,  we  are  probably  going  to  have  an  arc  of  triangulation  that 
will  extend  from  Puget  Sound  north  to  the  Arctic  Ocean.    I  think 
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I  can  announce  that  that  will  be  done.  The  Canadian  Government  is 
now  making  a  primary  triangulation  south  of  the  Dixon  Entrance, 
and  the  estimates  fcH*  the  next  fiscal  year  carry  an  item  to  extend  thi^ 
work  to  the  north. 

Finally,  with  regard  to  the  cost,  the  items  I  have  shown  you  to-day 
include  ^e  salaries  of  all  observers,  including  the  time  that  they  are 
at  the  office  preparing  for  the  work,  and  at  the  office  working  up 
anything  connected  with  the  field.  There  is  also  included  the  cost  of 
all  general  property  such'  as  automobiles,  wagons,  and  all  supplies 
These  are  included  in  these  costs,  but  the  instruments  are  not. 

Mr.  Bauer.  What  about  the  office  computations? 

Mr.  Bowie.  The  office  computations  are  not  included.  I  can  give 
you  the  cost  of  the  deductions  in  the  office  after  they  have  been  turned 
over  to  the  computer;  but  there  is  nothing  left  out  The  salaries  of 
all  observers,  their  travel  back  and  forth,  the  cost  of  automobiles, 
wagons,  etc.,  are  included,  so  that  that  is  the  actual  cost  of  the  field 
work.  The  office  work  is  another  story,  but  that  cost  is  so  small  com- 
pared with  the  field  work  that  it  would  not  be  an  item  in  deciding 
whether  to  carry  on  this  work  or  not. 

The  Chairman.  Are  there  any  further  remarks  on  this  interesting 
communication  ?  If  not,  I  will  call  for  the  next  paper,  which  is  by 
our  friend.  Dr.  Brashear,  on  the  72-inch  reflecting  telescope  which  he 
and  Messr&  Warner  &  Swasey  are  building  for  the  Canadian  Gov- 
ernment, for  the  Vancouver  Observatory. 


PROGRESS  OF  THE  WORK,  OPTICAL  AND  MECHANICAL,  ON  THE 
72-INCH  REFLECTING  TELESCOPE  FOR  THE  CANADIAN  OBSER- 
VATORY  AT  VANCOUVER. 

By  JOHN  A.  BRASHEaK, 
President  Henry  C,  Frick  Educational  Commission,  PitUburgh,  Pa. 

I  wiU  make  this  story  very  short  I  thought  you  might  be  interested  in  this 
work,  as  the  progress  has  been  rather  encouraging  in  the  making  of  the  great 
72-inch  reflector. 

About  three  years  ago  we  ordered  the  two  large  disks  from  the  St  Oobain 
glasB  worlcs  in  France,  and  they  had  them  both  made,  as  I  understand,  in  Bel- 
gium.  The  larger  disk,  which  was  for  the  parabolic  mirror,  was  finished  and 
reached  Antwerp  Just  a  we^  before  the  war  broke  out,  and  we  were  fortunate 
in  getting  it  into  this  country ;  but  the  55-inch  disk,  which  we  had  ordered  for 
tlie  plane  mirror,  from  which  we  expect  to  parabolize  the  large  mirror,  is,  1 
think,  still  in  the  factory  in  Charleroi,  Belgium*  if  there  is  anything  left  of  it— 
i.  e.,  if  a  shell  has  not  hit  it  Of  course,  if  it  has  done  so,  with  the  tension 
Qsnally  characteristic  of  such  massive  disks  of  glass,  I  do  not  think  there  is 
much  left  of  it  However,  we  succeeded  in  getting  the  larger  disk  to  our  work- 
shop, but  with  considerable  trouble,  as  there  was  only  one  truck  in  the  city  of 
Pittsburgh  capable  of  handling  it  but  we  finally  got  it  to  the  works  safely.    It 
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was  nicely  packed,  with  very  little  soft  material  under  and  around  It,  but  tbe 
French  had  done  the  imcking  so  carefully  that  there  was  not  even  a  <dilp  off 
the  disk. 

Work  on  the  disk  was  conunenced  immediate.  We  concluded  to  rou^ 
grind  it  in  tlie  upper  part  of  our  shops,  where  the  question  of  temperature  did 
not  concern  us,  but  great  care  had  to  be  taken  even  in  this  roughing  process 
t)ecau8e  a  former  disk  had  burst  in  our  liands  which  would  probably  have  kUled 
^e  man  who  was  working  on  it  if  it  had  not  been  surrounded  with  a  tremen- 
dously heavy  steel  band,  so  we  went  at  the  work  very  cautiously  and  car^^uUy. 
We  commenced  this  roughing  process,  I  think,  ^ut  September  1,  1914,  and 
.about  the  first  of  the  following  April  we  had  it  ready  to  take  off  the  big 
machine.  The  disk  was  then  removed  to  the  lowar  or  basement  department, 
where  the  temperature  conditions  are  very  much  better  and  where  we  could  do 
^e  finer  work  much  more  efficiently.  After  it  was  fined  and  polished  on  the 
.curved  surface,  we  found  our  tests  very  satisfactory  und^  the  t^nperature  con- 
.ditlons  of  the  basement,  where  we  have  tested  many  smaller  instruments.  In 
this  basement  we  have  a  tube,  length  75  ft,  diam.  6  ft.,  with  space  between  the 
outer  and  inner  lining  of  6  inches  filled  with  sawdust,  making  it  possible  to  con- 
trol the  temperature  nicely.  When  I  left  home  the  mirror  had  about  reached  the 
j)oint  where  another  half  hour  would  complete  the  spherical  form,  from  whidi 
we  expect  to  make  the  plane  mirror ;  but  where  are  we  going  to  get  the  disk  for 
that  plane  mirror?  Our  good  friends  of  Mount  Wilson,  with  Dr.  Woodward  at 
<their  head,  and  Dr.  Hale  and  Dr.  Adams  at  the  other  end  of  the  line,  have 
.offered  us  the  use  of  their  plane  when  they  have  finislied  the  100-inch  mirror, 
hut  we  are  very  anxious  to  liave  a  plane  for  ourselves.  We  have  tried  aevaral 
x>f  the  great  glass  works  in  Pennsylvania,  but  they  liave  all  fallen  down  on  the 
55-inch  disk.  We  have  now  a  contract  with  a  gentleman,  who  has  promised  to 
undertake  to  make  it,  who  was  associated  with  the  people  in  Jena,  and  also 
^ith  the  French  people  for  a  while,  and  he  may  succeed.  There  are  a  numl>er 
.of  offers  from  other  parties  to  undertake  the  making  of  this  disk,  showing  tlie 
kindly  friendship  of  our  manufacturers. 

Dr.  Pickering  has  offered  us  the  use  of  one  of  his  60-inch  mirrors,  and  there 
are  several  others,  but  we  are  afraid  the  disks  are  too  thin.  So  far  we  have 
gotten  along  very  nicely  with  the  work,  and  the  material  of  the  disk  is  so  very 
-nearly  perfect  in  its  entirety  that  our  success  to  the  present  time  has  been 
remarkable.  There  is  one  place,  almost  in  a  straight  line,  where  there  are  a 
^ew  bubbles.  The  glass  is  almost  transparent  enough  for  a  refractor,  although 
it  is  green  in  color.    Our  success  so  fur  has  been  very  gratifying. 

It  may  be  of  interest  to  state  that  tbe  87-inch  mirror  we  were  correcting  for 
Dr.  Campbell  burst  while  we  were  cutting  a  hole  in  it  to  make  it  possible  to  use 
as  a  Cassegrain.  We  were  using  all  the  care  possible  and  exercising  all  the 
imtience  we  could,  but  in  attempting  to  cut  a  8i-inch  hole  in  the  mhrror  it  burst 
into  a  thousand  pieces.  This  experience  made  us  take  extraordinary  care  in 
.enlarging  the  hole  in  the  72-inch  mirror,  which  had  been  cast  with  a  small 
opening  in  it,  and  we  spent  nearly  a  month  boring  the  hole  from  about  6  indies 
to  lOi  inches.  But  we  succeeded  nicely,  and  after  we  had  the  hole  cut  we  did 
•not  have  much  fear  of  the  disk  breaking.  It  will  take  about  a  minute  to  show 
you  the  plan  that  was  devised  for  cutting  that  hole.  Here  is  the  central 
shaft,  looking  at  it  endwise — a  cutter  or  grinder  made  of  thin  steel,  shaped 
like  the  letter  S;  so  that  as  it  rotated,  if  there  were  any  places  where  there 
were  elevations,  it  would  not  strike  hard  enough  to  put  a  strain  on  the  glass. 
Tliere  was  very  little  done  each  day,  but  we  succeeded  in  making  a  very  l>eauti- 
i^ul  opening  in  the  center  of  the  mirror.    We  would  have  liked  to  Imve  it  larger, 
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but  tboui^t  we  had  better  not  take  the  tUk.    The  progren  00  ftir  has  been 
very  satisfactory. 

Aa  to  the  Instmmental  part,  I  mw  Mr.  8waaey  last  nli^t  and  asked  him 
about  It  He  said  he  thought  their  firm  would  finish  the  entire  mounting 
about  the  1st  of  March,  and  tranq[)ortatlon  has  already  been  arranged  for  the 
same  to  Victoria. 

The  hill  on  which  this  telescope  Is  to  be  placed  Is  not  very  far  from  Victoria. 
Its  elevation  Is  about  750  feet  They  will  not  have  as  many  clear  nli^ts  as  at 
Mount  Wilson,  but  there  Is  this  one  great  advantage — that  the  average  tempera- 
ture change  for  the  entire  year  at  the  place  selected  is  only  about  25*  and  the 
average  daily  change  only  about  15**  from  midday  to  midday  again,  which  Is,  as 
you  know,  a  very  Important  element  In  the  successful  use  of  large  mirrors  or 
large  objectives.  Tou  will  realize  the  Importance  of  It  when  I  tell  you  that 
after  my  associate,  Mr.  McDowell,  has  worked  25  minutes  on  the  surface  of 
the  large  mirror  he  must  wait  20  to  24  hours  before  he  knows  the  result  of  his 
polishing,  and  that  too.  In  a  place  where  the  temperature  conditions  are  made 
as  perfect  as  possible. 

I  have  brought  with  me  a  ftew  pictures.  Here  Is  a  picture  of  the  great 
mirror  Itself,  somewhat  foreshortened.  It  Is  a  littie  over  12i  Inches  thick. 
Loewe^s  formula  for  reflecting  telescope  mirrors  Is  one-sixth  of  the  diameter  of 
the  mirror.    We  have  made  it  a  little  more  than  that  thickness. 

The  next  picture  irtiows  you  the  great  tube.  This  to  pretty  well  along — 
Indeed,  practically  finished.  The  n^  picture  will  show  you  the  beautiful 
mounting.  This  gives  you  a  very  ftiir  Idea  of  the  work  as  it  Is  now.  You  will 
notice  that  all  useless  paraphernalia  to  eliminated,  and  the  appearance  of  the 
instrument  Is  very  beautiful  from  what  may  be  called  the  instrumental  side. 
The  piers  weigh  about  500  tons.  The  telescope,  with  the  tube,  will  weigh 
about  66  tons ;  the  entire  Instrument,  with  its  two  piers,  when  It  is  erected  will 
weigh  about  505  tons.  Of  course,  we  are  all  anxiously  looking  forward  to  the 
completion  of  the  mirror,  and  we  hape  we  will  have  no  accident  Thto  to  all 
I  have  to  say ;  but  there  to  Just  one  little  plea  that  I  would  like  to  make,  which 
will  only  take  about  a  minute. 

I  want  to  get  our  astronomers  to  remember  that  there  are  lots  of  people  In 
this  world  besides  astronomers  who  like  to  know  what  we  are  doing  in  thto 
beautiful  science.  I  have  had  a  great  deal  of  success  in  my  own  humble  efforts 
in  enabling  people  who  are  not  astronomers  to  have  the  advantage  of  our 
astronomical  observatories ;  and  the  benefit  that  it  is  to  the  astronomer  himself 
is  simply  astonishing.  May  I  tell  you  that  when  I  want  any  money  for  the 
observatory  at  Pittsburgh  I  can  get  it  without  any  trouble  whatever.  When  I 
raised  the  $800,000  to  build  the  observatory  to  the  memory  of  my  dear  friends, 
T^ngley  and  Keeler,  I  told  my  good  wife  what  I  was  going  to  do.  She  said  to 
me,  "Why,  Pa,  what  to  the  use  of  you  trying  to  raise  the  money?  You  never 
begged  any  money  before ;  you  would  not  beg  for  a  crust  if  you  were  hungry.'* 
I  said,  '*  No ;  I  would  steal  the  crust."  But  when  It  came  to  working  for  the 
building  ot  the  observatory  I  had  the  good  fortune  to  raise  the  |800,000  with 
the  least  trouble  you  can  Imagine.  When  I  want  any  money  now  I  go  to  the 
people  who  know  that  we  are  Interested  in  teaching  these  beautiful  things  to 
the  layman ;  and  to  show  you  what  we  are  doing,  on  the  next  slide  I  show  you 
the  observatory  that  is  built  to  the  memory  of  those  men  whom  we  all  love  so 
well.  Thto  smaller  dome  with  Its  18-inch  refractor  to  devoted  to  the  use  of  the 
people.  The  beauty  of  it  is  that  it  does  not  Interfere  with  the  scientific  re- 
^^rch ;  that  goes  on  without  interruption.  When  I  told  a  gentleman  about  the 
work  that  we  Intended  to  do,  and  that  a  lady  had  talked  about  endowing  thto 
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free  department,  he  said,  "  Let  me  do  that,**  and  when  I  opened  my  satdiel  that 
night,  after  leaving  liim  to  go  to  bed  in  the  Pnllman  car,  I  noticed  a  piece  of 
paper  tumbled  out  I  knew  I  had  not  put  the  paper  there,  and  when  I  picked  it 
up  I  saw  that  it  was  a  ctieck  for  $500  to  run  the  observatory  until  he  arranged 
for  the  endowment  Now,  wliat  is  the  result?  I  received  a  r^)ort  from  Director 
Roll k^I nicer  just  before  I  came  here;  18,615  pec^le  have  taken  advantage  of  the 
free  department  in  the  six  years  the  observatory  has  been  c^p^ied  to  the  people. 
They  are  interested  and  want  to  come  l>ack  again.  We  extend  our  invitations 
to  the  academies,  to  the  women's  schools,  to  the  high-school  children,  to  the 
high-school  professors,  to  the  professors  of  the  grade  schools,  and  to  the  people 
at  large.  During  the  summer  the  tickets  of  admission  are  taken  for  one  to  two 
months  ahead ;  and  the  gentleman  who  endowed  the  free  d^iartment  of  the  ob- 
servatory says,  **  If  you  can  not  take  care  of  the  people,  I  will  build  another 
observatory.** 

The  people  love  our  work.  They  want  to  know  something  about  it  Liast 
night  I  met  the  wife  of  one  of  your  most  eminent  military  men,  who  said,  **  Oli, 
I  have  loved  astronomy  all  my  life,  but  I  have  not  had  half  the  chance  I  would 
like  to  study  it**  These  are  the  people  we  want  to  help,  and  I  make  my  plea 
that  when  we  have  a  good  thing,  let  us  share  it  with  the  other  fellow.  When 
the  night  is  bad  we  have  a  l>eautiful  lecture  room  that  was  finished,  furnished, 
and  equipped  by  two  good  friends.  We  have  500  or  600  lantern  rtides  taken 
right  from  the  heavens.  The  slides  and  the  lectures  given  by  some  of  the 
observatory  staff  are  fully  enjoyed.  Let  us  send  out  to  others  the  beaatifal 
things  we  enjoy  in  this  world,  for  it  is  in  sharing  them,  it  is  in  giving  them  to 
the  other  fellow,  where  half  the  happiness  is.  My  old  friend  Htiygens — I  call 
him  my  friend  because  I  love  his  hooka — said  in  the  preface  to  one  of  them 
these  words :  **  I  find  the  saying  of  Arcliytas  true,  even  to  the  letter,  that  *  tho* 
a  man  were  admitted  into  Heaven  to  view  the  wonderful  fabrick  of  the  world, 
and  the  beauty  of  the  stars,  yet  what  would  otherwise  l>e  riq;>ture  and  extasie^ 
would  t>e  but  a  melancholy  amazement  if  he  liad  not  a  friend  to  communicate  it 
to.'  **  It  is  in  communicating  knowledge  to  others  that  we  get  real  happiness. 
What  good  is  it  if  we  make  all  these  wonderful  discoveries  in  the  heavens  if  we 
do  not  make  somebody  else  happy  by  telling  of  tliem? 

"*  When  a  bit  of  sunshine  hits  ye. 

After  passin'  of  a  cloud. 
When  a  fit  of  laughter  gits  ye. 

And  your  spine  is  feelin'  proud, 
I>on*t  forget  to  up  and  fiing  it 

At  a  soul  that's  feelin'  blue. 
For  the  minit  that  you  fling  it 

It*8  a  l)oomerang  to  you." 

Note. — An  attempt  to  make  the  G5-iiich  disk  by  one  of  our  large  plate-glass  manaftu> 
tnrera  was  a  failure,  bat  the  72-lnch  mirror  is  being  parabolixed  bj  a  new  method  with 
great  hope  of  success. 

The  mounting  by  the  Warner  ft  Swasey  Co.  has  been  delivered  at  the  observatory  on 
Baanich  Hill,  near  Victoria,  and  luis  been  successfully  erected.  It  has  been  pronounced 
one  of  the  most  perfect  pieces  of  mechanism  ever  constructed  for  an  astronomical  instru* 
ment  The  massive  mounting,  with  the  tube  to  carry  the  great  mirror,  is  made  to  move 
in  right  ascension  so  smoothly  that  the  energy  required  to  run  a  16-candlepower  electric 
lamp  is  found  sufficient  to  drive  this  65  tons  of  telescope  and  mounting.    (Oct.  80,  1916. > 

Sbcond  Notb. — ^After  many  difficulties  encountered  in  the  corrections  of  this  great 
mirror,  it  is  at  this  writing  receiving  its  finishing  touches  and  will  shortly  be  com- 
pleted.    (Oct.  IB,  1917.) 
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The  Chairman.  I  am  sure  we  are  all  indebted  to  Dr.  Brashear  for 
this  communication.  Are  there  any  remarks  or  questions  c<mcem- 
ingit? 

Mr.  Bbasuear.  I  shall  be  glad  to  answer  any  questions. 

The  Chairman.  It  is  a  matter  of  surprise  that  such  progress 
should  have  been  made  in  the  construction  of  this  great  reflecting 
telescope  when  we  compare  the  progress  made  hitherto;  but  we 
should  remember  that  this  instrument,  or  the  optical  part  of  it,  is 
being  made  by  Mr.  Brashear,  and  that  they  are  getting  the  benefit 
of  his  great  skill  and  experience. 

Mr.  Brashear.  I  want  to  give  a  large  share  of  the  credit  to  my 
good  son-in-law,  who  is  doing  the  refined  work  now. 

The  Chairman.  So  Dr.  Brashear  is  going  to  have  a  successor. 
That  is  very  important  for  scientific  work.  We  want  to  see  to  it 
that  our  eminent  folks  have  successors. 

Mr.  Brashear.  Another  thing  that  is  of  interest.  In  the  fund  that 
was  given  for  the  benefit  of  the  free  department,  there  was  enough  so 
that  a  post-graduate  course  is  given  to  one  or  two  astronomers  every 
year,  and  all  the  work  that  is  asked  of  these  men  is  that  they  devote 
three  nights  to  the  people.  And,  by  the  way,  the  telescope  that  is 
used  is  the  one  that  Langley  did  his  wonderful  work  with,  so  it  is 
being  put  to  continuous  good  use.  I  think  we  have  completed  the 
education  of  two  Canadians  now  in  that  observatory. 

The  Chairman.  If  there  are  no  further  remarks,  I  will  call  for 
the  last  paper  on  our  program,  the  title  of  which  is  '^The  Mount 
Wilson  Solar  Observatory,''  by  Prof.  F.  H.  Scares,  who  is  the  repre- 
sentative of  the  observatory  on  this  occasion. 


THE  MOUNT  WILSON  SOLAR  OBSERYATORT. 

By  FREDERICK  H.  SEARES, 
8uji>erintendent  Computinff  DiviHan,  Mount  Wilson  Solar  Observatory. 

The  Mount  V^Tilson  Solar  Observatory,  one  of  the  11  departments  of  research 
of  the  Carnegie  Institution  of  Washington,  was  established  in  1904.  Its  as- 
tronomical instruments  are  on  Mount  Wilson  In  sonthern  California,  6,700  feet 
above  sea  level.  In  the  valley,  In  the  neighboring  city  of  Pasadena,  are  the 
library,  the  physical  laboratory,  the  machine  and  optical  shops,  and  the  adminis- 
trative offices  of  the  observatory. 

Members  of  the  scientific  staff  remain  on  the  mountain  only  while  engaged 
in  the  work  of  observing.  All  reductions  and  calculations  are  made  at  the  office 
In  Pasadena,  where  the  services  of  the  computing  division  are  available.  The 
staff  Includes  a  scientific  personnel  of  about  80  individuals  and  an  equal  num- 
ber of  opticians,  draftsmen.  Instrument  makers,  machinists,  and  other  assistants. 

Since  Its  inception  the  observatory  has  been  under  the  direction  of  Oeorge 
Ellery  Hale,  and  the  features  which  make  it  unique  are  an  expression  of  his 
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originiility,  and  his  boldness  and  freedom  from  tradition  in  attaddnc:  new  and 
difficult  problems.  Ttie  observatory  is  more  than  a  fulflllment  of  the  plans 
for  its  development*  for  the  plans  themselves  were  the  ontcome  of  Ions  years 
of  experience  at  the  Kenwood  and  Yerkes  Observatories,  where  the  investiga- 
tions undertaicen  by  Dr.  Hale  were  preliminary  to  those  now  in  progress  at 
Monnt  Wilson. 

ObservatorieM  are  sometimes  planned  before  a  definite  program  of  astrcmoml- 
cal  observation  has  been  formulated.  The  instmmental  equipment  then  pro- 
vided is  commonly  of  a  certain  conventional  type,  applicable  with  nearly  equal 
facility  to  various  recognized  lines  of  investigation.  Some  freedom  of  cholea 
and  a  pleasing  richness  of  opportunity  are  thus  open ;  but  the  very  diversity  of 
the  things  that  may  be  undertaken  sets  a  limit  to  what  can  be  accomplished. 
The  conventional  pattern  of  the  tools  sometimes  makes  them  useless  for  the  Job 
that  is  special  or  peculiar. 

But  with  the  Solar  Observatory  the  problem  has  always  preceded  desijEcn  and 
construction.  The  observatory  was  brought  into  existence  for  a  pa*fectly  defi- 
nite purpose,  and  its  original  expeditionary  character  was  changed  to  that  of 
a  permanent  institution  of  research  because  definite  questions  required  con- 
tinued study  with  highly  specialized  instruments.  Its  initial  purpose  and  all 
Its  early  equipment  were  concerned  with  the  sun,  but  other  fields  of  activity 
have  been  in  view  from  the  first,  and  could  not  well  have  been  ignored. 

Tlie  many  questions  raised  by  the  varied  phenomena  of  the  sun  are  not 
limited  to  the  solar  system.  They  suggest  an  equal  number  of  questions  as  to 
the  phenomena  of  other  suns,  and  we  are  instantly  at  face  with  the  great 
problem — the  history  of  the  universe  of  stars ;  for  the  stars  are  also  8uns«  not 
so  different  in  the  average  from  our  own. 

The  stars  must  accordingly  be  studied,  both  for  their  individual  peculiarities  and 
for  their  relations  to  each  other  and  the  things  which  are  common  to  all.  What 
we  observe  In  the  sun  can  find  its  full  explanation  only  when  examined  from 
the  wider  viewpoint  of  the  universe  of  suns.  Just  as  human  personalities  are 
to  be  comprehended  only  when  the  influence  of  race  and  civilization  and  all 
the  varied  and  Intricate  forces  of  environment  are  measured  and  brought  to  a 
resultant.  The  ultimate  problem,  the  growth  of  the  stellar  system,  its  past 
history  and  probable  future  development,  thus  appears  with  a  clearness  of 
statement  little  justified  If  one  thinks  only  of  an  Immediate  solution.  But 
however  remote  a  satisfying  solution  may  be  and  however  insurmountable  the 
intervening  obstacles  may  appear,  the  goal  must  be  marked,  if  the  things  that 
may  be  done  now  are  to  be  brought  into  proper  correlation  and  utilized  to 
their  fullest  efficiency. 

We  may  state  therefore  that  the  purpose  of  the  Solar  Observatory  is  the  study 
of  stellar  evolution ;  its  actual  operations  are  concerned  with  numerous  special 
questions,  carefully  selected  and  coordinated,  which  have  a  critical  bearing  on 
the  problem  of  stellar  development.  They  are  far  more  diversified  than  might 
be  Inferred  from  a  too  literal  interpretation  of  the  observatory *s  name,  and  fall 
into  two  groups,  one  concerned  with  the  distribution,  distances,  motions,  spectra, 
colors,  and  brightness  of  the  stars,  and  all  specialized  questions  relating  to  their 
physical  condition,  the  other  with  those  phenomena  usually  associated  only 
with  the  sun,  but  here  recognized  as  stellar  characteristics  revealed  in  the  one 
star  within  reach  of  detailed  observation. 

Since  we  must  observe  faint  stars  as  well  as  the  brightest  object  of  the 
heavens,  difPerent  types  of  instruments  are  required.  For  the  stars,  telescopes 
of  great  light-gathering  power  are  necessary ;  when  their  spectra  are  to  be  ex- 
amined moderate  or  low  dispersion  alone  can  be  employed.  A>r  the  Inminositr 
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satbered  even  by  a  threat  telescope  is  insofflcieDt  uulees  the  Bpectnim  be  small. 
With  the  mm  there  is  an  abandance  of  light;  high  magiiiflcation  and  great 
di^MTsion  can  accordingly  be  naed. 

As  most  obeervaUons  are  made  photograiihlcally,  the  telescope  of  a  modem 
obeervatory  is  only  a  camera  adapted  to  the  needs  of  the  astronomer.  The 
principles  of  design  are  those  which  giude  the  photographer  himself  in  select- 
ing his  Inatromtfit;  for  pictures  of  large  scale,  the  objective  is  of  long  fbcns; 
thus  the  telephoto  attachment  is  a  derice  for  increasing  focal  length  without  ex- 
ceeding the  convenient  dimensions  of  the  ordinary  camera;  for  dilBcult  condi- 
tions of  illumination  the  objective  is  of  large  relative  aperture.  In  order  that  the 
exposure  times  may  fall  within  practicable  limits.  Focal  length,  therefore, 
means  magnifying  power,  while  large  aperture  is  the  critical  factor  in  dealing 
with  faint  objects.  For  stars  the  linear  diameter  of  the  objective  is  important 
but  for  objects  of  perceptible  dimensions  it  is  only  the  ratio  of  aperture  to 
focus  which  counts. 

For  solar  observations  we  thus  select  telescopes  of  uKHlerate  aperature,  but 
since  the  magnlllcatlon  is  to  be  extreme,  of  a  focal  length  as  great  as  various 
limiting  conditions  will  permit  For  stars  we  need  an  objective  or  mirror  of 
the  greatest  possible  sise,  combined  with  a  focal  length  appropriate  to  the 
problems  to  be  solved.  These  details  are  elementary,  but  they  show  why  the 
instruments  of  the  Solar  Observatory  have  the  form  they  possess. 

For  Important  advances  it  was  evident  that  telescopes  of  unusual  dimensions 
would  be  required,  a  circumstance  emphasized  by  the  desirability  of  using, 
with  telescopes  of  long  focus,  spectroHCopee  also  of  great  focal  length.  In  order 
that  the  spectra  of  the  sun  and  the  stars  might  be  studied  under  a  dispersion 
in^eater  than  any  prevloudy  employed.  Engineering  dilBculties  were  thus  raised 
whoHe  solution  has  led  to  unusual  types  of  construction  and  mounting. 

The  first  of  these  instruments,  a  solar  instrument  and  the  simplest  in  design, 
was  the  Snow  telescope,  originally  constructed  fbr  the  Yerkes  Observatory 
but  later  acquired  for  use  at  Mount  Wilson.  Its  principle  is  that  of  the  photo- 
heliograph,  so  successfully  used  for  the  observation  of  eclipses.  A  coelostat 
consisting  of  two  movable  flat  mirrors,  reflects  a  beam  of  light  into  a  concave 
mirror  of  eO  feet  focus,  which  returns  the  rays  In  a  horizontal  direction  to  the 
focal  point  and  forms  an  image  of  the  sun  6.7  Inches  In  diameter.  The  more 
important  pieces  of  auxiliary  apparatus  are  a  spectrograph  of  18  feet  focus 
and  a  5-foot  qiectrohelfograph. 

Bxperi^ice  with  this  instrument  indicated  that  important  advantages  would 
be  secured  by  placing  the  optical  axis  of  the  telescope  In  a  vertical  position; 
with  the  Snow  telescope  It  Is  horlaontal.  The  beam  of  light  would  then  cut  the 
atmospheric  stvata  perpendicularly,  its  mean  elevation  above  the  heated  layers 
Hose  to  the  ground  would  he  greater,  and  the  spectrograph  could  be  placed 
in  a  subterranean  pit  under  practically  constant  conditions  of  temperature. 

The  first  of  the  tower  telescopes  was  accordingly  constructed,  its  focal  length, 
like  the  Snow  telescope,  being  60  feet.  The  beam  of  sunlight  is  thrown  ver- 
tically downward  through  a  12-inch  objective  by  a  coelostat  at  the  top  of  the 
tower,  the  solar  image  being  formed  60  f^et  below  in  the  observing  room  at 
the  base.  The  light  passes  through  the  slit  downward  into  the  pit  containing 
the  body  of  the  spectrograph ;  it  is  dispersed  Into  a  spectral  band  and  returne<l 
to  the  surface,  where  it  Is  registered  on  a  photographic  plate,  thus  revealing 
the  spectral  peculiarities  of  that  part  of  the  solar  image  lying  on  the  slit 
whether  the  photosphere,  the  chromosphere,  or  a  sun-epot  The  pit  also  con- 
tains a  spectroheliograph  used  fbr  a  study  of  the  distribution  of  varioas  In- 
candescent gases  in  the  solar  atmosphere. 
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Tbe  (N>-foot  tower  telescope  is  of  a  type  not  prevloiuay  tested,  and  accord- 
ingly was  moderate  in  dimensions  and  simply  constructed.  But  trial  demon- 
strated the  usefulness  of  the  principle  and  showed  that  even  greater  focal 
length,  with  correspondingly  greats  magnification,  might  he  employed.  Plans 
were  then  made  for  a  second  tower  telescope,  with  a  focus  of  150  feet,  capable 
of  producing  a  solar  image  17  inches  in  diameter.  With  this  instrum^it 
minute  details  of  the  solar  surface  not  hitherto  observed,  can  be  studied  with 
ease.  A  spectrograph  of  75  feet  focus,  mounted  in  a  deep  pit  beneath  the  tower, 
has  a  dispersion  two  and  one-half  times  that  available  with  the  00-foot  tower ; 
the  scale  is  such  that  the  visible  region  in  the  third-order  qiectrum  haa  a 
length  of  about  50  feet  These  instruments,  the  Snow  telescope  and  the  two 
tower  telescopes,  are  the  main  equipment  for  solar  observations.  Althou£^ 
each  lias  proved  more  efficient  than  its  predecessor,  none  has  been  superseded, 
and  the  00-foot  tower,  which  is  especially  useful,  has  recently  been  given  a 
more  permanent  mounting  than  it  formerly  possessed. 

The  power  of  these  Instruments  is  indicated  by  what  has  been  accomplished 
by  their  use.  Thus  an  extended  investigation  of  the  solar  rotation  has  been 
made ;  new  values  of  the  angular  velocity  and  the  equatorial  acceleration  have 
been  found ;  and  it  has  been  established  that  the  velocity  of  rotation  is  to  some 
extent  a  function  of  elevation  in  the  solar  atmosphere,  the  vapors  of  calcium 
and  hydrogen  moving  faster  than  the  low-lying,  heavier  vapors.  The  chromo- 
spheric  spectrum  has  been  examined  and  mapped  with  a  precision  and  detail 
not  hitherto  possible.  Important  differences  between  the  center  and  limb  of 
the  sun  have  been  observed,  the  general  circulation  of  various  vapors  of  the 
solar  atmosphere  has  been  studied,  and  also  the  more  complicated  vortex 
movements  in  the  vicinity  of  sun-spots.  The  dose  similarity  of  sun-spot  spectra 
and  the  spectra  of  red  stars  like  Arcturus  has  been  established,  and  it  has 
been  demonstrated  that  wltliin  the  spot  umbra  the  temperature  is  lower  than 
in  the  adjoining  photospherlc  regions. 

It  has  been  found  that  every  sun-spot  is  the  center  of  a  powerful  magnetic 
field ;  the  strength  of  the  field  has  in  numerous  Instances  been  measured,  and 
its  variation  with  elevation  and  with  distance  from  the  center  of  the  spot  has 
been  studied.  The  fields  of  spot  groups  have  been  investigated,  whence  it 
appears  tliat  the  members  of  the  double  or  bipolar  groups  are  almost  In- 
variably opposite  in  polarity;  the  distribution  of  polarities  within  the  groups 
and  in  each  hemisphere  is  expressed  by  a  simple  law;  but  a  reversal  of  the 
whole  system  of  polarities  is  in  some  way  associated  with  the  transition  from 
one  cycle  of  sun-spot  activity  to  that  immediately  following. 

From  observations  of  the  magnetism  of  spots  it  was  but  a  step  to  observa- 
tions of  the  sun  as  a  whole  to  determine  whether  it  has  a  general  magnetic 
field  analogous  to  that  of  the  earth.  A  laborious  investigation  has  given  an 
affirmative  answer — as  a  first  approximation  the  sun  acts  as  a  uniformly 
magnetized  sphere,  with  its  magnetic  axis  inclined  some  0**  to  the  axis  of 
rotation.  Other  illustrations  might  be  given,  but  the  enumeration  is  not  In- 
tended to  be  complete,  and  we  turn  to  a  feature  of  the  observatory's  organiza- 
tion, without  which  some  of  the  things  mentioned  could  not  have  been  accom- 
plished. 

The  astronomer  is  ^  a  disadvantage  as  compared,  say,  with  the  chemist  or 
l^sicist ;  he  is  powerless  to  vary  the  conditions  which  determine  the  character 
of  what  he  observes ;  he  can  not  cause  the  repetition  of  any  single  phenomenon 
for  a  more  leisurely  study  of  its  details,  nor  does  he  know  what  would  have 
ooourred  had  the  conditions  been  differently  ordered.  Often  he  can  only  wait 
for  time  to  shift  changing  configurations  slowly  into  view,  as  in  the  case  of  the 
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▼arsin^  positions  of  the  planets.  Sometimes,  in  tlie  slow  transfonnations  of  an 
evolutionary  process,  he  can  bridge  endless  intervals  of  time  and  picture  the 
changing  details  by  studying,  among  the  individuals  affected,  those  which 
simultaneously  find  themselves  in  different  stages  of  development  But  fre- 
quently, without  further  clew,  he  can  make  no  progress  at  all.  The  phenomena 
are  so  complex  and  their  causes  so  obscure,  that  he  is  at  a  loss  as  to  how  to 
proceed.  Especially  is  this  true  of  occurrences  in  the  atmosphere  of  the  sun 
or  a  star,  wh«^  lie  finds  in  operation  powerful  and  little  understood  hydro- 
dynamic  forces,  the  intricate  and  confusing  effects  of  fluctuating  pressure  and 
temperature,  the  complicating  influences  of  powerful  magnetic  flelds,  and  per- 
haps also  those  of  extreme  electrostatic  conditions.  From  this  maase  there  seems 
but  one  means  of  escape:  to  en  tor  the  physical  laboratory  and,  by  empirical 
methods,  discover  conditions  which  reproduce  the  phenomena  viewed  at  the 
telescope.  Astronomy  to  some  extent  can  thus  be  made  an  experimental  science, 
and  the  astrophysicist  becomes  a  physicist  whose  laboratory  includes  the 
heavens  as  well  as  the  earth. 

Simple  illustrations  make  clearer  the  principle  involved.  Simplest  of  all  is 
the  identification  of  terrestrial  elements  in  the  spectra  of  the  sun  and  the 
stars.  This,  of  course,  could  not  have  been  done  at  all  without  parallel  investi- 
gation in  the  laboratory ;  but  the  result  is  so  familiar,  and  usually  receives  such 
emphasis  as  an  astronomical  achievement,  that  we  forget  the  indispensable  link 
in  the  evidence  supplied  by  the  physicist 

A  more  recent  accomplishment,  possible  only  with  highly  specialized  labora- 
tory equipment  relates  to  the  temperature  of  sun-q;)ots.  Enormous  numbers  of 
faint  closely-packed  lines,  not  to  be  identified  with  any  known  element  appear 
In  the  spectrum  of  a  spot  Laboratory  investigation  proves  them  to  be  asso- 
ciated with  chemical  compounds  which  exist  only  at  temperatures  known  to  be 
lower  than  that  of  the  photosphere  surrounding  the  spot  The  inference  as  to 
the  temperature  of  the  spot  is  obvious.  Again,  many  lines  in  the  spectra  of 
sun-spots  are  widened,  or  even  split  into  separate  components.  An  analogous 
laboratory  phenomenon  (the  Zeeman  effect)  is  well  known.  It  appears  when 
a  magnetic  field  surrounds  the  luminous  source  of  a  spectrum;  the  solar 
phenomenon  may  be  a  Zeeman  effect  originating  In  a  magnetic  field  surrounding 
the  spot  but  this  is  only  an  inference.  Comparing,  however,  line  by  line,  the 
spectra  of  spots  with  those  of  the  laboratory,  there  is  revealed  in  the  different 
lines  a  parallelism  of  structure  so  exact  as  to  leave  little  question  as  to  the  phe- 
nomenon with  which  we  are  dealing ;  when  the  resources  of  the  laboratory  are 
further  applied,  we  find  in  corresponding  components  of  solar  and  laboratory 
lines  an  exact  similarity  in  the  polarization  phenomena  which  are  a  unique 
characteristic  of  the  Zeeman  effect,  and  the  matter  Is  put  beyond  doubt.  With 
laboratory  aid  we  may  go  even  farther,  for  the  quantitative  relations  which  can 
there  be  established,  under  conditions  within  control,  give  at  once  the  strength 
of  the  field  surrounding  the  spot. 

These  illustrations  suggest  the  constant  demand  for  precise  and  detailed 
laboratory  data.  To  meet  this  the  equipment  must  be  extensive  and  powerful, 
and  capable  of  results  comparing  in  precision  with  the  astronomical  data  they 
supplement  The  laboratory  of  the  Solar  Observatory  has  accordingly  *been 
provided  with  electric  furnaces,  powerful  electromagnets,  and  spectrographs  of 
the  most  modem  and  efficient  type ;  one  of  30  feet  focus,  mounted  vertically  in 
a  well,  is  essentially  a  duplicate  of  that  beneath  the  60-foot  tower  on  Mount 
Wilson.  The  laboratory  has  also  much  other  apparatus  and  ample  sources  of 
electric  power,  including  high-tension  currents,  both  direct  and  alternating. 

For  the  problem  of  stellar  evolution  there  must  be  varied  and  numerous 
observations  of  the  stars  themselves.    Their  distribution  and  brightness,  their 
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mottont,  Mpectra,  and  colors  most  all  be  determined  with  predsloo  for  a  large 
nmnbera  of  objects  in  all  parts  of  the  sky,  and  of  all  magnitudes  from  the 
brightest  to  the  fftintest  Not  merely  individnal  stars,  but  star  dusters  and 
nebolie  mnst  also  be  observed.  An  instrument  of  the  highest  optical  power  Is 
therefore  required.  That  in  nse  at  Hovat  Wilsoa  is  a  reflector  of  5  leet  aperture 
and  25  feet  focus.  A  secoad  lastrament,  also  a  reflector,  with  an  apertare 
of  100  incheSi  is  now  under  comrtmctlon  and  will  shortly  be  completed. 

Althoui^  nomerons  engineering  difficulties  had  to  be  overcome,  these  instra- 
maits  are  not  unusual  in  mounting.  They  are  of  the  heavy,  rigid*  mac&ine  type 
of  construction  introduced  by  Warner  and  Swasey  for  the  large  r^ractor  of 
the  lick  Observatory.  The  great  mass  of  the  moving  parts — aiq;iroxlmat^y 
100  tons  for  the  larger  instrumeat — requires  special  methods  of  control;  but 
the  perfection  and  flexibility  of  the  modem  electric  motor  meets  all  require- 
ments. The  domes  and  buildings  are  of  metal,  with  thin  double  walls  in<d08lng 
air  BpaceB  for  iasulatioa.  As  there  are  ao  large  concentrated  masses,  tempera- 
ture equilibrium  is  quickly  established  at  nightfall,  and  the  harmful  Influence 
of  excessive  radiation  during  obaerving  hours  is  thereby  larg^y  avoided. 

The  great  light-gathering  power,  essential  for  most  stellar  inveetigations.  Is 
afforded  by  the  large  aperture  of  the  mirrors.  To  allow  the  range  in  magnifica- 
tion necessary  for  dlfPerent  classes  of  observations,  the  60-inch  reflector,  with 
a  principal  focus  of  25  feet,  is  provided  with  secondary  mirrors  for  Oassegrain 
combinations  having  equivalent  foci  of  80,  100,  and  150  feet  Similar  combina- 
tions, with  a  maximum  equivalent  focus  of  250  feet,  will  also  be  provided  for 
the  100-inch  reflector. 

The  reflecting  telescope  has  great  advantages,  notably  its  perfect  achromat- 
ism— ^light  of  all  colors  is  brought  to  a  focus  in  the  same  plane  and  with  equal 
exactness — ^and  its  freedom  from  the  absorption  effects  which  Influence  the 
quality  of  the  light  transmitted  by  most  objectives ;  but,  unfortunately,  its  field 
of  view  is  very  small.  With  the  large  ratio  of  aperture  to  focal  length  necessary 
for  rapid  photographic  action,  the  area  of  good  definition  is  only  about  one-half 
that  of  the  disk  of  the  moon. 

For  the  portrayal  of  extended  areas,  such  as  the  cloud  forms  of  the  Milky 
Way,  or  for  the  registration  of  the  i^)ectra  of  large  numbers  of  stars  with  the 
aid  of  an  objective  prism,  a  10-inch  Gooke  triplet  with  a  field  of  about  15*  is 
available.  The  combination  is  identical  with  one  of  the  modem  portrait  ob- 
jectives, but  of  larger  dimensions.  The  relatively  short  focus  of  45  inches  gives 
pictures  of  small  scale,  but  the  penetrating  power  Iq  great  and  the  instmment 
has  a  wide  field  of  usefulness. 

Each  problem  lias  its  own  requirements,  and  in  a  modern  observatory  the 
invention  and  design  of  special  Instruments  is  a  future  of  almost  every 
investigation.  As  the  construction  of  new  forms  of  apparatus  requires  much 
experiment  machine,  Instrument,  and  optical  shi^m  are  a  necessity,  and  those 
of  the  Solar  Observatory  have  always  occupied  an  important  place  in  its  organi- 
zation. AU  the  important  instmments  were  designed  by  members  of  the  staff. 
Most  of  the  optical  work  for  the  00-inch  and  all  of  that  for  the  100-inch  tele- 
scope has  been  done  by  the  observatory's  opticians.  Castings  of  unusual  size 
have- been  machined  elsewhere,  but  all  parts  requiring  very  careful  workman- 
ship, such  as  driving  clocks,  worm  gears,  slow-motion  attachments,  etc.,  and 
all  accessory  apparatus,  including  the  spectrographs,  have  been  made  in  the 
observatory  shops.  For  work  of  unusual  precision  a  special  sh<^  is  available. 
Among  the  many  instruments  completed  here  may  be  mentioned  several  com- 
parators, one  of  unusual  size,  for  the  measurement  of  solar  and  stellar  spec- 
tra.   The  most  important  undertaking  of  high  precision  now  under  way  Is  a 


ASTBOKOMY^  MSTBOBOLOQY,  AND  SBISMOLOOY.  299 

machine  for  ruling  diffraction  gratings  of  sices  larger  than  those  now  obtain- 
Mb,  Withoot  such  gratings  the  optical  possibilities  cl  the  tower  telescopes 
can  not  be  folly  ntUiaecL 

It  has  long  been  recognized  that  the  powers  of  human  industry  are  unequal 
to  a  complete  account  of  every  object  in  the  heavens ;  a  telescope  of  even  mod- 
erate dimensions  reveals  stars  by  the  million.  The  selection  of  representative 
objects  for  observation  is  therefcnre  a  matter  of  much  in^Mrtance  and  often- 
times of  no  little  difficulty.  A  method  of  ejection,  satisfactory  for  many  pur- 
poses, was  suggested  some  years  ago  by  Kapteyn,  who  proposed  that  the  stars 
in  about  200  regions  of  small  area,  uniformly  distributed  over  the  sky,  be 
intensively  studied,  and  that  all  possible  information  be  accumulated  with  re- 
ject to  their  numbers,  magnitudes,  motions,  spectra,  and  distances.  This  task 
is  not  impossible,  while  comprehensive  data  for  these  Selected  Areas  should 
yield  results  of  first  importance.  But  even  this  restricted  program  of  obser- 
vation is  beyond  the  resources  of  any  single  institution,  and  the  responsibility 
for  various  parts  of  the  undertaking  has  been  assumed  by  different  observa- 
tories. 

It  was  not  at  first  clear  that  such  questions  as  the  distribution  and  motions 
of  the  stars  bear  any  relation  to  the  problem  of  stellar  development ;  but,  for- 
tunately, the  Solar  Observatory  was  able  to  undertake  investigations  along 
some  <^  the  lines  in  which  Kapt^a  is  so  deeply  interested,  and  it  now  appears 
that  there  are  relationships  of  an  intimate  kind  between  the  details  of  the 
structure  of  the  universe  and  the  stage  of  development  in  which  its  constituent 
parts  find  th^nselves. 

For  questions  relating  to  the  physical  condition  of  a  star,  the  spectrograph  is 
the  most  important  of  all  instruments  of  research,  and  the  program  of  spec- 
trographic  observations  now  in  progress  at  Mount  Wilson  has  accumulated  a 
large  amount  of  data.  In  general  these  do  not  relate  to  objects  in  the  Selected 
Areas,  as  radial  velocities  were  required,  which  restricts  the  choice  to  brighter 
stars.  Although  systematic  observations  of  the  Selected  Areas  will  shortly  be 
undertaken  with  the  10-inch  triplet  and  an  objective  prism  for  the  determina- 
tien  of  q^ectral  types,  the  basis  of  selection  so  far  has  been  mainly  that  of 
iqpectrum  or  proper  motion.  Thus  the  observing  program  has  included  sev- 
eral hundred  stars  of  early  si;)ectral  types,  mainly  B  and  A,  and  extensive  lists 
of  later-type  stars  of  small  and  large  proper  motions,  respectively,  the  latter 
for  the  most  part  including  stars  of  known  parallaxes. 

To  understand  the  bearing  of  these  observations  it  is  necessary  to  recall 
Kapteyn*s  discovery  of  the  existence  of  two  streams  of  stars.  In  general,  indi- 
vidual stars  do  not  move  at  random  but  display  community  of  motion  to  a 
marked  degree.  Small  isolated  groups  having  a  common  motion,  like  that  in 
Ursa  Major,  have  long  been  recognised,  but  Kapteyn  found  that  the  majority 
of  all  the  stars  of  known  motion  belong  to  one  or  the  other  of  two  great  inter- 
penetrating streams.  The  phenomenon  is  so  obviously  of  fundamental  Impor- 
tance in  the  history  of  the  universe  that  every  att^npt  should  be  made  to 
increase  our  knowledge  of  its  details.  The  series  of  observations  mentioned 
were  for  this  purpose,  and  it  is  of  interest  to  see  what  has  been  learned. 

The  results  for  the  early-type  spectra,  supplementing  those  previously 
available,  show  that  stars  of  all  spectral  types  are  present  in  both  streams, 
though  the  proportion  is  not  constant  As  we  pass  from  stars  of  solar  type 
to  those  of  type  A,  and  thence  to  the  Orion  or  B  stars,  the  number  of  objects 
in  one  stream  decreases  as  compared  with  that  in  the  other,  and  at  the  same 
time  there  seems  also  to  be  some  change  both  in  the  direction  and  the  amount 
of  the  stream  velocity.    This  correlation  of  spectral  type  with  the  character- 
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istics  of  stream  motion  illustrates  the  relationships  existing  between  the 
«tars  as  a  system  and  the  phenomena  of  stellar  deyelopment — ^for  spectral  type 
indicates  the  evolntionary  stage  of  a  star — and  shows  the  importance  of  exam- 
ining all  stellar  phenomena  from  the  standpoint  of  interdepend^ioe. 

The  second  Investigation,  that  of  large  and  small  proper-motion  stars, 
^hows  that  the  objects  of  small  motion,  the  most  distant  stars  whose  radial 
velocities  can  at  present  be  measured,  also  belong  in  general  to  one  or  the 
^ther  of  the  two  streams.  Star  streaming  is  thus  no  local  phenomenon,  con- 
'fined  to  objects  in  the  vicinity  of  the  sun,  but  extends  to  the  ronotest  stars 
for  which  we  are  able  to  accumulate  data. 

A  question  of  fundamental  importance  in  studying  the  distribution  of  stars 
is  that  of  a  possible  loss  of  light  in  its  passage  throus^  space.  Particles  of 
^ely  divided  matter — meteoric  dust,  for  example— obstruct  and  modify  to 
some  extent  the  light  transmitted  from  a  distant  star  to  an  observer  on  the 
earth.  Whether  the  effect  is  appreciable  depends  upon  the  amount  of  ma- 
terial distributed  along  the  path  traversed  by  the  light;  with  anything  like 
wiiformity  of  distribution  the  amount  will  Increase  with  the  distance.  The 
result  Is  a  slight  change  of  color;  other  things  being  equal  a  distant  star 
will  be  redder  than  one  less  remote,  Just  as  the  sun  Is  redder  at  sunset  than 
«t  noon  because  of  the  greater  distance  traversed  by  its  rays  in  passing  through 
the  dust-laden  atmosphere  of  the  earth.  The  question  is  so  important  that 
much  attention  has  been  given  to  it,  although  final  results  have  not  yet  been 
obtained.  But  the  circumstances  are  significant  and  show  again  the  intimate 
relationship  of  different  classes  of  phenomena. 

It  is  characteristic  of  the  effect  in  question  that  the  change  in  color  modifies 
only  the  continuous  spectrum,  whose  intensity  in  the  violet  is  reduced  r^a- 
tively  to  that  In  the  red;  the  spectrum  lines,  which  in  the  main  determine 
the  spectral  type,  remain  unchanged.  Comparing  now  the  colors  of  near  and 
•distant  stars  of  the  same  spectral  type,  we  find  that  the  distant  stars  are 
actually  redder  than  our  nearer  neighbors.  The  observational  result  is  clear 
enough,  but  its  interpretation  requires  caution,  for  at  this  point  we  recall 
a  result  of  observations  on  the  sun,  namely,  the  great  difference  between  the 
spectra  of  the  center  and  the  edge  of  the  solar  disk.  This  appears  in  many 
of  tlie  lines,  though  it  escapes  attention  when  the  dispersion  is  low;  but  most 
strllting  is  the  greater  redness  of  the  light  from  the  limb,  due  to  the  greater 
effective  thickness  of  the  atmosphere  at  this  point.  It  is  possible,  therefore, 
that  the  color  differences  In  stars  of  the  same  spectral  type  may  be  due  to 
differences  In  the  thickness  of  their  atmospheres,  which  presumably  will  occur 
if  the  stars  differ  in  size. 

Now,  the  two  groups  of  stars  whose  colors  were  examined  certainly  differ 
in  size,  for  it  happens  that  the  distant  group  has  about  the  same  average  ap- 
parent brightness  as  the  nearer ;  the  actual  brightness,  and  hence  the  radiating 
fsurfaces  of  the  stars,  must  in  consequence  be  much  greater  than  in  the  case  of 
the  nearer  group.  The  difference  in  intrinsic  luminosity  can  not  be  due  to  a 
difference  in  brightness  per  unit  area  of  surface,  for  that  would  imply  a  differ- 
erence  in  temperature  and,  therefore,  a  difference  In  spectral  type,  whereas 
the  types  of  the  objects  compared  are  the  same.  The  observed  differences  of 
color  may  thus  have  notliing  to  do  with  the  loss  of  light  in  space,  but  depend 
instead  upon  the  size,  or,  as  more  commonly  stated,  upon  the  intrinsic  lumi- 
nosities or  absolute  magnitudes  of  the  stars.  A  rediscussion  of  the  material 
from  this  standpoint  leaves  little  doubt  that  absolute  magnitude  is  capable 
of  accounting  for  the  greater  part,  if  not  all,  of  the  change  of  color.  This, 
however,  does  not  settle  the  question  of  space  absorption,   for  the  objects 
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examined,  even  those  of  small  proper  motion,  are  only  moderately  remote  as 
stellar  distances  go,  and  the  phenomenon  may  still  be  of  Importance  for  very 
•distant  objects.    The  subject  will  be  considered  again  in  another  connection. 

It  is  of  interest  to  follow  the  relation  between  absolute  magnitude  and 
spectrum  a  little  further.  We  have  seen  that  the  distribution  of  intensity  in 
ithe  continuous  spectrum  varies  with  absolute  magnitude.  A  study  of  the 
rspectra  of  the  center  and  edge  of  the  sun*s  disk  also  suggested  the  possibility 
*of  a  relationship  between  intrinsic  luminosity  and  the  characteristics  of  cer- 
>taln  lines;  and  a  special  investigation  has  ^hown  that  the  relative  intensities 
•of  various  pairs  of  lines  are  a  reliable  criterion  of  absolute  magnitude  and, 
in  any  given  case,  may  be  used  for  Its  calculation. 

This  result  is  of  the  greatest  importance;  the  possibility  of  determining  the 
intrinsic  brightness  of  a  star  implies  the  possibility  of  finding  its  distance,  for 
•distance  is  easily  calculated  when  both  real  and  apparent  brightness  have 
■been  determined.  Thus  If  the  candlepower  of  a  street  lamp  be  known  and 
its  apparent  brightness  be  observed,  the  calculation  of  its  distance  is  a  matter 
«of  the  most  elementary  sort  Although  at  present  applicable  only  to  the 
Intermediate  and  later  types  of  spectra,  this  method  of  measuring  the  dis- 
tances of  stars  will  undoubtedly  prove  a  most  effective  instrument  for  further 
4tudy. 

These  two  or  three  Illustrations  are  typical  of  the  significance  of  the  more 
•extended  programs  of  q;)ectrographic  observation  now  in  progress  at  Mount 
Wilsoit  The  bearing  of  certain  individual  results  may  also  be  mentioned 
tbriefiy. 

There  can  be  little  doubt  that  different  spectral  types  represent  different 
stages  of  stellar  development,  but  until  recently  no  single  star  had  been  seen 
actually  to  change  its  type.  Presumably  such  variations  are  dependent  upon 
•changes  of  surface  temperature,  and  in  most  cases  are  probably  to  be  classed 
-with  the  slowly  varying  phenomena  of  an  evolutionary  type. 

For  some  years  it  has  been  known  that  many  of  the  short-period  variable 
«tars  undergo  marked  changes  in  color  synchronously  with  their  variations  in 
41ght.  A  variation  in  color  implies  a  change  in  spectrum;  to  determine  the 
nature  of  this  change,  one  of  the  brighter  cluster-type  variables,  RS  Bodtis, 
with  a  period  of  only  nine  hours,  was  observed  with  a  spectrograph  through- 
out its  cycle  of  light  fluctuations.  The  photographs  showed  an  unmistakable 
change  in  the  type  of  spectrum,  ranging  from  FO  at  the  minimum  to  B9  at 
maximum.  The  rapidity  of  the  change  (the  interval  from  minimum  to  maxi- 
mum is  less  than  two  hours)  is  extraordinary,  and  suggests  that,  whatever 
the  conditions  within  the  star,  those  which  determine  the  main  characteristics 
•of  its  spectrum  are  very  superficial. 

Not  out  of  harmony  with  this  is  another  result,  also  derived  from  a  variable 
star,  the  algol  RR  Draconis.  Here,  with  the  aid  of  photographic  plates  sensi- 
tive to  different  colors,  we  find  that  the  companion  star,  which  in  all  probability 
has  a  low  d^isity,  is  relatively  red,  while  the  central,  denser  body  is  white. 
There  is  not  much  doubt  that  here,  as  usual,  color  is  indicative  of  spectral 
t}i)e;  if  so,  the  usually  accepted  relation  between  density  and  spectrum  is 
reversed.  The  result  adds  to  the  gradually  accumulating  evidence  that  spec- 
trum represents  a  surface  condition,  and  that  among  the  redder  spectral  types 
are  to  be  found  low  as  well  as  high  density  stars,  while  the  whiter  objects 
occupy  an  intermediate  position.  The  bearing  of  these  results  upon  the  vroer 
of  stellar  development  is  apparent,  although  the  data  are  not  yet  sufficient 
for  definite  conclusions. 

Spectroscopic  observations  of  stars  fainter  than  the  tenth  or  eleventh  magni- 
tude can  be  made  only  with  a  great  sacrifice  in  precision  and  detail,  and  then 
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ofUy  with  the  aid  of  very  long  exposures.  The  study  of  the  fainter  stars  there- 
fore follows  other  lines,  one  of  the  most  important  heing  the  measurement  of 
brightness.  A  statistical  discussion  of  the  magnitudes  of  large  numbers  ift 
stars  throws  much  light  upon  the  structure  of  the  universe,  and,  in  the  absence 
of  numerous  determinations  of  distance,  Is  Indispensable  for  the  Investigation 
of  stellar  distribution. 

The  work  of  the  observatory  In  this  field  has  Involved,  first,  a  critical  exami- 
nation of  the  methods  of  photographic  photometry  and  the  determination  of 
fundamental  standards  of  brightn^  (the  North  Polar  Standards),  both  photo- 
graphic and  photovlsual,  for  a  graded  series  of  objects,  from  tbt  brightest  down 
to  the  faintest,  easily  observable  with  the  60-hu^  refiector;  and,  second,  tbs 
establishment  of  secondary  standards  In  the  Selected  Areas  on  and  north  of 
the  Equator.  The  latter  part  of  the  program  carrl^  with  It  the  determination 
of  the  brightness  of  all  the  stars  In  these  regions  down  to  about  the  eighteenth 
magnitude.  The  magnitudes,  on  a  homogeneous  system,  of  perhaps  a  hundred 
thousand  stars  will  thus  be  available  for  a  discussion  of  the  all-Important  rela- 
tions connecting  magnitude,  numbers  of  stars,  and  galactic  latitude. 

It  Is  planned  also  to  determine  the  photovlsual  magnitudes  (visual  magni- 
tudes derived  by  a  photographic  method)  for  a  considerable  number  of  these- 
objects,  in  order  that  their  colors  may  be  learned.  Since  photographic  and 
photovlsual  magnitudes  are  measures  of  tiie  Intensity  of  different  regkMis  of 
the  spectrum,  their  difference — tiie  color  tndex,  as  It  is  called — may  be  taken 
as  a  measure  of  the  star's  color.  A  knowledge  of  this  quantity  gives  a  <9ew  as 
to  physical  condition,  much  less  satisfactory  than  that  afforded  by  the  speettwa^. 
but  nevertheless  a  precious  bit  of  information  when  the  object  Is  too  faint  for 
spectroscopic  observation. 

The  value  of  a  knowledge  of  stellar  colors  is  illustrated  by  a  suggestive  result 
shown  by  the  colors  of  the  North  Polar  Standards.  As  one  considers  fainter 
and  fainter  objects  the  whiter  stars  gradually  disappear.  At  the  eighteenth 
magnitude  of  the  photovisual  scale  there  seem  to  be  few  or  none  whiter  than 
the  sun,  which  stands  about  midway  In  the  color  scale.  Whether  this  phenom- 
enon afPects  equally  all  regions  of  the  sky  or  whether  it  depends  upon  position 
with  respect  to  the  Milky  Way,  remains  yet  to  be  determined ;  color  Indices  for 
faint  stars  in  the  Selected  Areas  will  give  the  Information  necessary  for  a 
conclusion. 

This  excess  of  redness  in  the  fainter  objects  raises  again  the  question  of 
light  scattering  in  space.  Since,  on  the  average,  the  very  faint  stars  are  at 
enormous  distances,  their  colors  may  have  been  modified  to  an  appreciable 
amount  in  the  manner  previously  indicated,  although  the  large  and  small  proper- 
motion  stars  failed  to  give  any  certain  evidence  of  scattering.  Whatever  the 
cause,  it  acts  in  this  Instance  in  opposition  to  the  influence  originating  in  abso- 
lute magnitude,  for  we  know  that  the  fainter  stars  are  of  smaller  average 
luminosity  than  the  brighter  objects,  and  ought,  therefore,  so  far  as  this  factor 
alone  is  concerned,  to  be  relatively  white.  Actually,  as  just  stated,  they  are 
much  redder  than  the  nearer  objects.  Space  absorption  apparently  would  ac- 
count for  the  phenomenon,  but  It  may  also  be  due  to  the  fact  that  the  faint 
stars  are  Intrinsically  red — that  they  are  of  late  spectral  type.  A  final  decision 
must  await  the  accumulation  of  further  data.  In  one  direction,  however — that 
of  the  cluster  In  Hercules — it  is  reasonably  certain  that  there  is  no  considerable 
amount  of  absorption.  This  object  is  certainly  at  a  very  great  distance,  per- 
haps beyond  the  boundaries  of  the  galactic  system.  Anything  like  a  unlfbrm 
distribution  of  material  capable  of  producing  light  scattering  would  make  all 
the  fttars  in  the  cluster  Intensely  red,  unless  the  absorption  coefflclent  Is  much 
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fouaUer  than  the  values  uaiiaUy  aastgned.  As  a  matter  of  ftusC,  tbe  oolora  seem 
to  be  perfectly  normal,  and  show,  moreover,  a  normal  relation  to  the  spectra, 
which,  with  much  difficulty,  have  been  determlDed  for  a  few  of  the  stars. 

In  this  brief  survegr  of  certain  phases  of  the  work  of  the  Solar  Observatory 
there  has  been  no  account  of  many  Important  Investigations:  For  example,  u 
*i*orrelatlon  of  solar,  stellar,  and  laboratory  observations  of  spectra  wlilch  has 
yiven  Information  as  to  the  temperature  and  pressure  in  stellar  atmospheres; 
the  connection  of  the  WolMtayet  stars  with  a  later  stage  in  the  devel(^ment 
of  new  stars;  the  direct  determination  of  parallaxes;  the  photography  and 
study  of  nebulflB;  the  systematic  investigation  of  the  characteristics  of  stellar 
clusters;  and  the  misc^laneous  observation,  both  photometric  and  q;>ectro- 
«K.'<^ic  of  many  varlal)le  stars.  All  these  stand  In  an  intimate  relution  to  the 
ftroblems  outlined  In  a  general  way  in  the  earlier  paragraphs  of  this  account. 

In  closing,  one  other  feature  of  the  observatory^s  organization — perhaps  more 
accurately  of  its  admiuistration— should  be  mentioned.  Besides  the  services 
rendered  by  the  regufar  members  of  the  staff,  it  has  had  the  stimulating 
support  of  a  considerable  number  of  men  of  distinction,  who,  at  one  time  or 
unother,  have  Joined  in  Its  activities,  sometimes  only  briefly  as  visitors,  and 
sometimes  for  longer  intervals  in  the  closer  relation  of  research  associates. 
First  among  these  associates  stands  Kapteyn,  who  for  several  years  has  regu- 
larly spent  the  |ummer  on  Mount  Wilson.  Something  of  the  observatory's 
Indebtedness  to  his  wise  and  helpful  counsel  will  have  been  evident  from  the 
preceding  pages.  But  there  are  others,  among  them  Nichols  and  Julius,  Gale 
and  Sttfrmer,  and  Koch,  Chamberlin,  and  Wood.  With  problems  as  wide  in 
scope  as  those  under  investigation  at  Mount  Wilson,  questions  of  the  most 
varied  Import  are  constantly  arising.  These  frequently  lead  into  fields  of 
activity  in  which  others  are  more  qualified  to  speak  than  ourselves.  Temporary 
associations  of  such  individuals  with  its  staff  have  given  the  observatory  the 
advantages,  both  of  expert  assistance  and  advice,  and  of  the  great  stimula- 
tion which  comes  from  contact  with  fresh  and  original  points  of  view. 

The  Chaibman.  Yes.  This  work  of  the  Mount  Wilson  Solar 
Observatory  illustrates  perhaps  as  strikingly  as  could  any  enterprise 
of  modem  times  the  attacking  of  a  large  problem  with  adequate 
means.  The  problem  of  stellar  systems,  or  even  of  the  sun,  is  a  very 
large  one,  and  can  not  be  hopefully  attacked  except  by  such  means  as 
are  available  at  the  Mount  Wilson  Solar  Observatory. 

The  following  papers  were  presented  and  read  by  title  at  the 
final  session  of  subsection  A: 

Los  trabajos  geod^sicas  en  el  territorio  argentino,  by  Benjamin 
Garcia  Aparicio. 

ContribuiQao  para  o  estudo  da  oragraphia  brasileira,  by  Ghistao 
Ruch  Sturzenecker. 

M6todo8  seguidos,  resultados  obtenidos,  organizaci6n  y  fines  del 
Servicio  Geogr&fica  Militar  del  Uruguay. 

Determinaci6n  de  la  profundidad  de  la  costra  terrestre,  by  Galdino 
Negri. 
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LOS  TRABAJOS  6B0D£SIC0S  BN  BL  TBRRITORIO  ARGBNTINO. 

For  BENJAMIN  GARGlA  APARIGIO, 
Director  del  InsHtuto  Qeogrdfioo  Arpeniino. 

Todos  lo8  trabajos  de  esta  Indole  empiezan  a  preocupar  a  lo8  pafaes  sod- 
americanos,  tanto  por  bus  fines  Inmediatos  reladonados  con  la  respectiva  carta 
geogrdflca,  cuanto  por  las  consecuaicias  geom6rficas  e  Investlgaclones  clentffica» 
que  con  ellos  se  relaclonan.  No  podia  pnes,  ni  debfa  faltar  el  tema  geod^slco  eat 
el  vasto  programa  oflcial  de  este  Congreso. 

La  convenlenda  de  unlformar  m^todos  y  procedimlentos,  la  de  obtener  un  con- 
Junto  arm6nlco  de  puntos  geod^lcos  en  ambas  Am^lcas,  la  de  det^rmlnar  ICmltes 
cartogrdficos  preclsos,  la  probable  necesldad  del  c&lculo  de  un  nuevo  elfpsolde 
de  referenda,  son  razones  que,  entre  muchas  otras,  dan  oportunldad  al  conod- 
miento  de  la  orientad6n  adqulrlda  al  respecto  por  una  nad6n  como  la  que 
tengo  el  honor  de  representar,  excepdonalmente  aproplada  para  estudios 
geom6rficos  en  general  dada  su  extension  en  el  sentido  de  los  meridianos  que 
abarca  83**  de  latitud  y  va,  hasta  altas  latitudes  australes;  y  su  ampUtud  en 
el  sentido  de  los  paralelos,  que  Uega  a  16*  en  algunas  partes,  dando,  asf,  una 
considerable  superflde  tanto  por  su  magnltud,  superior  a  tres  miUones  de 
kil6metros  cuadrados,  como  por  su  espedal  colocaci6n  en  el  iiemisferio  S.  Im- 
perfectamente  conoddo  atln  en  su  forma  general.  A  estas  circunstandas  d^Mt- 
agregarse  la  de  su  conflgurad6n  orogrftflca  que  permlte  dlsponer  de  llanuras 
extensas  aptas  para  la  nitlda  determinad6n  de  la  figura  tipica  de  nuestro- 
planeta,  por  la  probable  ausencia  de  Irregularidades  locales  de  conslderad^n  r 
asi  como  de  las  altas  montafias  de  la  cadena  Andlna  y  de  las  sierras  bajas  y 
aisladas  de  06rdoba,  La  Pampa,  etc.  que  pueden  servlr  de  ejemplo  tfplco  para  ef 
estudio  de  las  irregularidades  locales  del  GeGide. 

Hace  tres  o  cuatro  alios  publlcd  el  Inttituto  Oeogrdflco  del  Estado  Mayor 
Argentino,  institud6n  en  la  cual  desempefio  el  cargo  de  director,  un  estudio* 
te^rico  sobre  las  influencias  de  la  conflguraci6n  orogr&fica  en  la  direcd6n  de 
la  vertical,  o,  aea,  en  la  conflguraci6n  general  del  ge^ide.  Bas6se  el  autor  de 
dicho  estudio,  el  Dr.  G.  Schuiz,  Jefe  de  nuestra  Secd6n  Geod^sica,  sobre  laa 
investlgaclones  del  c^Iebre  Profesor  Helmert,  y  especialmente,  sobre  los  m^todos 
de  cdlculo  y  resultados  conseguidos  en  el  pais  que  hoy  nos  brinda  su  hospi- 
talidad,  por  el  ingeniero  Hayford  del  Coast  and  Oeodetio  Survey, 

Fu^  basada  la  investigaci6n  sobre  un  piano  altim^trico  general  del  continente 
sur,  considerando  las  masas  hasta  casl  1,000  km  de  dlstanda  y  suponlendo 
isostacia  a  los  120  km  de  profundidad. 

£1  resultado  del  trabajo,  condensado  en  dos  gr&ficos  que,  en  forma  de  curvaa,. 
representan  las  regiones  de  iguales  desviaciones  de  la  plomada,  dando  uno  de 
ellos  la  componente  norte-sur,  y  el  otro  la  de  este-oeste,  revela  que  eu  toda  la 
region  este  de  la  Reptiblica  Argentina  quedan  estas  desviaciones  abajo  de 
valores  de  2"  a  3",  detalle  que  confirma  lo  que  acabo  de  decir  respecto  a  la 
aptitud  de  nuestros  territorios  para  permitir  un  estudio  concluyente  de  la  forma 
general  de  la  Tierra  o  sea  de  los  elementos  del  elipsoide  por  el  que  la  repre- 
sentamos  en  primera  aproximaci6n. 

Las  sierras  Pampeanas  producen  desviaciones  que  pueden  llegar  a  6",  pero 
abarcan  pequefias  superficies,  no  infiuyendo  mucho  sobre  los  resultados  dr 
mediciones  de  arcos,  siempre  que  con  ^tos  se  abarquen  mayores  extenslones. 

Entrando  ahora  en  las  Cordilleras  del  Norte  y  Oeste,  llegan  las  desviaciones 
hasta  valores  de  20''  y  30",  tanto  en  la  componente  meridiana  cuanto  en  la 
del  1"  vertical,  siempre  conformes  a  la  confljgruracl6n  de  la  Ck>rdillera  misma. 
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oon  fiijas  estrechas  generalmente  largas,  proporcionando  asf  objetos  de  estndfo 
l<»cal.  Un  caso  ideal  para  investlgaciones  sobre  la  profundidad  de  la  superftde 
de  compensacida  aerd  tambi^n  la  circunstancia  favorable  del  paralelismo  de 
las  do8  Uneas  de  Ifmltes  orogrdficos  o  sea  la  del  borde  continental  este  snd- 
americano  y  la  del  pie  de  la  cordlUera,  Ifneaa  a  que  podrd  agregarse  como- 
tercera,  tambi^n  paralela  a  las  anterlores,  el  borde  continental  oeste,  una  vei 
que  la  estrecha  y  probablemente  no  lejana  nni6n  de  los  trabajos  geod^icoa 
chilenoa  y  argentinos  permita  dlacutlr  sua  reaultados  en  nn  solo  conjunto. 

Tal  es,  en  llneamlentoa  generales,  lo  eaendal  respecto  a  la  favorable  situacidn 
de  la  Repdbllca  Argentina  en  relaci6n  a  los  mtiltiples  problemas  que  estdn 
Uamados  a  ser  resueltos  por  las  investlgacionea  geod^icas  modemas. 

Pero  en  ml  pais,  como  en  la  mayorla  de  los  estados  clvilizados,  no  pneden 
destinarse  vastos  y  especiales  recorsos  a  dlsquisiciones  puramentes  cientlficas,. 
sin  mayores  consecuencias  inmedlatas  de  utilldad  prdctica. 

Es  mds  acertado  confiar  su  solucl6n  indlrecta  a  aquellos  trabajos  pdbllcos  que 
tengan  en  ellos,  o  en  sus  resnltados,  nn  inters  Inmediato. 

Han  qnedado  asf,  de  hecho,  en  la  Repdbllca  Argentina,  como  encargadas 
de  ocuparse  de  investlgacionea  geod^icas,  las  reparticiones  que  se  erapeflan  en 
la  formacidn  de  la  carta  del  pals,  sin  que  ezistan  centros  puramente  cientificoa 
de  estudios  especiales  al  respecto.  Estamos,  en  este  sentido,  en  id^tlcas  con- 
didones  a  nuestra  hermana  mayor  del  Norte  en  la  que  tambito  el  Coast  and 
Oeodetio  Survey,  oficina  de  aplicaci6n  prdctica  Inmediata,  corre  con  tales 
investigaciones,  sin  que  para  ellas  pueda  distraer  sino  tan  s61o  una  minima 
parte  de  su  personal  y  recuraos  como  con  especial  inters  lo  hemos  leido  en  la 
introducci6n  del  Ingeniero  Hayford  a  su  precioso  trabajo  sobre  '^The  figure 
of  the  EartlL" 

Es  Idstima,  en  mi  opini6n,  que  las  cosas  pasen  asf,  pues  convendria  in- 
dudablemente  a  los  servicios  pdblicos  mendonados  iniclar  sus  operaciones  con 
elementos  fundamentales  determlnados  ya,  especialmente  cuando  se  trata  de 
superficies  tan  extensas  como  las  que  preseutan  la  mayorfa  de  los  estados  de 
America,  pero,  por  otra  parte,  es  necesario  dedarar  tambi^n,  que  los  elementos 
aproximados  debidos  a  los  extensos  trabajos  europeos  y  norte  americanos,  a 
las  investlgacionea  fundamentales  de  Bessel  Clarke,  Helmert,  Hayford,  y  otros, 
seran,  probablemente  para  el  hemisferio  sur  y  adn  para  la  extension  terri- 
torial del  Brasil,  Argetina  y  Chile,  de  una  aproxlmaci6n  suficiente  para  los 
fines  prdcticos  immediatos  que  se  persiguen,  pudiendo  dejarse  para  mds  tarde* 
y  para  cuando  crezcan  las  exigendas  de  la  predsi6n  cientlfica,  trabajos  propios 
y  espedales  que  permitan  satisfacer  ampliamente  a  problemas  de  cardcter 
geomdrfico  y  de  inters  mundial. 

Es  por  tales  consideradones  que  yo  no  he  podido  apoyar  en  mi  pais  la  idea 
lanzada  hace  algdn  tiempo,  por  iniciativas  aisladas,  de  gastar  varios  millones^ 
con  el  puro  y  excluslvo  fin  de  medir  un  arco  para  hallar  los  elementos  del 
elipsolde  terrestre. 

Tal  mediddn,  por  su  condid6n  aislada,  sdlo  podria  damos  una  aproximacl6n 
que  no  alcanzaria  a  superar  en  mucho  la  mencionada  anteriormente  y,  por 
otra  parte,  los  trabajos  europeos  y  norteamerlcanos  nos  ban  ensefiado  que  no 
se  necesitan  investigadones  aisladas,  al  respecto,  sino  que  bastan  los  trabajoa 
pdblicos  comunes.  Siempre  que  ^stos  sean  debidamente  ejecutados,  podrdn 
aprovecharse  en  la  monumental  obra  que  lleva  a  cabo  la  Asodaci6n  GeodMca 
Intemacional,  institud6n,  sea  dicho  de  paso,  digna  del  Intercamblo  de  ideas 
entre  pueblos  cultos  que  habitan  una  misma  casa  de  la  que  adn  tan  pooo  se 
conoce. 
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Lo  que  me  parece  de  importancla  capital,  es  que  en  cada  Birtado  sea  una 
sola  la  reparticl6n  que  corra  con  estos  asuntos  o,  en  otros  t^mlnoe,  que  todo 
el  serviclo  geoddsico  sea  cmtrallzado,  pues  wHo  asf  queda  garantisada  la  homo- 
geneidad  de  los  trabajos,  sin  la  cual  no  pueden  conseguirse  resultados  pertectos 
7  uniformes. 

De  este  modo  serla  tambito  mAs  f  Adl,  que  los  estados  vecinos  se  pusieran  de 
acuerdo  sobre  procedimientos  y  <^[>eraciones  comunes,  asunto  Importantisinio 
para  las  Inrestigaciones  geodMcas  que  siempre  resultarfan  roAa  concluyentes 
cuando  se  extendleran  sobre  mayor  superflde. 

Son,  por  lo  genial,  apremiantes  necesldades  del  memento  las  que  Implden 
a  los  hombres  dfrigentes  de  los  servidos  cartogrAflcos  desarrollar  metddfca- 
mente  un  plan  geod^co  convenlente,  pero,  no  obstante,  por  urgentes  que 
sean  estas  exigendas,  siempre  serA  poslble  organlsar  servidos  desde  puntos 
de  vista  mAs  elevados  y  de  valor  mAs  duradero  para  los  pafses  respectlvos. 
En  la  RepAblica  Argentina  se  empdian  los  Ministerios  de  Agricultura,  Obras 
PAblicas,  Relaclones  Exteriores,  Guerra  y  Marina,  en  obtener  por  separado 
el  material  cartogrAflco  mAs  urgente  para  satisfacer  las  tfireas  que  les  estAn 
encomendadas.  S61o  el  EJ^rdto,  que  mAs  neceslta  de  representadones  topo- 
grAficas  exactas  de  mayores  regiones  c<^erentes,  ha  conseguido,  en  estos 
Altimos  15  afioe,  subordinar  sus  operadones,  al  prlndplo  aisladas,  a  puntos 
de  vista  elevados  de  los  que,  poco  a  poco,  se  ha  desprendido  un  plan  general 
de  trabajos,  el  que  satlsface  ampliamente  todas  las  exigencias  de  la  Gteodesla 
modema  y  que  no  s61o  permltirA  al  In9tituto  Oeogrdflco  MUitar  atender  todas 
las  necesldades  de  orden  inmedlato,  sine  tambito  condudr,  con  recursos 
reducidos,  la  cartografia  argentina  a  una  solud6n  prActlca  completa,  y  satis- 
fadoria  a  la  vez,  tal  que,  abarcando  todos  los  temas  geomdrflcos  antes  Indicados, 
pueda  conslderarlos  paulatlna  y  met6dicamente,  uno  a  uno,  como  la  civillzad6n 
universal  lo  exige  con  derecho  de  la  dvilisaddn  y  progreso  de  mi  pais. 

Hdllase  publicado  este  plan  general  de  trabajos  en  el  primer  tomo  del 
Anuario  del  IfuHtuto  Oeogrdflco  MUitar,  editado  en  1912. 

S^me  permltido  trazar  a  grandes  rasgos  y  expresar  en  pocas  palabras,  este 
programa  de  los  trabajos  geod^icos  topogrAficos  y  cartogrAflcos  de  la  RepAbllca 
Argentina. 

Es  su  prop458ito  satisfacer,  a  la  par,  todas  las  exlgendas  de  la  vlda  prAdica, 
debi^ndose,  conforme  a  la  organizad6n  polftica  de  la  RepAblica,  dejar  amplla 
libertad  a  la  Inidativa  de  cada  una  de  las  provlndas  que  la  componen. 

Por  el  enorme  tiempo  y  gasto  que  requlrirfa,  no  se  ha  pensado  en  cubrlr 
a  todo  el  pais  con  una  malla  triangular  compacta,  sino  que  se  trazarA  un 
€«iqueleto  de  cadenas  trigonom^tricas  que  encerrando  cada  provincia  o  terri- 
torio  dentro  de  un  marco  fijo  de  vertices,  d6  la  base  Incomovible  para  el 
levantamiento  pr^dico  de  las  Areas  comprendldas  entre  cadenas,  blen  por 
redes  trlgonom^tricas  de  relleno,  bien    por    cualquier    otro    procedlmfento. 

AdemAs,  se  harA  recorrer  a  estas  cadenas,  en  lo  posible,  las  dlrecdones 
norte-sur  y  este-oeste,  de  manera  que  cada  una  represente  una  medid6n  de  arco 
de  meridlano  o  paralelo,  cubrlendo  su  con  Junto,  una  vez  ell  as  concluldas,  en 
cAnevas  coherentes  y  sistem&ticos,  a  toda  la  RepAbllca,  a  fin  de  que  sea  asunto 
sendllo,  despdes  de  las  experlendas  e  investlgaclones  hechas  en  este  pais 
por  el  Ingenlero  Hayford,  hallar  d  dipsoide  que  mAs  se  ajusta  a  la  parte  del 
geofde  terrestre  que  cubre  el  terrltorio  de  la  Repdblica  Argentina. 

A  fin  de  poder  efectuar  entonces  todos  los  cAlculos  concernlentes,  ya  se 
ha  prevlsto  que  en  cada  cruce  de  cadenas,  ademAs  de  una  base  para  asegurar 
la  precisidn  lineal,  se  mida  una  estad6n  astrondmica  completa,  o  sea,  se  llegue 
a  la  determlnad6n  de  un  punto  de  Laplace.    Aparte  de  este  mfnimun,  se  deter- 


\ 


ASTRONOMY,  METEOBOLOGY,  AKD  SEISMOLOGY.  307 

mlDarA  una  serie  de  otras  latitudes,  longitudes  y  azimutes,  unos  100  puntos 
fondamentales  con  elementos  para  fines  geom6rficos,  a  los  que  se  agregari 
una  oantidad  atin  m&a  numerosa  de  puntos  secundarios.  El  total  de  laa 
23  cadenas  trigonom^tricas  que  forman  el  plan  fundamental  de  la  triangula* 
ddn  de  la  Repdblica  (9  meridianas  y  34  paralelas)  representa  la  medici6n 
de  m&a  de  800  grados  de  aroo  de  meridiano  o  pacalelo,  destac&ndose  entre 
elliui^  como  arcos  ooherentes*  un  arco  meridiano  que  recorre  el  centro  d^ 
pais  con  unos  33**  de  extensI6n  y  4  arcos  paralelos  de  IS*"  el  xaao  j  de  12* 
Urn  demAs. 

Seria  abusar  del  detalle  entrar  a  enumerar  los  procedlmientos  ttoiicoa 
|irevi8to6  para  la  oonfecci6n  de  eetas  cadenas  trigonom^trlcas. 

Tales  procedimientos  se  hallan  expuestos  en  la  publicaci6n  antes  citada,  j 
we  liallaa  rompletamente  de  acuerdo  con  la  ttoiica  modema  y  con  las  pres- 
cripdones  generales  de  la  AsecUud^n  Geodteica  Intemaeional. 

CSonviene  dedr  que  toda  la  labor  se  adju8tar&  a  ua  m^todo  dolco  y  uniforma, 
al  0eaeralmente  ac^tado  para  esta  daae  de  trabajos,  y  que,  segtin  los  resuUa* 
dea  ooosegoldos  ya  por  ei  ImtUuto  Oe9§r4fioo  MilUw,  tienen  las  trianguladones 
sua  predsidn  angular  de  0,  "5  y  ana  lineal  que  varfa  de  1 :  200,000  a  1 :  800,000; 
en  las  astrondmicas  la  aproximaddn  es  unos  0,  "2  en  las  8  coordenadas. 

Estamos  seguros,  piies,  de  que  una  vez  listo  el  conjunto  de  las  cadenas 
triffsuMD^tricas,  no  s61o  podremos  hallar  con  elevada  precision  los  elementos 
del  ellpsoide,  sino  que  dispondremos  a  la  vez  de  indicaciones  exactlsimas  sobre 
la  profundidad  de  la  suporficie  de  compensaci6n,  las  onduladones  generales  del 
geofde  en  nuestras  regiones,  y  gran  parte  de  las  produddas  por  condidones 
locales. 

Pero,  las  trianguladones  no  son  las  dnieas  operaciones  con  que  la  Repdblica 
busca  resolver  las  cuestiones  geom6rflcas  que  a  ella  le  interesan.  Aunque  no 
ha  sido  posible  todavfa  la  in8talad6n  de  un  mare6metro  fundamental,  como 
por  ejemplo  los  tiene  en  sus  vnstas  costas  nuestra  harmana  la  Repdblica  de 
Chile,  sirvlendo  tan  s61o  los  varies  establecidos  en  las  nuestras,  a  objetos 
prftcticos  inmediatos  de  construociones  portuarias,  etc,  existen  ya  todos  los 
preparatives  al  respecto. 

Arrancan,  mientras  tanto,  nuestras  niveladones  de  precisidn,  de  un  horlzonte 
eoBv^idonal,  drcunstanda  que  no  les  privaril  en  nada  de  su  valor  tanto  prftctico 
como  geom6rfico,  pues,  se  Uevan  a  cabo  bajo  un  continue  contralor,  exduyte* 
dose  todo  error  sistem&tico  y  marc&ndose  sus  costas,  en  el  terrene,  de  la  manera 
mAa  eatable  y  duradera  posible  al  abrigo  de  las  inclemendas  dd  tien^K)  y  de 
las  inflnendas  geoldgicas  locales. 

Se  estft  practicando  una  nivelad6n  de  predsidn  que,  a  la  par  de  la  triangu- 
laddn,  recorrerU  d  pals  en  grandes  poUgonos  y  lo  proveeril  de  una  red  bas- 
tante  densa  de  puntos  fijos  fundamentales.  La  precl8l6n  alcanzada  en  las 
niveladones  es  igual  a  0.6  mm.  por  km.  para  el  error  acddental  e  igual  a 
0.04  mm.  por  km.  para  d  error  sistem&tico,  de  mode  que  satlsface  ampliamente 
a  las  exigencias  que  la  Asodaci6n  Intemaeional  Qeod^ica  establece  para  las 
nirdadones  de  alta  predsi6n. 

Bsperamos  que  cuando  se  repita  nuestra  red  de  nivdaci6n  dentro  de  un 
tiempo  racional  se  podrdn  establecer  con  fadlidad  y  certeza  todos  los  cambios 
que  haya  sufrido  la  corteza  terrestre,  los  que  seguramente  ser&n  bastants 
fuertes  en  regiones  geol6gicas  como  las  que  ofrecen  nuestras  Pampas  y  Oor- 
diUeraa. 

HallAndose  asf  encaminada  la  geodesia  argentina  hacla  d  run^K)  que  se  ha 
crefdo  m^  acertado,  para  llenar  las  primordiales  necesidades  cartogr&flcas  y 
de  orden  pr&ctico  del  pats,  y   orjfanlz^iulose,  no  obstante,  los  trabajos,  en 
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forma  que,  si  a  deficiencia  o  erogaciones  especiales,  puedan  servir,  en  segando 
t^rmino  u  la  ciencia  pura,  no  perdemos  de  vista  los  trabajos  coniplementarloB 
que,  aiin  siendo  puramente  eientfficos,  no  dejar&n  de  tener  en  un  futuro  tal 
vez  pr6xiuio,  sus  resonancia^  en  los  iutereses  inateriales  de  las  naciones.  Asi, 
entre  otras,  pueden  hacerse,  a  la  par  de  las  observaclones  astron6micas,  las 
determlnaciones  de  gravedad  sin  que  por  ^lo  varfe  la  composicidQ  de  las 
comisiones  en  campafia,  nl  mayormente  el  tiempo  que  ^stas  invlerten  en  sns 
tareas  fundamentales. 

Como  en  cada  crnce  de  cadenas  trigonom^trlcas  se  efecttla  una  estaddn 
astron6mica  resultarft  que  al  final  tendremos,  al  igual  de  todos  los  arcoe  de 
grados,  series  de  determlnaciones  de  gravedad  en  coordenadas  sobre  meridlanoB, 
lo  que  permitlr&  calcular  las  curvaturas  de  unos  7  de  tetos,  entre  los  que 
existe  uno  cuya  longitud,  como  ya  lo  expresamos  anterlormente,  tiene  83"*  y 
llega  su  extremo  sur  a  laUtndes  australes,  solo  alcanzadas  por  nnestro  conti- 
nente.  Hay  entre  estos  merldlanos  algunos  que  en  casi  toda  su  longitud  recorren 
regiones  lianas,  debltodose  suponer  la  fflcil  obtenddn,  con  ellos,  de  valcnrea 
normales  de  la  gravedad  y  de  la  curvatura  de  nuestro  hemlsferio  sud,  mientras 
que  las  series  de  estaciones  de  gravedad  de  la  region  oeste  o  cordill^rana,  repre^ 
•entarfln  valores  afectados  por  las  aglomeraciones  de  masas  visibles  y  los  de> 
fectos  subterr&neos  sin  duda  existentes ;  de  manera  que,  estos  tUtlmos,  en  coordi- 
nacldn  con  las  series  del  este,  darftn  an  valioso  material  de  observacito  para 
la  determinaci^n  de  la  superficle  de  Pratt. 

Tales  estudios  ser&n  seguidos  por  otros  de  cardcter  local  que  se  inidan 
de  por  si  al  hacer  las  determlnaciones  gravim^tricas  en  las  estaciones  astro- 
D6micas  necesarias,  fuera  de  la  red  de  las  cadenas  trlgonom^trlcas,  y  ellos 
nos  ensefiarftn  la  construcci6n  geol6gica  de  nuestra  parte  de  territorio  sud- 
americano. 

Bfecttla  el  Inttituto  Oeogrdfioo  MUitar  sus  determinadones  de  gravedad, 
en  forma  de  determinadones  relativas  por  medio  del  aparato  Stemeck  cuadm- 
pendular,  halldndose  fntimamente  reladonadas  al  sistema  absolnto  de  Potsdam 
por  haber  comparado  los  ptodulos  en  aquel  observatorlo  y  por  hallarse  ref^idas 
a  determinadones  de  gravedad  efectuadas  dentro  del  mismo  sistema,  en  el 
pais,  en  diversos  viajes  dentificoa 

El  punto  central  de  referenda  en  la  Rept&blica  es  el  s6tano  de  Relojes  dd 
Institute  Oeoffrdfloo  MUitar,  o  sea  el  mismo  a  que  se  refieren  tambito  las 
longitudes. 

En  esta  forma  aportarA  la  Reptlblica  Argentina,  con  sus  obras  ptlblicas, 
el  6bolo  a  las  investigadones  sobre  la  forma,  magnitud  y  constituddn  de 
nuestro  planeta,  que  la  denda  puede  exigir  de  ella,  combin&ndolo  de  tal 
manera  que  resulte,  por  una  parte,  sufldentemente  elevado  el  nivel  de  sus 
trabajos  por  la  Ingerencla  que  se  da  a  la  cienda  pura  y  por  la  ampliacl6n  dd 
valor  de  sus  resultados;  y,  por  otra  parte,  que  la  cienda  pueda,  libremente  y 
sin  menoscabo  alguno,  disponer  de  un  inmenso  y  valioso  material  que,  de  dis- 
tlnto  modo,  le  serfa  dificil  conseguir,  debido  a  las  creddas  sumas  que  serfs 
necesario  destinarles.  Impfdese,  a  la  vez,  que  la  prfictica  pueda  degenerar 
en  rutina  y  que  la  dencla,  mantenl4ndose  en  el  campo  de  la  teorfa,  pueda 
perder  todo  contacto  con  la  prActica  y  hacer  peligrar  la  inmediata  aplicad6n 
de  los  resultados  obtenidos. 

Guiando  su  obra  geod^lco-cartogrAflca  en  tal  sentido,  la  Repilbllca  Argen- 
tina sierapre  ha  tenldo  en  vista  la  necesldad  de  unir  m&s  tarde  sus  trabajos 
con  los  trabajos  id^nticos  de  los  estados  vednos. 

Por  esta  raz<5n  las  cadenas  trigonom^tricas  respectivas  corren  lo  mAs  cerca 
poslble  de  los  Ifmltes  intemadonales,  garantizando  asf  la  uni6n  posterior  de 
pantos  o  sistemas  geod^icos  s61idos  y  de  coherenda  completa. 
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Queda  aai,  tambi^D,  plenamente  asegarado  que,  una  vez  produclda  la  un!<^n 
per  Mfoico,  PanamA  y  Colombia  de  la  medici<}n  de  arco  francesa  en  el  Perti 
y  Ecuador  con  los  Estados  Unidos,  encontrarA  tal  arco  enorme  8U  continnn- 
ci^n  ya  hecha,  no  86I0  Bobre  uno,  sino  Bobre  varlos  meridianos,  de  los  qtie 
recorren  el  territorio  de  la  RepAblica  Argentina. 

De  la  misma  manera  podrdn  ser  unidos  con  los  pafises  vecinos,  los  grandest 
poligonos  de  niTelaci<}n  que  se  estdn  haciendo  en  la  Argentina.  Chile  tiene 
ya  construldos  yarios,  Jo  que  permitirA  la  confrontaci<}n  de  las  aguas  medlas 
del  AtlAntico  y  Pacffico  en  diversas  ^pocas  y  latitudes. 

HAllanse  ya  algo  adelantadas  las  iniclativas  internacionales  al  respecto, 
pues  con  motivo  de  la  confecci6n  de  la  Carta  al  millon^imo  y  para  uniiicu- 
ci6n  de  la  colaboraci<}n  de  nuestra  parte  continental  al  gran  problema  muudinl, 
se  celebraron  conferencias  con  delegados  de  la  Uepdblica  del  Uruguay,  a  fin 
de  concretar  ideas,  habiendo  ademAs  Chile  y  el  Brasil  dado  privadamente  su 
conformidad  con  tal  iniciotiva.  Quedan  pues  ligeradamente  esbozndas  las 
cuestiones  geoni6rflcas  a  cuya  solucl<}n  puede  contribuir  la  RepAblica  Argentina 
y  la  forma  como  ^lla  las  presenta. 

En  nuestra  superfide  de  tres  millones  de  kims.'  la  mayor  parte  queda  por 
hacer;  pero  estoy  seguro,  que  no  ban  de  desfallecer  las  actividades  en  tnl 
sentido,  sino  que,  por  el  contrario,  crecerdn  de  oontinuo,  pues  son  las  iiecesi- 
dades  materiales  las  que  empujan.  Espero  asf,  fundndamente,  que,  dentro  <1e 
breves  alios  la  Argentina,  habrA  aportado  a  la  ciencia  geom6rfica  tan  vallosa 
colaboraci6n  como  la  que  ban  aportado  los  notables  y  vnstos  trabajos  reaH/a(to^9 
hasta  la  fecha  por  los  Estados  Unidos. 

Hemes  conseguido  ya  llevar  a  cabo :  '^     ••^^v***^*^  *  /.   . 

1.  Veinte  determinaciones  astron<}micas  de  primer  orden. 

2.  Triangulaci6n  sobre  un  arco  de  meridiano  de  8*  en  Corrientes  llmite  Este 
del  pais,  con  4  bases  y  4  estaciones  astron6micas.  Triangu1aci6n  secundaria  de 
ana  predsidn  de  1 :  50  000. 

8.  Triangulaci6n  en  plena  labor  de  un  arco  de  meridiano  vecino  al  anterior 
hacia  el  oeste,  eu  Santa  F^,  de  6*  de  extension,  con  3  estaciones  astron6micas 
y  8  bases,  y  una  precision  angular  de  0",  5. 

4.  A  partir  de  este  arco  dos  triangulaciones  de  arco  de  paralelo  de  2^  con  dos 
bases  y  dos  estaciones  astron6micas  cada  una. 

0.  En  ejecuci6n,  otro  arco  de  meridiano  de  6*  que  une  hacia  el  oeste  las 
extremidades  occidentales  de  las  citadas  triangulaciones.    ^ 

G.  Hacia  el  sur  del  arco  del  meridiano  de  6*,  separado  aAn  por  150  kilo- 
metros,  otro  arco  de  meridiano,  en  Buenos  Aires,  de  2*  de  extension,  con  dos 
estaciones  astron6micas,  y  dos  bases,  existiendo  para  este  mismo  arco  ya  otra 
base  y  e8taci<}n  astron<}mlca  a  2*  mAs  al  sur  (Mar  del  Plata). 

7.  Un  arco  transversal  de  2*  en  la  regidn  sur-oeste  de  Mendoza. 

5.  Una  trlangulaci6n  de  meridiano  de  1  a  1)  grades  de  extension  en  el  oeste 
del  pais,  en  el  territorio  del  Neuqden,  con  una  base  y  una  estaci6n  astron<}mica. 

0.  Series  de  triangulaciones  de  orden  menor  en  diversas  partes,  utilizadas,  a 
la  vez,  para  reconocer  las  triangulaciones  fundamentales  que  mAs  tarde  pasarAn 
por  allf. 

10.  Diversos  trabajos  preliminares  y  de  reconocimiento  de  cadenas  trigond- 
metricas  en  distintas  regiones  del  pais. 

Pndiendo  los  trabajos  geod^icos  que  ejecuta  la  RepAblica  Argentina  interesar 
a  este  Congreso  por  las  consecuencias  que  por  los  m^todos  empleados  ban  de 
desprenderse  para  aquellos  Estados  que  no  los  han  iniciado  todavia,  o  los  han 
princlpiado  en  muy  pequefia  escala,  su  enumeraci<}n  pone  en  tela  de  Juicio, 
entre  otras  cuestiones,  las  siguientes  que  me  parecen  de  importancia  primordial : 

(a)  La  centrali2aci6n  del  servicio  geod^sico  en  cada  Estado,  por  ser  estos 
trabajos  el  fundamento  de  la  labor  cartogrAUca  en  diversas  repartieiones  tales 
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como  Obras  Pliblicas,  Gedugfa  y  Agricultura,  MlnaA,  Gatastro,  ImpuestoB,  etc. 
Todas  ellas  dispondrfan  asl  de  la  base  necesaria  para  bus  necesidades  ^'igTirttriiwi. 
sin  necesidad  de  ocuparae  de  eata  base  quizds  ea  detrimento  de  la  armoBfa  w 
preciBi<}n  de  loa  trabajos  fundamentaleB. 

(d)  Dada  la  ezteDsi6n  superficial  de  la  ^neralidad  de  los  Estados  audr 
americaooa,  la  conveniencia  de  bacer  todo  lo  poaible  por  elaborar  «1  elemento 
geodMco  antes  que  los  levantamientos  de  detalle,  sin  lo  cual  son  de  espenur 
dlscordancias  inaceptables. 

(o)  Conveniencia  de  organizar  el  servicio  geod^co  con  vistas  ampliaa,  « 
fin  de  que  pueda  satisfacer  a  fines  dentfflcos,  sin  exponerse  m&s  tarde  a  la 
costosa  repetlci6n  de  las  operaciones  teniendo  en  yista,  ademibi,  el  car&ctsr 
pr6ctico  que  empiezan  a  asumir  ciertas  iavestigadones  que  s^o  se  oonsiderakaa 
hasta  abora  como  de  inters  tedrico. 

(d)  Conveniencia  de  la  colaboraci6n  Intima  de  los  estados  de  un 
continente,  en  nueetro  caso  el  continente  sud-americano. 


CONTRIBUICAO  PARA  O  ESTUDO  DA  OROGRAPHIA  BRASILEIRA. 

Por  GASTAO  RUCH  STURZENECKER, 
Membro  do  Ifistituto  Historico  e  Oeographico  BrasUeiro. 

INTBODXTOgla 

N&o  6  possivel  alludir  An  eleva^des  que  no  seu  conjunto  formam  as  montmilias 
do  Brasil  sem  ao  menos  estodar,  alnda  que  de  mode  superficial,  a  oonstituicgo 
geologica  deste  tracto  do  globo,  considerandoH)  deado  o  seu  aroagedments  i 
superfide  do  Oceano  primitive  mt6  o  seu  estado  presents.  Prooeder  de  tonm 
differente  serfa  levantar  um  edifido  sem  bases  solidas,  serfa  querer  expUcar  os 
diversos  elementos  que  constituem  por  assim  dizer  o  aystema  osseo  do  Brasil 
sem  determinar  o  seu  processo  formativo  na  evoluc&o  dos  tempos. 

tl  o  massigo  brasileiro  uma  das  terras  mais  antigas  que  se  conheca  pois  desde 
muite  antes  do  carbcmifero  representava  o  rebordo  extremo-occldaital  de 
vastissimo  continente,  que  se  desdobrava  pdo  espaco  ora  occnpado  pda  Afrioa 
central  e  meridional,  Madagascar  e  a  peninsula  do  Dekan,  cujas  terras  altas 
desde  ^a  tflo  remota  jamais  foram  cobertas  pelas  aguas  do  ocesno  como  o 
parece  comprovar  a  ausenda  at^  hoje  notada  de  sedimentos  marinhos  identieos 
aos  depositados  pelo  Indlco. 

A  esse  immense  conjuncto  de  terras  deu  o  eminente  geologo  Suess  o  neae  4s 
Continente  de  Qondwana  que,  em  sua  opinifio,  apresentava  parfeita  eqidva- 
lencia  com  a  Lemuria  dos  soologos. 

Quando  termlnou  o  periodo  cretaceo  ou,  melbor,  ao  IniofarHse  o  eocene 
soldou-se  a  Australia  a  tSo  enorrae  bl6co,  como  parece  testemunbal-o  sob  o 
ponto  de  vista  zoologico  a  existenda  parallela  de  marsupiaes  nos  dous  extremes 
meridionaes  desse  grande  todo,  na  Nova  Hollanda  e  na  America  do  Sul. 

A  constituic&o  desse  continente  dd  explicagfto  d  permanencia  na  America 
meridional  de  certos  typos  zoologicos  Jd  eliminados  em  outras  partes  do  gld>o 
por  formas  superiores.  No  terciario,  ao  lado  dos  didelpbo-marsupfaes  evolula 
typo  superior,  os  placentarios,  representado  pelo  Megatherium,  gravigrado 
^gansteco,  de  costumes  analogos  aos  da  pregui^  brasileira. 

O  mesmo  aconteceu  com  os  simios  dos  quaes  ^istem  no  estado  fossil  eao&m- 
plares  de  Lemurianos  e  Simios  propriamente  ditos  como  os  Arctopitbecos,  cujes 
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4Mee]identea  liabitam  alnda  as  nossas  florestas.  Distincto  patricio,  o  Dr. 
Manoel  Bomflm,  adianta,  com  muita  propriedade,  que  tendo  o  Brasll  na  sua 
faana  iKiamq>iaes,  deadentades  e  aimios  inferiores,  apeoaa  s&o  encontrados 
aQoellea  na  Australia  e  os  demato  do  centro  •  no  sul  da  Africa  e  taiiil>ein  na 
9nmde  itha  de  Madagascar,  sendo  de  toda  a  relerancia  f  riaar  que  os  desdentados 
se  adiam  locaUaados  no  extremo  meridional  do  contlnente  negro.  Mais  uma 
mm  Tte  pote  esses  anlaaes  confimiar  pelo  sea  Imbitat  a  existencia  desse  con- 
tinrate  de  Ctondwana  ou  do  grande  todo  BrasUio-Ethiopico  de  Neumayer,  con- 
tSB^KiraDeo  dos  fins  do  Jurassioo. 

Beatemos  por^m  o  flo  da  nossa  exposlcfio. 

A  uni&o  do  chamado  lioje  continente  australiano  n&o  foi  duradoura  porque 
BSPf*  recalcameiite  da  crests  terrestre  determinou  a  forma^o  do  Oceano  Indico 
%  por  conseguinte,  o  insulamento  da  Nora  Hollanda.  Mais  tarde,  e  provavel- 
OMDte  por  proeesso  indentico,  a  dilata^o  da  area  do  Atlantico  para  o  Sul 
sqmrom  a  America  meridiooal*  o  Brasil  por  conseguinte,  do  continente  negro. 

Entretanto,  se  a  massa  central  conservava  de  um  modo  gerai  o  sea  relevo, 
e^  mesmo  jk  nllo  se  daya  com  as  suas  lindes  de  Oriente  e  Occidente.  Em  alguns 
pontes  das  eostas  do  oeste  depressOes  se  formaram,  galgando  as  aguas  do  mar 
m  penedlat  e  sutmergiiido-as  conq^^letamente,  ao  passo  que  na  outra  borda  do 
eratineiite  recoava  o  oceano  para  alte  dos  sens  actuaes  limited,  o  que  importa 
dtesr  que  em  periodo  mais  chegado  a  n6a  pbeaomeno  contrario  se  produziu. 

O  Dr.  Orville  Derby  vein,  pelas  suas  investigasOes,  langar  bastante  lu«  sobre 
a  canatituicfto  gec^ogiea  do  BrasiL  Yerifica^»  dos  seus  trabalbos  que,  com 
aicm»(8a  das  ilhas  de  Fernando  de  Norooha  e  dos  Abrolhos  onde  a  tormasflo 
^nkanlea  6  denundada  pela  presracii  ali  dos  pboDoUthos  e  das  rochas  btuKil- 
acas»  nio  offerece  o  nosso  pais  elementos  que  permittam  affirmar-se  ter  elle 
sido  o  theatre  de  erupcOes  reeentes :  ao  contrarks  a  grande  abundancla  c!«)  rodias 
BMtamorphicaa  do  masslco  brasilico  eorrobora  a  opinifio  de  ser  esta  terra  unti- 
qitttSBtma>  fleando  at6  nas  cercanias  do  Rio  as  rochas  proto-archaicas  do  eonti- 
n^te.  Nas  serranias  do  Mar  e  da  Mantiqueira  avultam  os  terrenes  primitiros, 
gneiss  granitieos  na  primeira,  n^icasefaistos  com  gneiss  sehistosoa  na  set^unda. 
Outros  elementos  tambem  offerecem  como  as  turmalinas,  as  ametbystas,  e 
minereos  de  ferro  e  euro. 

fi  principalmente  nas  cadeias  centraes  do  paia»  nos  Estados  de  Minas-Qeraes 
e  Cleyaa  (Sul),  que  a  ^ra  arcbeana  se  manifesta  com  estructura  aDa1«>ga  ao 
aniar  Iraroniano  dos  Americanos. 

Alto  dos  quartzsitos  e  dos  sdiistos  micaceos  sfto  encontrados  com  abundanda 
sehistos  ferraginosos :  6  a  zona  dos  itacolumitos  e  itabiritos,  de  espantosa 
riqueza. 

|Nas  terras  altas  do  massico  guianense  as  rochas  archeanas,  ci>roo  e  $nrtuiito, 
aMstam  igualmente  a  data  remotisslma  de  sua  existencia.  Tal  estado  se 
mant^m  at^  o  Orinoco,  porque,  a  partir  deste  rio  at4  a  cadeia  Maritinui, 
a  constitui^o  dos  terrenes  soffre  algumas  alteragOes.) 

O  lensol  de  Qrez  da  Serra  do  Espinliaco  e  tambem  do  chapadito  inter- 
mediario  ao  Tocantins  e  S.  I^^rancisco  vai-se  extendendo  dahi  para  o  norte, 
atravez  o  Piauhi  e  o  Gearft,  at^  terminer  no  Oceano.  De  um  modo  pceral  nito 
opresenta  elle  fosseis,  se  hem  que  no  chapadfto  do  Parnahiba  tenham  sido 
emiootrados  alguns  do  cretaceo.  A  falta  de  pesquizas  mais  completes  difliculta 
estal)elecer  o  periodo  ou  periodos  a  que  pertence. 

Ka  seccfto  sul  do  massico,  no  Parand,  em  Santa  Catharine  e  no  Rio  Grande 
do  Sul,  ainda  surgem  rochas  archeanas  cobertas  de  sedimentos  carboniferos 
e -devonianos,  isto  ao  lado  de  grez  sem  fosseis.  Em  dous  chapad(5es  extremes 
do  Brasil,  nos  de  Parand  e  do  Amazonas,  o  terreno  constn  em  ^ral  de  cnmadas 
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-horlasontaes  ou  qua^l  horizontues  de  schitftos  argUosos,  calcareos  e  de  gres 
t>ertencentes  ao  devoniano  e  ao  carbonlfero.  No  chapadfto  iDtermcdlniio  do 
8.  Francisco  aparecem  tres  camadaa  formadoras:  a  primelra  constitiiida  por 
gres  dnro,  schisto  argilocioB  e  elementoB  calcareoB,  talves  dos  tempos  primarios; 
a  segunda  formada  por  estratoB  horiz<Hitaes  de  schisto  argiloso  e  gres  (nos 
tal>oleiros  da  zona  occidental  do  grande  rio),  sem  fooools,  e  dasstficada  segnndo 
Derby  no  permiano;  a  terceira,  flnalmente,  constando  do  mesnio  gres  e  schlstos 
argiiosos,  com  fosseis  do  cretaoea 

Os  tempos  terciarios  sfto  assignalados  em  algnna  pontos  do  planalto;  asBim 
em  Minas  (centro)  e  ou  S.  Paulo  (N<wde6te)  foram  encontrados  peqnenos 
depositos  de  agua  doce  contendo  lignitos. 

Sedimentos  lacostres  e  fluviaes,  al6m  de  uma  camada  torroea  sub-aerea,  carac- 
terisam  a  epoca  quaternaria.  Quanto  ao  periodo  glaciario,  mAo  grado  a 
opiniflo  de  Agassiz,  n£U>  pareoe  estar  provado  que  se  fliesso  sentir  no  BrasU. 

ConsidereuKM  agora,  ainda  que  de  leve,  as  d^ressSes  amasonica  e  do  Para- 
guay sob  o  ponto  de  vista  geologico. 

£  opinifio  geral  acceitar  a  primelra  como  a  transformasflo  ultima  de  Immenso 
mediterraneo  cretaceo  ap^tado  entre  as  tres  grandes  mdles  graniticas^do  pla- 
nalto andino,  do  massi^o  guianense  e  das  terras  altas  brasileiras.  Os  trabalhos 
de  Derby,  Hartt,  Rathbun,  Goudreau,  Suess,  etc.,  permittiram  estabelec^-se  a 
constituicfto  geologica  daquelle  tracto  de  terra,  que  6  hoje  a  bada  do  Rio-Mar, 
do  colossal  Amazonas. 

Representam  all  a  ^a  paleossoica  elementos  do  siluriano  inferior  e  superior, 
do  devoniano  e  do  carbonlfero.  As  Jazidas  carboniferas,  de  symetria  realmente 
curlosa,  avultam  quer  a  Norte,  quer  a  Sul  do  rio-eixo.  Al^m  desses  terrenos 
primarios,  outros  pertencentes  As  ^ras  seguintes  concorrem  para  a  formacSo 
da  immensa  depressSlo;  o  cretaceo  apparece  no  curso  superior  do  Amazonas 
(Alto  Purtls)  e  tambem  no  trecho  inferior  (Monte  Alegre).  Nessas  camadas 
de  grez  surgem  por  vezes  detrlctos  de  vegetaes  e  restos  da  fauna  dos  ultimos 
tempos  de  mesozoico. 

Provavelmente  foi  a  depressllo,  no  periodo  secundario,  um  enorme  golpbo  do 
qual  era  tributario  o  actual  Marandn. 

O  terciorio  tambem  dcixou  vestigios  porquanto  Boettlger,  estudando  os  detrlc- 
tos peruanos  deixados  provavelmente  all  pelo  Marandn,  ^  de  opinlfio  que  talves 
representem  o  estuario  do  rlo  em  epoca  contemporanea  do  eoceno,  isto  6  do 
Inicio  de  terclario.  Actualmente  o  antigo  mediterraneo  cretaceo  estA  transfor- 
mado  em  bacia  fluvial,  tendo  passado  pelo  regimen  intermedlario  lacustre,  como 
o  demonstram  os  grandes  depositos  aquosos  que  offerece  na  sua  parte  central, 
depositos  de  contornos  absolutamente  instaveis. 

A  depressAo  do  Paraguay  tambem  apresenta  forma(;oes  dos  tempos  terciarios 
e  quaternarios,  mas  em  cabegos  isolados  apparecem  materiaes  semelbantes  aes 
que  offerece  o  planalto  brasileiro. 

Na  zona  de  oeste  e  mesmo  na  de  sudoeste  accusam  as  emlnencias  rochas 
arcbeanas,  como  se  p6de  observar  nas  serranlas  pampeanas  de  Tandll  e  Yen- 
tana  (granitos,  gneiss  e  quartzitos). 

Se  agora  chegarmos  ao  littoral  ahi  encontraremos  numerosos  depositos  are- 
naceos,  al6m  de  rochas  cretaceas  e  de  sedimentos  terciarios,  talvez  de  origem 
marlnha  em  muitos  pontos.  £  mais  oncontrado  o  cretaceo,  do  Rlo  de  Janeiro 
para  o  Norta 

Avultam  na  costa  montes  isolados,  de  pequena  elevac&o  e  quasi  sempre  des- 
nudados.    Prendem-se,  physiographicamente,  ao  massigo  central. 

Estudemos  agora  os  principaes  elementos  montanhosos  cujo  conjuncto  cpos- 
titue  o  que  se  chama  a  Orographia  Brasillca. 
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O    MA88I9O   cm  A  NEK  BE. 

O  numero  relativamente  escaaso  dos  exploradoreB  dessa  curiosa  e  immenaa 
regi&o  difflculta  um  tante  o  sen  eatudo,  que,  por  isso,  se  torna  at6  certo  ponto 
deficiente;  ainda  assim,  por  pequenas  que  sejam  as  informa<;9e8  colhldas, 
■empre  poderemos  ter  um  conhedmento  geral  dessas  terras  altas  que  se  esten- 
dem  dos  Lhanos  do  Orinoco  &  Tasta  defuressfto  do  Amazonas. 

Divide  o  Essequibo  ao  massico  em  duas  partes,  das  quaes  a  oriental  6  uma 
peneplanicie  ardieana  ao  passo  que  na  occidental  o  grez  se  mostra  abundante. 
concorrendo  para  o  feito  irregular  dos  leitQS  fluvlaes,  ricos  em  quedas  e  corre- 
deiras.  Apertando  mala  a  descripc&o  geologica  yeriflcar-8e-&  que  na  confluencia 
do  Garoni  com  o  Orinoco,  e  tambem  nas  elevacOes  que  cortam  o  massi^o  na  di- 
reccfio  de  Leste-Oeste,  avultam  provas  de  existirem  ali  rochas  archeanas. 
Vdain  tracando  o  esbo^o  dos  terrenes  dessa  regi&o,  mostrou  ahi  a  presenga 
Ininterrupta  de  rochas  primitivas  egualmente  dispostas  de  Oriente  para  Occi- 
dente  Gomo  jA  deixamos  dito.  o  grez  avoluma-se,  na  constituicSo  dessas  toras 
altas,  no  sen  sector  occidental,  no  valle  do  Orinoco  superior  e  no  trecho  Inidal 
dos  rios  Negro  e  Branc'o,  ambos  tributaries  do  Rio-mar. 

Ck»mo  a  norte  da  linha-eixo  do  masslQO,  ahi  tambem  concorreu  o  grez  como 
causa  determinadora  das  muitas  cachoeiras  e  corredeiras  de  todos  os  rios  da 
d^ressfio  amazonica,  mesmo  d*aquelles,  descidos  do  Massimo  central  brasileiro. 
Em  regra  geral  o  grez  apresenta  a  forma  de  camadas  horizontaes  por  vezes 
fragmentadas,  se  bem  que  em  certos  logares  adquira  a  apparencia  de  verdadeiro 
revestimento  de  um  nucleo  granitico. 

Bxempio  typico  desse  segundo  genero  6  o  monte  Ror&ima  cuja  altitude  excede 
2,000  metros  (exactamente  2,286  m.).  Situado  no  angulo  de  nordeste  da  serra 
de  Paracaima  assim  se  exprime  a  sen  respelto  Lapparent:  "6  elle  enorme 
bloco  quadrangular  de  grez  roseo,  de  paredes  verticaes  e  descancando  sbbre 
pedestal  de  granite."  Ck>mo  os  demals  picos,  sens  irmSlos  do  planalto,  6  elle  de 
forma  tabular  recordando  dest*arte  o  perfil  do  Marima,  do  Kukenam  e  do 
Karawai.  A  transic&o  do  massigo  guianense  para  as  terras  altas  andinas  6 
por  assim  dizer  insensivel  e  nSo  se  faria  notar  se  nfto  existisse  o  valle  do  Orinoco. 
Essa  arteria  e  0  systema  fluvial  do  Negro-Amazonas  com  o  sen  cordfto  umbilical, 
o  cnrioso  canal  natural  aberto  entre  os  dous  valles,  o  celebre  Gassiquiare,  man- 
tenedor  do  equilibrio  hydrographico,  entre  a  primeira  caudal  e  o  tributario  do 
Rio-mar,  concorrem  para  transformar  o  masHdgo  guianense  em  verdadeira  ilha 
cujas  costas  orientaes  hoje  sSo  agoitadas  pelos  vagalhOes  do  Atlantico. 

Outr*ora,  em  epoga  remotissima,  nas  terras  altas,  provavelmente  J&  emergl- 
das  nos  fins  da  6ra  mesozoica,  constituiam  gigantesca  massa  insular  cercada  a 
Norte  pelas  aguas  oceanicas  e  a  Sul  pelas  do  mediterraneo  amazonico. 

Mais  tarde  successivas  alteragOes  da  crosta  terresti-e  conoorreram  para  a 
transformacSo  dos  mares  terciarios  nas  extensas  bacias  de  dous  poderosos  rios, 
ex  vi  da  acgSo  mecanica  das  alluviSes  que,  aos  poucos,  ali  lam  sendo  deposi- 
tadas.  Do  nucleo  montanhoso  ao  mar  actual  fica  a  zona  dos  terrenos  alluvio- 
narios  constituidos  por  elementos  desagregados  das  rochas  de  grez  corroidas 
pela  acsSo  das  aguas  pluviaes  ou  pelas  correntes  dos  rios.  Entram  tambem 
em  sua  composigfio  sedimentos  argiloaos  impregnados  de  depositos  salinos  e 
detrictos  vegetaes. 

Tal  mlxtura  de  elementos  tAo  diversos  nfto  devia  delxar  de  produzlr  terreno 
de  extraordlnaria  fertilidade  assignalada  por  uma  v^etacAo  em  extremo 
luxnriante. 

Na  margera  meridional  da  grande  arteria  venezuelana,  por  consegulnte  no 
rebordo  superior  do  nucleo  montanhoso  e  no  seu  trecho  superior,  ainda  apparece  o 
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lencol  de  grex  com  o  cerro  de  Dnida,  de  2274  metroe  de  alto,  nila  longe  do  Esme- 
ralda e  do  plco  de  Fernando  de  Lesseps,  onde  fleam  as  nascentes  do  **  soberbo 
Orinoco  **,  conf orme  as  explora^Oes  e  pesqnlsaa  do  sea  deacobrldor,  o  Tlajante 
frances  Chafbinjon  (1886). 

Destacam-se  do  masslgo  central  varios  contrafortes,  que  se  desenvotyem  em 
direc^Oes  oppostas,  as  do  norte  na  espede  de  Imraensa  flv^a  que  e  mesmo 
Orinoco  desenha  no  sea  t^r^o  soperlor.  Se  bem  que  nfto  apresentem  earacter 
algom  erupttvo,  easas  cadelas  lembram  por  soa  dlsposl^o  e  forraas  certas 
montanhas  de  orlgem  Tulcanica,  prlndpalmente  drcos  Immensoe  dMHna^os 
Potreros  pelos  natoraes  do  pals. 

Os  contrafortes  do  Sal,  orientados  em  geral,  de  N.  B.  para  S.  O.  vtoi  a  sua 
altitude  apoacada  a  medlda  que  se  approxlmam  do  valle  do  Amazoaa&  Tbes 
massas  granldcas  Tlolentando  a  corrente  do  Negro  e  do  Uaop^i  for^aram  estes 
rlos  A  ad<^H:tlo  do  reglmem  das  quedas  e  corredelras  nelles  tSo  frequentes. 

Este  sector  da  bacla  do  Amazonas  conta  alguns  plcoe  de  regular  altitude  cora^ 
o  Curlcurlarl  de  1000  metros  de  altitude  segundo  Redus  e,  mals  a  orlente,  a 
Caradma,  no  alto  Rio  Branco.  O  mesmo  phenomeno  das  solucOes  de  contlnal- 
dade  no  dedlve  dos  rlos  6  observado  na  vertente  septentrional  do  mas^^,  ikk 
alto  Orinoco.  At6  o  Casslqalare  o  rlo  vd  o  sea  curso  interrompldo  por  iDnameras 
corredelras,  os  "raudales**,  mas  a  partlr  daquelle  canal,  ami  excepc&o  de 
rapldos  que  por  rezes  surgem,  offerees  a  magestosa  arterla  o  earacter  de  osna 
caodal  de  planlde. 

UASSigO  CENTRAL 

Terra  antlqulsslma  6  o  masslco  central  brasllelro,  am  doe  terrenos  "  nial»  esta- 
▼els,  mals  rlgldos  e  de  menor  dlsloca^So  que  exlstem.'* 

Sea  conjuncto  e  a  natureza  de  suas  linhas  despertoa  a  atten^o  de  Svess 
pela  slmilbanca  que  offereda  com  o  planalto  dekanlco.  Neste  o  recalcamento 
central  provocou  a  formacSo  de  bordos,  os  Ghat  (eacada),  que  bem  mereeem  » 
nome,  em  geral  constltuldos  por  lavas. 

Nas  t^ras  brasUelras  toi  prlndpalmente  a  Leste  que  o  pbenomeno  se  ae^ 
centoou  dando  orlgem  4  Serra  do  Mar,  escarpa  oriental  do  maaeiso. 

Dlvergiram  por^m  em  am  ponto  os  baluartes  Indlanos  com  o  ami  Irafo 
brasllelro :  ao  passo  que  aquelles  guardavam  Intacta  a  sua  muralha  este  saffreo 
uma  brecha  para  dar  passagem  As  aguas  de  am  rio  do  Interior,  que,  si  aasis» 
nfio  fosse,  teria  desenvolvldo  o  sea  curso  em  um  paralleUsma  flel  para  a  norte 
com  o  do  Tocantlns,  Indo  levar  tambem  o  sea  eontingente  6  depressfio  do 
Amazonas. 

A  prlmeira  difflculdade  na  de8crlpi*&o  da  escarpa  oriental  estd  no  estabded- 
mento  precise  dos  sens  elementos  formatlvos,  levada  &ak  conta  a  naturesa 
dupla  de  sua  constituigfio,  pels  encerra  ao  mesmo  tempo  verdadelras  serranias 
e  simples  elevacOes.  Para  algumas  sBonas  os  dados  que  possuimos  permlttem 
dassifica^So ;  nfio  assim,  por^  para  certas  regldtes  cujo  estudo  Incompleto  e 
falho  susdta  dlvergenclas  e  provoca  duvidas  e  confuaOes. 

Por  outras  palavras:  se  os  accidentes  do  s61o,  a  Nordeste,  Norte  e  Oeste. 
offerecem  montanhas  tabulares,  em  que  avulta  o  gres,  prova  evldente  portanto^ 
da  exlstenda  ahi,  e  activa,  das  forgas  eroslvas,  no  emtanto,  a  Leste,  no  Centre 
e  a  Sul  cabe  a  preeminencla  As  rochas  archeanas,  ao  gneiss  e  ao  granite. 

Abordemos  agora  mais  mlnuciosamente  a  escarpa. 

Verificaremos  que  no  sector  de  Nordeste,  nos  Estados  de  Rio  de  Grande, 
Parahiba  e  Pernambuco  constltuem-a  diversas  Elevacdes  com  os  noroes  locaes 
de  Serras  da  "Borborema",  "Jacarard",  "Guandti",  e  "PllOes",  cujos  ele- 
mentos mais  importantes  s9o  do  mesozoico.  Mais  n  sul,  era  Alagdas  e  Sergipe, 
apresentam  as  Diontanhas  outre  nspecto  geologico:  surgem  ahl  as  rochas  cnrs- 
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f  ttlnaB  como  gneiss  verdes,  mica  amarella,  e  grez  em  geral  duro,  al^m  de 
fldilstos.  A  oeste  do  baluarte  se  desenvolve  a  terra  sertaneja  cajas  planides 
isremente  accidentadas  imprimem  &  terra  aspecto  ameno  e  pittoresco. 
'  O  Professor  Branner,  que  estudou  esta  reglfio,  deu-lhe  o  nome  de  Trans- 
terrana  ou  ainda,  regifio  archeana.  Ahi  receben  a  escarpa  as  denominacOes 
de:  cadela  de  "MarabA,"  serras  de  "Itabaiana,"  "CompHda,"  "Cajablba,- 
de^  de  altitude  media  regular,  nfio  excedecdo  nunca  800  metros. 

£  neste  sector  que  o  rio  S.  Francisco  conseguiu  veneer  a  muralba  que  Ihe 
▼edava  o  accesso  franco  ao  Oceano,  assignalando  o  accidente  uma  magniflca 
queda  conhecida  por  ''cachoeira  de  Paulo  AfTonso,**  de  80  metres,  aberta  pela 
eaudal  no  gres  dure  Justamente  no  ponto  em  que  o  conjuncto  dos  elementos 
geologicos  do  planalto  parecia  indicar  a  maior  predisposlc&o  para  a  drenagem 
das  aguas  para  o  orienta 

A  Sul  da  arteria  4  percorrldo  o  territorio  bahiano  por  duas  series  de  eleva- 
^(tes,  com  parallelismo  constante,  na  direcc&o  N.  E. — S.  O.  A  mais  oriental 
coQstitue  ahi  o  rebordo  extreme  do  massico.  Sflo  as  Serras  da  **Muribeca,** 
''Monte  Santo,"  *'Itiuba,"  "Len(^)es,''  continuadas  no  Espirito-Santo  pela 
ebnhecida  cadela  dos  ''Aymor^"  Ahi  cresce  bastante  a  altitude  tendo  o 
botanico  Schwacke  (O.  Derby)  assignalado  um  pico  quartzoso  com  2200  metres. 

Como  a  ocddente  do  S.  Francisco,  desdobram-se  al4m  do  rebordo  as  chamadas 
Chapadaa,  tractos  de  terra  acddentados,  que  rios  encachoeirados  cortam, 
VBico  melo  que  t6m  para  veneer  a  differenga  de  nivel,  que  vai  das  terras-altas 
pun  a  zona  littoraL 

Km  terras  do  Gstado  do  Rio  tern  a  escarps  os  Domes  locaes  de  Serras  de: 
'•Mftcah^"  -Orgfios,-  •'Estrella,-  massico  do  ••TInguA."  Cadeias  de  "Lages,** 
''Arir^**  e  **  Bocaina" ;  esta  ultima  JA  em  territorio  paulista,  com  alguns  picos 
excedendo  1,500  metres.  Em  todas  apparecem  as  rochas  primitivas,  especial- 
BSBte  o  gneiss  granitoide. 

Na  serrania  dos  Orgfios,  principalmente  nas  cercanias  da  cidade  de  Theresopo> 
Us,  exist^n  picos  escarpados  emergindo  de  espessas  florestas  sempre  verdes 
e  com  cujo  aspecto  luxurlante  produz  estranho  contraste  a  sua  completa 
avsencia  de  regetacfto.  T6m  elles  formas  singulares,  pilastras  gigantescas  ou 
terres  desmanteladas,  destacando-se  o  conhecido  '  Dedo  de  Deus'  que,  visto  de 
certa  distanda  evoca  a  imagem  de  uma  m&o  fechada,  com  o  indicador  levantado 
pun  o  c^ 

Reclus,  em  sua  magistral  geographia,  opina  que  a  nome  de  Orgfios  dado 
A  serrania  talvez  proceda  das  extensas  listras  de  lichens  brancos  e  pretos  que 
correm  pela  rocha;  outros,  parece-nos  com  maior  razfto,  sustentam  derivar-se 
a  appellacfio  da  forma  dos  picos  e  de  seu  parallelisma 

O  ponto  culminante  ahi,  que  tambem  o  4  de  toda  a  cordilheira  raaritima, 
estA  na  "  Pedra  Asstk "  de  2232  metros,  conf orme  avalia^o  de  Glaziou,  embora 
srMtre  Mendes  de  Almeida  numero  mais  elevado  (2400  metres). 

O  massico  do  "  TinguA**  (1690  metros)  destda  das  montanhas  que  o  ceream 
sob  o  ponto  de  vista  geologico.  Orville  Derby  4  de  <^nifio  que  seja  elte  de 
Dtttnreza  vulcanica  apresentando  vestigios  de  crateras  obliteradas.  AliAs  6 
beiB  de  observar  que  nfio  4  die  o  unico  ponto  do  massico  brasileiro  que  rerele 
a  cxlstenela  de  agentes  plutonicos,  como  succede  no  interior  do  paiz,  na  Serra 
do  **  Espinhaco.** 

O"*  TinguA"  apresenta  forma  bem  diversa  dos  picos  e  cabecos  das  serras 
de  escarpa :  o  seu  perfil  de  pyramide  truncada  despida  de  vegetacfio  constitue 
o  typo  dassico  das  montanhas  de  sua  natureza. 

Entre  os  contrafortes  da  Serra  do  Mar  4  conveniente  destacar  o  masslgo 
montanhoeo  do  Distrlcto  Federal,  com  as  Serras  da  "  Tljuca,"  "  Pretos  Forros," 
*'BangA,"  **  Jacar^paguA."  etc.      O  ponto  culminante  demora  na  primeira  e 
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4  representado  por  urn  pico,  o  do  **Andarahi "  de  aspecto  alteroeo  e  pittoresoo 
pela  sua  opulenta  vegetagfto,  com  uma  altitude  de  1025  metros.  iCYiatftm  tarn- 
bem  ne9ta  seccfio  do  littoral  brasileiro  montes  isolados,  de  constitulcfto  archeana, 
e  de  formas  slngulareo,  alguns  at6  de  regular  altura,  como  o  "Corcovado" 
(697  metros),  a  "Gavea"  cujo  perfil  Ihe  empresta  o  nome,  o  "Pfto  de  Assucar/* 
euorme  cone  de  granito  meio  tombado,  4  entrada  de  barra  da  bahia  do  Rio 
de  Janeiro,  defrontado  do  lado  <^posto,  e  j&  em  territorio  flumlnense.  por 
montanha  de  forma  quasi  identica  e  do  constituisfto  geologica  IguaL 

Bm  S.  Paulo  a  escarpa  contintla  a  desenvolver-se  em  parallelismo  constante 
jom  a  borda  do  littoral,  crescendo  em  altitude  na  sua  seccfto  de  sul  ondo 
alcanca,  segundo  Mouchez,  1330  m.  nas  "Agulhas"  da  Serra  de  "Itatins.** 

Recebe  em  seu  percurso  a  SERRA  do  MAR,  (que  tal  ^  a  denominac&o  da 
escarpa  em  terras  paulistas)  as  appellidacdes  de  Serras  de:  ** UbatatMU** 
"  Paranapiacdba,*'  "  Itatins"  e  "  GuarahtL"  Do  rebordo  oriental  at^  o  grande 
fosso  recurvo  do  Parand  correm  as  terras  altas  que  constituem  a  bada  dease 
grande  rio,  de  incllnac&o  geral  de  S..O.,  de  aspecto  variado  por  causa  de  semi 
multiplos  recalcamentos  e  lombadas,  ricas  em  valles  de  orlentac2o  mais  oo 
menos  semelhante.  Ahi  encontram-se  o  gres  vermelho  e  schistos  argiloseos, 
aldm  de  elementos  basalticos  na  parte  sul.  O  rebordo  ou  Serra  do  Mar  U>ak 
composig&o  identica  d  da  escarpa  em  terras  flumlnenses,  isto  ^  apresenta  gneias 
e  granito,  al^m  de  rochas  eruptivas  em  alguns  pontos. 

No  Parand  6  conhecida  a  escarpa  ainda  sob  a  denominac&o  g^ral  de  ^  Serra 
do  Mar  •*  e  designacOes  locaes  de  "  Negra,"  *•  Mfte  Cathira,"  "  Graciosa,"  ^aba- 
tfto,"  etc.  Vista  do  mar,  6  ella  ingreme  e  alcantilada,  de  crista  irregular.  £  aeo 
ponto  culminante  o  "  Marumbi "  com  1480  m.  segundo  uma  avalia^o,  emquanto 
que  Weiss  Ihe  attrlbue  1810  metros. 

Os  elementos  geologicos  sSo  ahi  da  4ra  paleozolca:  ahi  se  encontram  o 
granito  e  os  gneiss  schistosos  com  rochas  porphyriticas  e  eruptivas  muitoantigas. 
Para  o  oeste  correm  em  declive  as  terras  altas,  Igualmente  para  o  fosso  fluvial 
do  Parand,  com  o  aspecto  de  um  verdadeiro  Table-land,  com  sens  rios  encachoel- 
rados,  de  aguas  abundantes. 

No  estado  vizinho  meridional  corre  ainda  mais  para  o  occidente  a  Serra  do 
Mar,  de  aspecto  realmente  plttoresco  com  o  contraste  dos  picos  da  cadeia  do 
^Cubatdo**  e  os  imponentes  terraces  dos  chamados  '*  Campos  da  Boa  Vista." 
A  constituigfio  geologica  6  a  mesma,  apenas  havendo  a  mais  depositor 
do  carbonifero.  No  Rio  Grande  do  Sul  a  altitude  dimlnue  bastante,  sem  que  se 
alterem  os  elementos  formadores,  apparecendo  por6m  ahi  fragmentos  do  de- 
voniano  e  forma^Oes  lavicas. 

As  elevac^es  ahi  sdo  de  declive  suave,  conhecidas  na  linguagem  local,  por 
**  lombadas  **  ou  **  coxilhas,"  expressdes  que  bem  traduzem  as  formas  que  apre- 
sentam.  No  Uruguay  a  natureza  dos  elementos  geologicos  e  a  direccdo  das 
coxilhas  e  elevagues  bem  demonstram  ser  a  regido  verdadeiro  prolongamento 
do  grande  massigo  brasileiro,  sob  o  ponto  de  vista  physico. 

Lancemos  agora  os  olhos  pelo  interior  do  planalto. 

Ainda  6  na  zona  oriental  que  se  acham  localLsadas  as  maiores  elevacOes  que 
ahi  dominam  as  terras  altas,  especialmente  as  Serras  do  **  Espinhago  "  e  da  "  Maor 
tiqueira."  Outras  por6m  exlstem,  de  caracter  secundario  quanto  d  imponencia, 
mas  de  importancia  subida  pelo  seu  papel  na  distribulcdo  das  aguas,  impor- 
tancia  que  decorre  da  direc^do  a  que  se  prendem,  caminho  de  Oeste  e  Noroeste 
pelo  t^ritorio  mineiro  e  goiano,  a  principle,  para  depois  entrarem  pelas  terras 
mattogrossenses  atd  o  grande  fdsso  do  Madeira. 

Representam  essas  serranias  o  Divortium  Aquarum  das  duas  vertentes:  a 
**  norte-oriental "  e  a  sua  opposta,  a  "  sul-occldental  '*  ou,  objectivamente,  as 
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bacias  dos  rios  Amazonas,  Tocantins  e  S.  Francisco  por  am  lado  e,  por  outro. 
aa  dos  diversos  rios  trlbutarios  do  Paran&  e  do  Paraguai. 

Desta  areata  principal  se  destacam  outras,  verdadeiras  ramlfica^^lies  secun- 
darias,  elementos  divlsores  que  sfio  dos  diversos  rios,  ora  com  elevacfto  pronnn- 
dada,  ora  tfio  apagadas  que  em  certos  pontos  desapparecem  quasi  completa- 
mente,  facllitando  a  communicacSo  entre  os  trlbutarios  das  bacias  oi^>ostas. 

MiDfls-Geraes  deve  a  natureza  esaencialmente  acddentada  de  seu  86I0  ao 
facto  de  se  desdobrarem  ahl  as  cadelas  que  no  seu  conjuncto  formam  a  ei^inha 
dorsal  das  tres  grandes  dlvis0es  hydrographicas  do  pais,  nfto  demorando  longe 
de  Barbacena  o  ponto  central,  o  n6  de  onde  divergem  as  principaes  arestas  de 
ddimitacfto.  Destas  6  a  de  maior  vulto  a  do  "  Esplnhago/*  assim  chamada  por 
ESschwege,  orlentada  para  o  Norte,  de  percurso  senslvelniente  parallelo  ao  rio 
S.  Francisco  de  cuja  bada  6,  por  assim  dlzer,  a  Unde  orientaL 

Entram  em  sua  composi^fio  o  grez  amarello,  quartzitos  e  elementos  ferru- 
ginosoB,  entre  os  quaes  os  existentes  nos  picos  de  '*  Itabira  '*  e  "  Itacoluml  '* 
receberam  por  sua  composigfto  e  abundancia  os  nomes  de  "  itabiritos  "  e  "  Itaco- 
lumitos.*'  Ahi  tambem  avultam  o  gneiss,  granitos  e  micaschistos,  altoi  de 
rochas  eruptivas,  provas  irrecusayeis  da  actividade  desenvolvlda  outr'  ora  all 
pelos  agentes  vulcanicos.  Os  vestigios  de  erosSo  ahi  sSo  frequentes,  como  o 
atestam  os  cimos  arredondados  das  cadeias.  Gonsideravel  parece  ter  sido  a 
acQfto  das  aguas  pois  urn  geologo,  John  Ball,  do  estudo  dessas  serras  e  do 
regimen  hydrographlco  da  regifto  tirou  a  conclus&o  de  que  ahi  deviam  ter 
demorado  os  pontos  culminantes  de  massigo  brasileiro,  e  cuJa  altitude,  pensava 
elle,  excedesse  ent&o  o  Everest,  isto  6  a  mais  alta  montanha  actual  do  globo. 

Parecem  continuar  a  Serra  do  Espinha^  as  cadeias  de  "  Itacambira,"  '*  Gr&o- 
Mogol,'*  e  das  "Almas,"  esta  ultima  j&  na  Bahia.  Quasi  todas  revestem  a 
forma  de  chapadas.  Numa  extensfio  de  400  km.  encerra  a  cadeia  do  Espi- 
nhago  varios  picos,  sendo  os  de  maior  destaque  o  **  Itacoluml,**  montanha  de 
quartzito  (1,920  m.  segundo  Burnton,  1,700  m.  conforme  Gert)er  e  Eschwege), 
de  aspecto  singular;  0  '*Cara(^'*  (1,955  m.)»  igualmente  de  quartzito,  ambos 
perto  de  Ouro-Preto ;  os  dous  **  Itabira  "  na  bacia  do  Doce,  um  dos  mais  notaveis 
trlbutarios  de  Atlantico  genuinamente  brasileiros  depois  do  Parahyba  do  Sul  e 
do  S.  Francisco ;  e  flnalmente  mais  para  Norte,  e  "  Itamb^  *'  de  constltuigfto  vul- 
canica  com  1,817  m.  segundo  calculo  do  Dr.  Ouls. 

A  serrania  da  '*  Mantiqueira  "  forma  para  o  sul  a  continuacfto  da  cadeia  do 
Espinhaco,  pouco  se  afastando  a  sua  constituiQ^o  geologica  da  ramiflcacflo 
septentrionaL  Al^m  de  quartzitos  e  micaschistos  cont^m  ella  granito  e  gneiss, 
mas  no  seu  extremo  meridional  apparecem  com  schistos  argllosos  e  grez  sem 
fosseis.  Tomam  ahi  as  eminencias  a  forma  tabular,  caracteristica  desse  ultimo 
elemento.  Em  alguns  pontos  da  serrania  ha  rechas  eruptivas,  como  o  atesta  o 
proprio  *'Itatiaia/*  de  origem  relativamente  recente  consoante  opini&o  do  Dr. 
Derby.  A  partir  de  n6  central,  a  S.  O.  de  Barbacena,  como  jd  flcou  dito,  vai 
adquirindo  a  serra  da  Mantiqueira  maior  altitude  at^  alcangar  o  seu  ponto 
cnlminante  em  terras  fluminenses,  mas  proximo  a  S.  Paulo,  no  jd  citado 
'^Itatiaia"  com  perto  de  8000  metros.  Flanqueiam  a  cadeia  diversos  contra- 
fortes  de  extenso  desenvolvimenta 

As  serras  do  Espinhago  e  da  Mantiqueira,  pelo  seu  parallelismo  accentuado 
com  a  Cadeia  Maritima,  constituem  segunda  escarpa  do  planalto  em  sua  zona 
oriental,  ligando-se  as  duas  em  terras  paulistas  e  apertando  entre  si  o  valle 
do  Parahiba  do  Sul  de  dedive  irregular,  interrompldo  que  6  por  muftos  pcnr 
saltos  e  torredeiras. 

De  nd  central  para  0  Occldente  segue  um  correr  de  elevagOes,  descrevendo 
corva  quasf  drcumferencial,  e  a  que  se  pode  chamar  de  "  espinha  dorsal "  do 
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maflsico  brasUeira  880  vordadelras  aaUencfafl  bMo  exoedentes  a  1000  metroft 
na  media  e  de  onde  dlTergem  ramificac^tes,  coja  rderancla  decorre  serem  ^las 
com  o  tronco  iirlncipal  as  determinantes  daa  grandea  badaa  hydrpgr^Aiicaa  do 
BrasiL 

O  tredio  da  coira,  que  rcprcsenta  o  dtvorUum  daa  agaas  do  S.  Frandseo  e 
daa  do  ParanA,  tern  o  nome  de  Serra  da  **  Ganastra  ;**  ae  atteodermoa,  ported 
ao  eonjnncto  daa  aerraniaa  chamadaa  da  ""Matta  da  OMtla,**  ''Santa  Rita,** 
••  Pyreneua,**  Santa  Martlia,**  "Sio  JeroDimo,"  e  "Pareda,"  que  refires^tam 
a  continoacSo  da  Cadeia  da  Canaatra,  teremoa  a  granda  linlia  diviaora  dB» 
▼ertentea  centraea ;  a  da  depreaaSo  Amazooica  e  a  do  Paragnai-ParanlL 

Gomo  ramiflcacSo  importante  dtaremoa  a  aeqnencia  daa  Serraa  de  **&. 
DomingoB,**  das  "Dlvlaoea,"  "  Tagnatinga,**  cfaapadSo  daa  "  Mangabeiraa,**  etc 

Ck>nata  a  compoeicSo  dessa  **  eiqiinba  doraal "  de  gneias  qnartzo  e  grea,  per 
conaegninte  analoga  a  daa  outraa  cadeias  de  planalto;  val  decreacendo  em 
altitude  a  medida  que  ae  deaenvolye  para  N.  0.»  porqve  ae  alcanna  1680  metroa 
na  diapada  dea  "  Veadeiroe,**  cae  a  menoa  dejBOO  metroa  em  Matto-Oroaao^  na 
Serra  doa  Parecis,  sen  extreme  occidoitaL 

A  ultima  aecc^o  do  divortium  representa  a  ribanceira  daquelle  mediterraneo 
que  no  cretaceo  aeparava  aa  terras  altaa  braaileiraa  do  maasico  andina  Nio 
offerece  ella  o  aspecto  de  uma  cordUheira  de  montanhaa  e  aim  de  uma  aerie  de 
talwleiros  de  uns  500  metros  de  altitude  media,  Aa  ^ezea  interrompldoa  per 
montea  iaolados  que  os  excedem  de  outre  tanta  A  eaaa  eacarpa  norte-ocddental 
do  grande  planalto  brasileiro  deu  Gouto  de  IffagalbSes  o  nome  de  ''AraxA.**^ 

O  trabalho  de  erosSo  ahi  fol  vlviaaimo  pelee  traces  ainda  bem  vistTeie  que 
deixaram  aeus  elementos  da  ^ra  paleoaeica. 

As  alturas  que  no  extreme  siri  da  depressSo  a  limttam  a  Oriente  revelam  tt 
exiatencia  de  rochas  eniptivaa  que  abriram  eaminbo  pelas  eamadas  de  gres. 
O  geographo  francez  Redus,  estudando  esta  parte  do  maaaico  brasileiro,  dta  m 
respeito  uma  observacSo  do  engenheiro  Taunay. 

Este  profisional  estudando  estas  eleva^Cies  e  a^eciando-lhes  o  aspecto  tabviar 
opinava  origins  r-se  a  sua  borizontalidade  das  eamadas  sedlmentosas  abi  depoat- 
tadas  por  mediterraneos  de  aguas  dOcea  on  saMbraa. 

Oomo  jft  flzemos  v6r,  quando  alludimos  &  depresaSo  amaxonica,  os  pbenomoioa 
de  que  foi  theatre  a  bada  de  Rio-mar  ahi  ae  reproduairam. 

O  mediterraneo  do  cretaceo,  em  communlcacSo  com  o  seu  irmfio  di^  norte 
pelo  estrelto  apertado,  que  ora  4  preendiido  pdo  trecbo  do  curso  de  UMMim 
Tiainho  da  emfoocadura  do  Guapor^,  viu-ae  delle  s^Murado  pela  soldadmra  qpe 
transformou  aquelle  canal  em  isthmo,  ao  meamo  tempo  que  nas  suaa  lindes  in- 
feriores  as  communlca(;des  se  tomavam  cada  ves  mais  difficeis  com  o  Oceane,  at^ 
que  flcou  inteiramente  separado  das  aguas  marinhas,  transformando-ae  em 
enorme  extensfio  lacustre.  Gomo  na  d^ressfio  amaaonlca  ainda  apreaenta 
vestigios  dessa  phase  anterior  a  do  ParanA-Paragtmy  na  chamada  lagte  de 
"Xarayes,"  provavdmente  o  "fo«d  de  cuvette"  do  antlgo  medfterraaeo. 
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M^TODOS  SE6UID0S,  RESULTADOS  OBTENIDOa  ORGANIZACI6N 
T  FINBS  DEL  SERVIGIO  CWGGRAFICO  MILITAR  DEL  URUGUAY.' 

Por  SILVBSTRB  BfATO, 
Jefe  del  Servido  Oeogrdfloo  MUUar  del  Uruguay. 

Attn  caando  el  boletfn,  caadros,  y  lAminaa  que  se  someten  a  la  llostrada  con- 
«lderaci6n  del  Congreso  Gientffioo,  dan  idea  detallada  de  los  m^todos  seguidos, 
resultadofl  obtenidos,  organisacl6n  y  fines  del  senrlcio  geogrftflco  mllitar  del 
Uruguay,  Juzgamos  de  utiUdad  presentar  el  resumen  sint^tico  que  va  a  continua- 

TBIANOULACldN    OBNEEAL. 

Para  tener  las  veriflcaciones  Indispensables  a  toda  triangulacl6n  general,  se 
proyectaron  cuatro  cadenas  meridianas  y  ctnco  paralelas,  que  dividen  el  terrt- 
torio  de  la  Reptibllca  en  once  cnadrilAteros-zonas. 

^MimcH  26,  1017. 
Dbae  Sib:  I  take  particolar  pletMire  la  «tatiiif  that  the  execative  committee  of  the 
Second  Pan  American  Sdentiflc  CongreM  is  permitted,  through  the  conrtesy  of  His  Bx- 
ceUency  the  Minister  of  Umgoay,  to  present  to  the  divlf>ion  of  which  yon  have  charge 
ana  carta  geogrAflca  de  la  BepdbUca  del  Umgnay  and  iUostrations  and  Iflmlnas  with 
respect  to  the  subject  of  the  triangolation  of  Umgnay. 

Tkmb  documents  were  olPciaily  sBhrnltted  for  the  consideration  of  the  Sdentiflc  Con- 
gress by  His  Excellency  00  the  part  of  the  Senrido  Geogrftflca  MiUtar  del  Umguay,  the 
chief  of  which  is  the  Tenlente  Coronel  Silvestre  Mato,  and  are  now  presented  for  deposit 
In  your  division  in  accordance  with  the  wishes  of  His  Excellency  the  Minister  of  Uruguay 
aa4  the  chairman  of  Section  11,  Br.  Bobert  8.  Woodward. 
Very  faithfully  yours. 

Qlbn  Litin  Swioobtt, 
AtHstant  Beoretary  Qenerol  Second  Pan  American  Scientific  Conffreta. 
Hob.  B.  Lbstbb  Jonbs^ 

Wuperintendeni  Ooatt  and  0md9tie  Sanfoy,  D^parhment  of  Oofmmeree, 
WaoMngian,  D.  O. 

Dbpabtiibnt  or  Commbbcb^ 

U.  S.  Coast  and  Gbodbtic  Subtbt, 

Wa$Mnotim,  AprU  It,  19/7. 

HStt.  OliBlf  I^TIN  SWMOSCT, 

AaolBtant  Secretary  General,  State  Departw^ent  Annea, 
mn  New  York  Avenue,  Waehinffton,  D.  O. 

Mt  Dbab  Sib:  I  trust  you  will  pardon  my  delay  in  replying  to  your  letter  of  March 
29,  1017,  but  I  was  awaiting  the  arrlral  of  the  generous  donation  through  the  courtesy 
of  His  Excellency  the  Minister  of  Uruguay,  mentioned  therein. 

TUm  was  xeceiTed  yesterday,  consisting  of  the  following  sheets*  folders,  and  photo- 
graphs: 

Thiistiy  aheets  of  the  geographic  map  of  Uruguay  (Carta  Geogr&flca  del  Uruguay). 

One  map  of  Quia,  Uruguay,  1010. 

One  map  showing  the  scheme  for  the  general  triangtflatlon  of  the  Bepublic  of 
Uruguay. 

Blve  photographs  of  instruments  used  in  the  triangulatlon  of  Uruguay. 

Sixteen  folders  containing  data  In  regard  to  the  primary  triangulatlon  of  Zone  1  of 
Uruguay. 

PI  wise  eonrey  to  His  BxeeUeMy  the  Mtadster  of  Urugoay  in  behalf  of  the  United 
SIsAes  Csast  and  Oeodetie  Sunrey  eor  wbtb  thanks  and  appreciation.    This  donation 
will  be  placed  in  our  library  and  I  hare  no  doubt  but  that  it  will  be  a  valuable  source 
ei  rtfevencs  for  Information. 
I  BBt  ▼•ly  tmly  yowi, 

&  LsMHi  Joiraa,  Swper^tendent. 
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En  lo«  cnusamientos  de  las  dtadas  cadenas,  se  mide  una  base*  resaltando  aaf 
que  cada  lado  del  coadrilAtero  o  sea  cada  troso  de  cadena  de  150  kins,  tdendao 
medio,  tiene  su  veriflcaci<}n. 

Los  caudrllfiteros-zonas,  se  relleiian  con  el  primer  orden  complementarlo,  el 
segundo  y  tercer  orden. 

V^BTICES   Y   SEf^AUES. 

Los  vertices  de  los  tri^ngulos  se  materlalizan  en  el  terreno  por  medio  de 
monoiitos  a  base  de  hormlg6n  de  Portland  y  se  les  da  mayor  yisibilidad  cod 
sefiales  de  madera. 

LONOrrUD  D«  LOS  LAOOS  DB  fbuckb  obden. 

El  terrltorlo  de  la  Reptkblica  es  una  planlcie  ondulada,  donde  todas  las  elera- 
clones  tlenen  pr6ximamente  el  mismo  valor.  Exlstlendo  muy  pocos  puntoB  de 
altura  domlnante,  tambl^  son  escasos  los  lados  de  prlm^  orden  que  llegan  a  40 
o50km. 

La  longltud  media  de  ^tos  es  de  25  a  80  kms. ;  pues  pasada  esta  distancia, 
las  vlsuales  se  yuelven  muy  rasantes  y  la  imagen  Insegura  por  la  movllldad  de 
las  capas  atmosf^ricas,  pr6ximas  a  la  superflde 

OBSEBVACIONCS  AZIMUTAUBS. 

El  m^todo  general  seguido  para  las  observadones  azlmutales  es  el  de  yneltas 
ne  horizonte.  La  corta  longltud  de  los  lados,  la  nitidez  de  la  atm6sfera  durante 
el  Otofio  e  Invierno  y  el  tipo  de  mira  adoptado,  nos  permlten  emplear,  casi  en 
absoluto  aquel  procedlmiento  y  hacer,  con  resultados  satlsfactorlos,  vlsecddn 
de  las  mlras  desde  los  pllares  de  obserrad^n. 

Por  esta  causa,  s<51o  por  excepcl6n  se  usan  las  sefiales  opticas  y  el  m^todo 
de  combinaclones  binarias,  mds  compUcado  en  cdlculos  y  que  emplea  mAs 
tiempo  en  el  terreno.  Las  observadones  azlmutales  se  hacen  con  20  series  de 
reiteraclones,  para  el  primer  orden ;  con  10  y  4  para  el  segundo  y  tercer  orden 
respectlvamente. 

OBSEBVACIONES  ZENITAUCS. 

Las  observadones  de  dngulos  zenltales  se  hacen  con  5  series  para  el  prlmero 
y  segundo  orden  y  con  2  para  el  tercer  orden. 

LfMITB  DE  PBECISI6N. 

El  llmite  de  predsi6n  adoptndo  para  la  medida  de  bases,  es  rv^^w  >  1"^'* 
los  lados  de  prlmero  y  segundo  orden,  uo^^co  y  para  los  de  tercer  orden,  Tiiir* 
Pero  en  los  elementos  calculados  hasta  la  fecha  se  ban  conseguldo  Umltes  de 
precision  muy  superlores. 

COOBDENADAS   OBOOBAFICAS. 

Para  tener  las  coordenadas  geogrftflcas  de  la  triangulacl6n,  se  har&n  observa- 
dones de  gran  predsi6n  en  dnco  puntos  de  la  red:  Bldart,  en  el  cruzamlento 
de  las  cadenas  centrales  meridlana  y  paralela;  Montevideo  y  Rivera,  extranos 
sur  y  norte  de  la  cadena  merldiana  'central;  Fray  Bentos  y  Villa  Artlgas, 
t^rminos  oeste  y  este  de  la  cadena  paralela  central. 

Para  comprobad6n  se  hardn  observadones  astrondmlcas  de  campafia  en 
todos  los  cruzamientos  de  cadena,  culdando  la  determinaci6n  del  azlmut,  que 
podrd  ser  utillzado  en  la  compensacldn  de  los  azlmuts  de  las  mlsmas. 
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Hasta  el  presente  se  han  medido  slete  bases ;  sets  en  los  cmces  de  las  cadenas 
meridianas  j  paralelas  que  derran  las  zonas  Ndm.  1  y  2,  y  otra  pr6xlma  a  la 
Liaguna  Marin,  utiiizada  en  la  rectiflcaci6n  de  nnestra  frontera  con  los  Estados 
Unidos  del  Brasil. 


'  En  ti  cnadro  siguiente  flgnran  la  longitnd  que  tienen  y  la  dlferencia  entre  la 
Ida  y  la  Yoelta  de  cada  nna  de  eUas. 


Bant. 

Longltiid. 

rancte 
•ntnlA 
IdmvU 
▼twlu. 

Hollit. 

7, 710  m.  640. 17 
0,183  m.  062. 43 
8,009  m.  780.24 
8,311m.  043.09 
7, 722  m.  418. 35 
8,017  m.  077.47 
11,713  m.  301.30 

Mm. 

27.5a 

CcmChato.. ...  ..s     . 

13.04 

Floridm. 

2.24 

43.20 

MflillA 

0.2 

MAldoDado 

10.51 

Aftf^lW 

21.20 

Para  la  medida  de  la  base  de  Maldonado  se  dividid  6sta  en  cnatro  sectores, 
fljando  tres  rep^res  a  convenieDtes  distancias.  Se  emplearon  cuatro  operadores 
para  la  lectura  de  los  hilos;  trabajando  en  cada  sector  dos  operadores  y  los 
otros  dos  hilos  a  la  vuelta.  La  ventaja  de  haber  dividido  la  base  en  cuatro 
sectores,  fuera  de  que  puede  reportar  una  mejor  compensaci6n  de  errores,  se 
puso  en  evidencia;  pues  habi^ndose  notado  una  diferencia  en  la  medida,  fu4 
fAdl  localizarla  en  un  sector  y  hacer  la  rectiflcacidn  con  solo  un  medio  dla 
de  trabajo. 

cAlcuixms. 

Para  tener  la  proyecddn  de  las  bases  al  nivel  del  mar,  se  toma  prlmero 
como  desnivel  medio,  la  mediana  entre  las  nivelaciones  geodMcas  y  topo- 
iprdficas  efectuadas  en  ellas  y  despu6s  se  reflere  este  desnivel  medio  al  cero 
establecido  en  el  Puerto  de  Montevideo,  vali^ndose  de  una  niveladdn  topogrilficm 
practicada  desde  uno  de  los  extremes  de  cada  base  al  punto  m^  prdximo  de  la 
Tia  f ^rrea. 

Preparadas  las  bases  y  las  direcdones  angulares,  se  precede  a  la  ampliflca- 
ddn  y  compensacidn  correspondiente,  por  el  m^todo  de  los  menores  cuadrados. 
Previo  acuerdo  de  bases,  se  hace  la  compensacidn  de  las  cadenas  meridianas  y 
paralelas,  por  el  mismo  m^todo.  En  esta  forma  cada  cuadrildtero-zona  queda 
timitado  por  un  sistema  rlgido  de  cuatro  cadenas,  a  las  cuales  se  subordina  la 
compensacldn  de  la  red  de  relleno. 

Para  facilitar  la  compensacidn  del  primer  orden  complementario,  se  divide 
cada  zona  en  dos  o  tres  trozos  que  se  apoyan  en  las  partes  de  cadena  que  les 
correqwnde. 

Hecha  la  compensaci<5n  de  Angulos  y  lados  se  resuelven  los  trlAngulos  de 
primer  orden  aplicando  el  teorema  de  Leyandre. 

Zona  Niim,   f. 


En  la  Zona  Ndm.  2  se  han  terminado  las  operaciones  del  terrene,  ddndose 
prindpio  a  los  c&lculos. 
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Tercet  orden. 

Para  no  recargar  de  datos  los  trabajos  que  se  presentan,  no  se  agregan  IO0 
cAlcnlos  J  resnltadofl  d^  tercer  orden. 

CABTA  QBOORAfICA  DB  LA  BEPt^BUCA — ^aI^O  1910. 

La  Carta  Geogr&fica  de  la  Reptibllca — afio  1910 — tu^  confecdonada  &i  la  8ra 
DiYlaldB  del  Bstado  Biayor  Qeneral  d^  BJ^rdto,  bajo  la  dlrecd^n  d^  actud 
Jefe  del  Servlcio  Geogrdfico.  Es,  en  realidad,  mi  trabajo  prelhninar  o  anto^ 
proyecto,  con  las  Imperfecdones  y  errores  propios  a  las  cartas  por  noticlas. 
Impresas  en  talleres  en  formacl<}n. 


dbterminaciOn  de  la  profundidad  de  la  cortbza 

TBRRESTRB  POR  MEDIO  DB  LA  SISMOLOGIA. 

Pot  GALDINO  NEGRI. 

Bneargado  del  ServMo  SUmico  del  Observatorio  Astron&mieo  Naeionai  de  Im 

Plata. 

El  profesor  Jos^  Loukaschewits  del  Instltuto  Geoldglco  de  la  Universldad 
de  Petrogrado,  en  su  trabajo  La  vie  inorgandque  de  la  terre  (Petrograd,  1911), 
lleg6  a  determinar  entre  otros  elementos  geoliSgicos:  el  valor  correspondlente 
a  la  profundidad  de  la  corteza  terrestre,  por  tres  m^todos  distintos:  l^  Par- 
tlendo  de  las  anomalfas  de  la  gravedad  en  la  superficie  terrestre  y  del  espesor 
de  los  sedimcntos.  2*.  Tomando  por  base  del  cdlculo  el  grado  geotdrmioo 
medio  (esto  es:  el  aumento  de  an  grado  de  temperatura  por  cada  33  m.  de 
profundidad)  y  la  supuesta  propledad  fundamental  del  magma.  3^.  Tomandv 
como  punto  de  partlda  la  contraccl6n  de  la  superficie  terrestre  deblda  a  esfuerzon 
orog^nlcos. 

Por  medio  del  primer  ni^todo,  el  profesor  Loukaschewitz  obtuvo  como  llmltes 
para  el  espesor  de  la  Utosfera  un  valor  m6xlmo  de  84  km.  y  un  valor  mfnimo 
de  46  km.,  y  por  conslguiente,  un  promedio  de  65  km.  Por  medio  del  segundo 
m^todo  obtuvo  un  valor  medio  de  70  km.  T  por  medio  del  tercer  m^todo, 
obtuvo  un  valor  medio  de  68  km. 

El  objeto  de  esta  Memoria  es  determinar  aproximadamente  la  profundidaiil 
de  la  corteza  terrestre,  utilizando  tan  solo  criterios  slsmol6gicos. 

Es  UB  faecho  comprobado  por  m^  de  dies  afios  de  continuas  obeervadones, 
que,  la  velocldad  aparente  (veloddad  medlda  sobre  eH  arco  de  cfrculo  mfixim» 
epiceidTO-estaci<}n)  de  los  primeros  tr^mltos  prellminares,  es  sensiblemeate 
constante  hasta  una  derta  distancia  ^central. 

Esta  veloddad  ha  sido  por  mi  calculada  con  toda  la  aproximaci6n  po6ibl«, 
y  encontr^  respectivamente  los  valores  de  0.4395  y  0.448  millares  de  km.  por 
minuto  para  el  epicentro  y  para  la  distancia  eplcentral  de  1,000  km.  que  co- 
rrespondent pues,  respectivamente  a  7.32  y  7.42  km.  por  segundo.' 

Teniendo  en  cuenta  que  la  diferencia  entre  ambos  valores  es  muy  pequefia, 
podremos  desde  luego  despreciarla,  sin  sensible  error  y  de  consiguiente  tener 
por  derto,  segdn  cuanto  nos  ensefia  la  experlencia,  es  dedr,  la  observadte 
directa,  que  la  velocldad  es,  hasta  derta  distanda  epicentral,  senaiblemente 
constante. 

^  "  Eelasloiii  razlonall  pel  calcolo  della  distania  epicentrale.  VelodtA  medle  appareati 
cd  asBolate  apparent!  del  prlml  tremiti  prellmiiiari,"  per  Oaldino  Negri.  Bn  *'Aiiale«  de  la 
Bocledad  Cientfflca  Argentina,**  Buenos  Aires,  1013.  **  Bignltati  raslonall  ottennti  da  mm 
■tndlo  di  investigasione  sismlca,"  per  Oaldino  Negri.  **Boletfn  de  la  Bodedad  Siam^- 
Mgica  Sod  Aadina,"  1014.  San  Joan. 


ASTBONOMT,  MBTBOBOLOOY,  AKD  SBIBICOLOOT.  328 

De  modo^  poet,  que  para  dlstandas  epioentralea  que  do  inperaii  IO0  1,000  km., 
podenxw  considerar  con  macha  aproxiiiiaci<}n  el  valor : 

mUlares  de  km.  por  mtniito,  o  aea,  7.800  km.  per  aegimdo,  como  Teloddad  media 
aparente  de  loe  primeros  tr^mltoe  prellminares. 

En  otros  trabajos^  he  demonstrado  que  log  primeros  y  eegundos  tr^mltoa 
prelimlnarea  tienen  que  recorrer  trayectoriaa  qne  aproximadamente  coinciden 
con  las  coerdas. 

81  la  Teloddad  aparente  de  loe  prlmeroa  tr^mitoa  prriiminares  permanece 
conatante  para  arcoa  no  snperiorea  a  una  derta  dlatanda  eplcentral,  ae  aaca 
coBw  conaecnenda  qne  tambl4n  la  vdoddad  real  (Teloddad  medlda  aobre  la 
cnerda)  deberA  permanecer  conatante  para  toda  la  longitnd  de  laa  cnerdaa 
ccrreapondlentce  a  dichoa  arcoa. 

Ahora,  para  qne  la  veioddad  en  nn  medio  reanlte  aenaiblemente  conatante,  ea 
pi^edao  qne  mk  cada  pnnto  dd  medio  donde  ae  produce  la  propagad^n  aea 

conatante  la  relad^n  j  (it  elaatiddad  dd  medio;  d,  densidad). 

It 
Para  que  ^  >^  conatante,  es  predao,  o  bien :  que  /»  7  d  con  el  aumento  de 

la  profundidad  varfen  proporcionalmente  al  mismo  valor,  o  bien:  que  amboa 
permanescan  conatantea. 

Pero  bien  sabemos  que  la  litosfera  0  corteza  terreatre  eatA  constituida  emi* 
nentemente  de  rocaa  cuya  densidad  media  diflere  poco  de  loe  extremos  (ex* 
ceptuadas  algunas  que  ocupan  las  partes  m&s  superfldalea  de  la  costa  terrea- 
tre), de  mode  que  puede  aceptarse  que  la  litosfera,  tomada  en  su  conjunto, 
tiene  una  densidad  casi  conatante. 

En  efecto :  la  parte  de  la  costra  accesible  a  nuestras  investigaciones  directaa, 
o  aea  experimental,  y  que  nosotros  conocemos  hasta  cerca  de  loe  2,000  m.  de 
profundidad,  est&  compuesta  con  material  rocoso  de  cerca  de  2.5  de  denaidad 
media  con  los  extremos  de  2.8  y  2.7;  mientras  las  rocas  de  profundidad  que 
conatituyen  la  parte  mds  pesada  de  la  costra  y  que  en  general  ocupan  la  parte 
mAa  profunda  de  ella  tienen  una  densidad  que  varfa  de  2.7  a  8.4;  y  en  conae- 
cnenda una  media  de  8.05. 

Tendremos  de  esta  manera  que  la  costra  terrestre  puede  ser  considerada  en 
su  conjunto  constituida  por  un  medio  de  densidad  media  sensiblemente  cona- 
tante de  2.78  con  los  extremos  de  2.5  y  3.05. 

De  manera,  pues,  que  siendo  para  toda  la  litosfera  d  sensiblemente  constante, 
$L  tambi^n,  por  cuanto  he  dicho,  tendrd  que  permanecer  sensiblemente  constante 
para  toda  la  profundidad  de  la  litosfera. 

Sabemos  tambi^n  como  hecho  indiscutible  que  las  velocldades  de  los  primeros 
trtoitoB  prellminares  medidas  sobre  el  arco  de  circulo  mdximo  (vdocidadea 
aparentes)  para  distancias  epicentrales  superiores  a  un  derto  valor,  aumentan 
HLpldamente  haata  derto  Ifmite ;  y  ocurre,  pues,  que  tambi^n  las  velocidadea 
medldaa  aobre  las  cnerdaa  (velocidadea  reales)  tambi^n  deberdn  aumentar 
r&pldamente  haata  derto  Ifmite  con  el  aumento  de  las  mismas  cuerdas. 

Ser&  entonces,  como  l<5gica  e  inmediata  consecuencia,  que  si  pudi^ramos  medir 
directamente  la  veioddad  con  la  cual  loa  primeros  tr^mitos  preliminarea  ae 
propagan  a  lo  largo  del  radio  terrestre,  desde  la  superficie  hacia  el  centre 
de  la  tierra,  ae  obtendrA  un  valor  caai  constante  hasta  una  derta  profundidad ; 

^''NaoTo  contributo  alia  determtnasione  rasionale  die  alciine  funzionl  sismlche" 
(pronto  per  la  pubbllcasione),  per  Oaldino  Negri.  "Alcune  conslderaxioni  rispetto  alle 
coatanti  impiegate  dairOisenratorio  Slsmograaco  di  Lima  pel  calcolo  della  dUtaim  epl- 
eentimle  "  lo  poblicarft  la  *'  Bevista  de  Ciendai "  de  Lima. 
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7  deflde  este  imnto  la  Teloddad  amn^itarfa  continoa  y  aengtbilfnimfmiHite  para 
inrofandidades  mayores. 

Pasando  del  coDcepto  alsmlco  al  concepto  geol6gioo  ae  ve  daramente  que  al 
ya  mencionado  estrato  en  el  coal  ft  y  d  permanecen  caal  eonstantes  (lito^^ra, 
coBtra  terrestre)  tiene  que  sncederle  un  eatrato  conatitufdo  por  un  medio  en 

el  cual  J  debe  aumentar  de  modo  contlnuo  y  sensible  hasta  nna  derta  pro- 
fundidad.  Natnralmente,  en  este  aegundo  medio  tanto  fL  como  d  aumentaa 
contlnoamente  hasta  clerta  profundldad;  pero  como  por  coanto  he  dicho  la 

reladto  ^  ^^^  aumentar  senslblemente  haata  eaa  profondidad,  sooede  que 
fk  debe  aumentar  mAa  rftpldam^ate  que  d, 

Desde  la  auperficle  hada  el  centro,  al  estrato  de  la  coatra  terreatre,  en  el 
cual  densldad  y  elastlddad  permanecen  caal  constantes,  sncederd  bmacamente 
un  estrato  en  el  cual  elastlddad  y  densldad  aumentarin  rApldamente  {^aM- 
ddad,  mAa  rApldamente  que  densldad)  hasta  una  derta  profundldad. 

Dlgo  bruscamente  porque  he  podldo  cominrobar  en  mis  trabajoa  mendonados 
al  final  de  esta  nota,  que  el  dlagrama  de  laa  veloddadea  abaolutas  aparentea 

(_  dS 
"^^'S*  ^^^^  ^  ^^  distanrta  ^- 
central,  y  t  el  tlempo  empleado  para  recorrer  dlcha  dlstanda)  despute  de 
derta  dlstanda  eplcentral,  se  desvfa  r&pldamente  de  dlrecddn,  y  laa  ordenadaa 
adquieren  bruscamente  valores  cada  ves  mds  grandes;  &i  otros  termlnoa:  loe 
doe  dlagramas  no  se  empalman  slno  que  forman  un  punto  brusco. 

EUo  qulere  declr,  repltl^ndome,  que  tan  pronto  como  se  alcanza  una  derta 
profundldad  a  determlnarse,  ti  y  d,  y  por  consecuencla,  W,  sufren  un  bruaeo 
Incremento  (pero  slendo  slempre  el  Incremento  de  m  mayor  que  el  incremento 
ded). 

Ya  he  dlcho  que  la  veloddad  aparente  permanece  constante  hasta  una  derta 
dlstanda  eplcentral,  y  despu^,  para  dlstandas  eplcentrales  mayores,  aumenta 
contlnua  y  a  la  vex  senslblemente  hasta  un  derto  Ifmlte ;  desde  este  Hmlte  para 
adelante,  para  dlstandas  eplcentrales  cada  vez  m&a  grandes,  la  veloddad  apa* 
rente  slgue  slendo  todavia  casl  constante. 

Este  tamblto  es  un  hecho  que  ya  no  admite  discusiones. 

Tenemos,  por  conslgulente,  que  la  veloddad  real  despu^  de  derta  profun- 
dldad para  adelante,  hasta  el  centro  de  la  tlerra,  deber&  tambl^  mantenerae 
casl  constante. 

De  cuanto  dejo  expuesto,  puede  conceblrse,  pues,  a  nuestro  globo  desde  la 
superflcle  hada  el  centro,  formado  asf : 

1.*  Un  Involucro  de  derto  espesor,  en  el  cual  t^  y  d  Be  mantlenen  senslble- 
mente constantes. 

2.*  De  un  Involucro  en  el  cual  /t  y  d  prlmero  aumentan  rftpidamente  con  la 
profundldad  (m  mucho  mds  rdpldamente  que  d) ;  en  segulda,  mdd  lentamente 
y  mds  lentamente  en  lo  sucesivo. 

8.*  De  un  ndcleo  Interne  central,  en  el  cual  fi  y  d  crecen  aslnt6tlcamente  de 
manera  a  poder  conslderarlos  senslblemente  constantes. 

Estas  tres  concepclones  no  son  debldas  a  oplnlones  o  hlpdtesls,  slno  a  una 
16gica  e  Inmediata  consecuencla  de  las  tres  proposlclones  sigulentes,  acerca  de 
la  verdad  de  las  cuales  hoy  ya  no  hay  nlnguna  duda : 

(a)  La  veloddad  aparente  de  los  prlmeros  tr^mltos  prellmlnares  ea  casl 
constante  hasta  dlstandas  eplcentrales  no  super  lores  a  un  derto  valor;  y  por 
conslgulente  tiene  tambi^n  que  ser  constante  la  veloddad  real  hasta  una  clerta 
profundldad. 

(6)  Despui^s,  la  veloddad  aparente  de  los  prlmeros  tr^mltos  prelimlnarei 
hasta  otra  derta  dlstanda  eplcentral,  crece  prlmero  con  rapldez,  luego  lenta- 
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mente  y  despu^  lentlsiniamente ;  en  Gonsecuaicia*  hasta  otra  cierta  profandi- 
dad,  tendrA  tambi^n  que  aumeDtar  la  velocldad  real  con  iguales  modaildades. 

(q)  Pot  Ultimo,  para  distancias  epicentrales  cada  vex  m&»  grandes,  la  velocl- 
dad aparente  se  mantiene  sensiblemeDte  constante,  y  por  consigaiente,  taiAbito 
debe  permanecer  senslblemente  constante  la  velocldad  real,  a  partir  de  ud» 
ti&tt^  profundldad,  hacia  el  centro  de  la  Tierra. 

El  primer  involucro  (involucro  extemo)  es  evldentemente  el  que  los  ge61ogo« 
Uaman  la  litoefera,  y  en  su  conjunto  constituye  la  costra  terrestre. 

Ese  involucro,  desde  la  superficie  hacia  el  interior,  estd,  como  se  sabe,  const!- 
tnldo  por  las  eras:  Antropozoica  (Guatemaria)  comprendiendo  el  perfodo 
actual  y  el  post-plloceno ;  la  Cenosoica  o  Terciaria  que  comprende  los  perfodos 
PUoceno,  Mioceno,  Oligoceno  y  Eoceno;  la  Meaozaica  o  $€cundaria  que  com- 
prende los  perfodos  Gretdceo,  Jurdsico  y  TriAsIco;  la  Paleozoica  o  Primaria 
que  comprende  los  perfodos  P^rmico,  Garbdnico,  Dev6nlco,  Slliirloo  y  Pre- 
cAmbrico;  y  por  tiltimo,  la  Azoica  (Arcaica). 

CoQ  respecto  a  las  rocas  que  constituyen  la  litosfera  dobe  clecir.^e  que  no 
todas  tieuen -importancia  en  la  telesfsmica;  tienen  poco,  los  calc6reos  y,  por 
coDSiguiente,  los  mdrmoles  de  origen  sedimentario,  porque  se  encuentran  en 
las  partes  m^  superficiales  de  la  costra  terrestre. 

Por  el  contrario,  tienen  mucha  los  granitos,  las  slenitas,  las  dloritas,  loa 
p6rfidos,  etc.;  en  fin:  las  rocas  plntdnicaM  dcidas  o  bdsicat  que  representan  el 
sQbstracto  o  la  parte  fundamental  de  la  costra  terrestre. 

La  velocldad  de  propagaci6n  de  las  ondas  longitudinales  (primeros  tr^mitos 
preliminares)  encontrada  por  Husakabe  con  unas  muestras  de  rocas  plutiinicas, 
serfa  solo  de  4.4  km.  por  segundo,  mientras  que  los  sefiores  Adams  y  Ck>ker 
obtuvieron  valores  que  se  acercan  a  G.4  km.  por  segundo. 

El  doctor  Emilio  Oddone,  subdirector  de  la  Oficina  Central  Meteorol6gica  y 
Geodintodca  Itallana,  de  Roma,  en  un  redente  trabajo:  Deierminazioni  dina- 
miche  del  modulo  di  elaaticitd  di  Young  delle  roccie  (Estratto  delll  Annall  del 
Ufficcio  Oentralc  di  Meteorologla  e  Geodinamlca,  volumen  XXIII,  parte  I.*,  1911, 
Roma)  eon  un  selecto  material  y  aparatos  enteramente  nuevos  de  su  inven- 
ei6n,  pudo  determinar  vali^ndose  de  rocas  fundamentales  (granites,  sienitas, 
dloritas,  pdrfldos),  los  mddulos  de  elasticidad  de  Young,  de  los  cuales  dedujo 
la  velocldad  de  los  primeros  tr^mitos  preliminares  a  trav^  de  esas  rocas,  ob* 
teniendo  los  siguientes  valores : 

Granites de  6.25  a  7     kmyseg.;  promedio:  6.64  km^seg. 

Sienitas promedio:  7.5    kmyseg. 

Dloritas promedio:  8       kmyseg. 

PdrfidoB de  8.6    a  8.8  km./seg. ;  promedio :  8. 7    kmyseg. 

Promedio 7.7    km./8eg. 

De  modo,  pues,  que  segtln  el  doctor  Oddone,  el  valor  de  la  velocldad  media 
de  propagaci6n  de  las  ondas  longitudinales  a  trav^  de  las  rocas  fundamentales, 
se  aproximarfa  alredcdor  de  7.7  kmyseg. 

Tengo  dicho  y  repito  ahora  que  los  primeros  tr^mltos  preliminares  en  su 
movimiento  de  propagaci6n,  deben  recorrer  senslblemente  las  cuerdas  y  si 
se  conslderan  pequefias  distancias  epicentrales  no  superiores  a  1,000  o  1,500 
km.,  esas  cuerdas  evldentemente  atravesardn  en  gran  parte  la  zona  plut6nica, 
o  sea  la  zona  de  las  rocas  fundamentales. 

^Gu&l  es  la  velocldad  que  la  observaci6n  dlrecta  le  asigna  a  la  propagaci5n 
de  los  primeros  tr^mltos  preliminares  constrefiidos  a  recorrer  dicha  zona? 

Los  tratados  de  Geologfa,  de  Geograffa  flsica  y  de  Ffsica  terrestre,  anterlores 
a  1900,  o  blen  callan,  o  bieii  dan  ideas  anticnadas  sobre  In  elasticidad  de 
kk»  rocas  y  de  la  tierra. 


826       PBOCEEDIKQS  SECOND  PAN   AMERICAN  SCIENTIFIC  CONOBS80W 

Veamot  lo  que,  eu  gteoeral,  han  dicho  los  aismdlogot  y  gedlogos  deade  IMO 
para  acA: 

Luis  Dbicaiohl— Tm^tolo  di  GeograM  Jtttoa,  1900,  Paria :  Beaame  ^  aatada 
de  loa  Gonoctmientoa  haata  el  alio  1001  y  ^m  aalgna  a  las  oodaa  de  la 
iabteae  (prlmeroa  trteiitoa  prellminaree,  ondaa  longitiidinalea)  la 
de  6  km^/aeg.,  y  mda,  para  diaCanciaa  epioeotralea  ootapraiidldaa  entre  IfiW 
f  10»000  km.,  distandaa  para  noaotroa  donaalado  grandea,  porqae  laa  caefdas 
correapoDdientea  paaarfan  en  gran  parte  por  aooaa  mim  profimdaa  qoe  la 
Oltima  caps  de  la  coatra  terrestre. 

O.  B.  I>xnTOK.—B€rthquake$  M  the  Ughi  a/  new  9ei8moloffif,  London,  ISM: 
Le  atribnye  la  dfra  de  5.5  kin./aeg.  a  la  Teloddad  auperflcial  (teloGkhMl 
aparente)  de  loa  prlmeroa  trteltoa  prellmlnarea  para  dlatandaa  eptoentralas 
menorea  de  20*.  MAa  alUL  de  dicha  dlstanda  admits  <nie  laa  ondaa  de  oam- 
preaidn  (prlmeroa  trteltoa  prellmlnarea)  alcanoen  la  Tdoddad  de  9.25 
kmyaeg.  El,  a  qnlen  tanto  le  Intnreaa  el  furoblema  de  la  T^oddad  con  el 
aomento  de  la  profondldad,  lamenta  qoe  laa  determlnadonea  de  loa  mMslos 
de  elaatlddad  aobre  mneatraa  de  rocaa  aean  demaalado  eacasoa.  • 

Citadaa  laa  obserradonea  de  Nagadcat  aegdn  laa  cnalea  laa  rocas  antlgsas 
demuestran  mayor  grade  de  elaatlddad,  ezplica  tal  amnento  por  proeedlmleato 
de  metamorflamo  y  Uega  a  la  condnsldn  de  que  oon  el  anmento  de  la  pro- 
fundldad,  anm^ita  rApldamente  la  Teloddad  de  propagaddn  de  laa  onda% 
de  manera  que  alej&ndoee  cada  vei  mAa  de  loa  datoa  ezperlmentalea  q[vs 
aoerca  de  mneatraa  de  rocaa  pneden  obtenerae  en  loa  laboratorloa,  dice  textual- 
mente: 

**The  probable  meaning  of  thia  la  tbtit  none  of  the  rocka  vlalble  at  tlis 
enrface  are  In  a  condition  to  manlfeat  the  elaatldty  and  rigidity  they  would 
have  nnder  anch  condltlona  aa  exist  In  the  deptha  of  the  earth.** 

Eiciuo  Hahg. — Traits  de  Qeologie,  parte  1*,  1907,  Parte:  Atribnye  a  laa 
velocidadea  de  laa  trea  eapedea  de  ondas  qne  emanan  de  nn  epicentre  laa 
riguientea  clfraa:  9.6  km./aeg.  para  loa  prlmeroa  tr^mltoa  prellmlnarea  (n 
ondaa  longltudlnalea,  prlmera  anbftuw  prelimlnar)  6  kmyaeg.  para  loa  aegnndoa 
trtoitos  prellmlnarea  (ondaa  tranaversalea,  aegnnda  anbfaae  prelimlnar)  y 
de  8  a  8.5  km./8eg.  para  laa  ondaa  superfldalea  (ftuie  prindpal) ;  y  admits 
qne  esta  dltlma  velocidad  aea  conatante  y  qne  laa  doa  prlmeraa  T^oddadea 
aumenten  con  la  distancia  epicentraL 

A.  SiEBEBo. — 1008,  Der  ErdhaUe,  MOnchen:  Signe  la  teorfa  mAa  conodda 
qoe  es  la  de  Bendorf,  y  atribnye  a  las  ondas  de  los  prlmeroa  trtoltos  prsli- 
minarea,  la  velocidad  de  5.5  km./seg. 

C.  O.  Knoft. — Proceedings  of  the  R,  Boc.  of  Edinburgh,  volnmen  XVm, 
8*  parte,  1907.  TJie  phyaicB  of  Earthquake  Phenomena,  Oxford,  1908:  Le 
dedica  un  capftulo  a  la  elasticldad  de  las  rocas  y  de  la  Tierra,  y  otro  a  laa 
velocidades  sfsmicas.  Segdn  ^1,  la  concepci6n  ffslca  que  mds  responde  a  loa 
hechos,  serfa  la  de  Imaglnar  que  las  ondas  longitudinales  recorren  la  cuerda 
con  la  velocidad  constante  de  12.2  km./seg.  por  todo  el  ndcleo  Interne  que 
va  desde  el  centre  de  la  Tierra  hasta  los  9  d^imos  del  radio  terrestre.  Bn 
el  Involucre  extemo  la  velocidad  descenderla  cerca  de  la  superficle  de  12.2 
a  6  km./8eg. 

De  Mabtonnb. — Trait6  de  Geographic  Physique,  1909,  Paris:  No  dice  una 
aola  palabra  sobre  este  asunto. 

W.  H.  HoBBS. — Erdhehen,  etc  Traducci6n  de  Ruzka,  Leipzig,  1911:  Al 
indicar  que  la  velocidad  de  las  ondas  de  la  fase  principal  es  de  8.4  kni./aeg.; 
noa  deja  entrever  que  esta  es  la  mdxima  veloddad  posible  en  el  matertel  rocoae 
comdn. 
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H.  P.  RuDzxi.->1907,  1908,  1911,  Leiinig:  De  la  Teoria  do  la  iinq[»agacldii  de 
UuB  ondas  eldsticas  en  los  cuerpos  isdtropos  y  anis6tropos. 

Obeerva  que  la  velocidad  de  laa  ondas  sismlcas  superflclalea,  corresponden 

bastante  blen  a  las  velocldades  de  las  ondas  de  torsidn,  enoontradas  por  Hosa- 

kabe  en  sus  investigadones  sobre  mnestras  de  rocas  arcaiooM  y  paleozaioa$, 

1 
HAS  all&  de  la  profundldad  de  yj  del  radio  terrestre,  admlte  la  propagacl6n 

rectlllnea  d^  rayo  slsmico. 

9 
En  cnanto  a  la  yelocidad  cree  que  dentro  del  nddeo  oonstitnfdo  por  los  jg  del 

radio  terrestre,  la  velocidad  de  los  primeros  tr^mitos  preliminares  es  de  11.96 

knu/seg.  y  que  en  el  involncro  eztemo,  de  nn  espesor,  iraes,  de  ^  de  radio,  la 
▼doddad  es  de  6  knu/seg. 

PxoF.  W.  Thabent. — Lehrhuch  der  kdMtnischen  PhyHk,  Leipzig  y  Berlin,  1911 : 
Kn  dicha  revista  dedica  a  esta  cuestidn  algunas  p&ginas  de  su  dptimo  tratado. 
Bzpaestas  las  ideas  mAs  modemas  sobre  la  propagaci6n  de  las  ondas  sfsmicas 
longitadinales,  llega  a  la  condasi6n  de  que  las  velocidades  aumentan  rApida* 
mente  desde  la  snperfide  de  la  tierra  hacia  el  centre.  No  les  asi^a  un  valor 
eqpedal  a  las  veloddades  en  las  primeras  capas  superficiales,  pero  como  lo 
demuestra  el  grAfico  que  acompafia  al  texto,  se  comprende  que  ellas  tienen  que 
liaeerse  rApidamente  grandes,  bien  pronto  superiores  a  6  kmyseg.  Al  0.1  del 
radio  sn  valor  ya  sa*fa  de  11  kmyseg.  MAs  abajo  el  aumento  serfa  insignifi- 
cante,  de  mode  que  en  el  centre  de  la  Tierra  serfa  apenas  de  12.8  kmyseg. 

Obeerva'  el  autor  en  dicba  revista  que  desde  1900  hasta  1911,  los  valores 
atribufdos  a  las  veloddades  de  las  ondas  longitudinales  en  la  costra  terrestre, 
ban  ido  aumentando  continuamente  de  8  a  6  kmyseg.  y  que  hasta  esa  ditlma 
fedia  los  sismdlogos  estAn  de  acnerdo  en  aceptar,  por  ahora,  como  veloddad 
cte  las  ondas  longitudinales  la  cifra  de  6  km./seg.  y  en  admitir  que  dicha  veloci- 
dad aumenta  rApidamente  y  llega  hasta  cerca  de  12  km./seg.,  ya  a  una  pro- 
fundldad de  j0  del  radio  terrestre.    (N6tese  que  ello  oeurria  en  1911.) 

SI  protenr  H.  Haussmann,  una  ves  medida  la  veloddad  superfidal  de  los 
primeros  tr^mitos  preliminares  para  distancias  epicentrales  de  100  a  000  km. 
en  Dueve  direcciones  de  la  rosa  de  los  vientos,  encontr6  un  valor  medio  de  6.4 
kDL/seg.  con  los  valores  extremes  de  6.1  y  6.9  km./seg.  (Gomunicaddn  hecha 
a  la  Asodaddn  Intemadonal  de  Sismologfa,  de  Mandiester,  1911.) 

£1  doctiNT  Agamennone,  estudiando  algunos  temblores  ocurridos  en  India  y 
Oreda,  obtuvo  siempre  para  distandas  no  superiores  a  1,500  km.  una  veloddad 
con  reqyecto  a  los  primeros  tr^mitos  preliminares,  de  7.5  km./seg. 

Por  Altimo  y  para  tenninar,  el  mismo  autor,  estudiando  el  terremoto  de 
Avessano,  ocurrido  el  18  de  en^o  de  1915,  encontrd  que  hasta  una  distanda 
Q)l€«itral  de  cerca  de  1,500  km.  la  velocidad  de  propagad^n  de  los  primeros 
trtoiitos  prelimimares*  se  mantenfa  sensiblemente  constante,  con  un  valor 
medio  de  7.65  knL/seg.  aproximadamente. 

Vemos,  pues,  que  a  medida  que  avanzamos  de  1900  hada  1915,  los  valores  de 
la  veloddad  de  los  primeros  tr^mitos  preliminares,  dedudda  directamente  de 
las  reglstradones  sismogrAficas,  aumenta  continuamente. 

Todos  ccMnprenden  que  ello  es  debido  al  perfecdonamienlo  continue  que  se- 
introdujo  en  los  sism6grafos,  aumentando  su  sensibiiidad  cada  vez  mAs. 

Es  un  hecho  que  desde  hace  algunos  afios,  al  efectuarse  la  determinaddn  de 
las  distancias  epicentrales  no  superiores  a  1,500  o  1,800  km.  se  obtienen  siempre 
valores  comprendidos  entre  7  y  7.6  kmyseg.  como  valor  de  la  veloddad  constante 
de  los  primeros  trtoitos  preliminares. 

Tenemos,  finalmente,  los  resultados  que  se  obtienen  mediante  mis  Altimas 
reladones,  con  referenda  a  la  determinaddn  analftica  del  tiempo  empleado  por 
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lo8  prlmeros  tr^initos  prellnilnares  en  recorrer  la  distancia  epicentral,  en  funddo 
de  esa  mlsma  distancia.* 

He  obtenido  que  para  una  distancia  de  cerca  de  1,000  km.,  la  velocidad  de  loe 
prlmeros  trtoitos  preliminares  es  sensiblemente  constante  con  un  valor  de 
0.443  millares  de  km.  por  mlnnto,  o  sea  7,386  knu  por  segundo. 

Bs  necesario,  pues,  tener  por  clerto,  sin  temor  de  equivocarse,  que  hasta 
cierto  arco  de  circulo  mdximo,  la  velocidad  aporente  de  los  prlmeros  tr^mltos 
preliminares  es  sensibillsimamente  constante,  con  un  valor  que  oscila  alrededor 
do  7305  k.myseg. 

Volviendo  a  mi  segundo  involucre  pienso  que  evidentemente  deibe  estar  cons- 
titufdo  por  un  medio  no  rocoso,  pero  que  aumenta  continuamente  en  densldad 
J  elasticidad,  y  por  oonsiguiente,  en  rigides,  a  medida  que  aumenta  ea  pro- 
fundidad.  Estos  aumentos,  rApidos  al  iMrindpio,  lentos  luego  y  lentfsimos 
despu^  adquieren  una  forma  asinUftica  a  una  derta  profundidad.  En  otros 
t^rminoB :  desde  derta  profundidad  hada  el  centre,  la  elastiddad  y  la  densjidad 
permanecen  cast  constantes.  En  dicha  profundidad  se  inlda  el  nuevo  medio 
que  constituye  el  nddeo  central. 

No  es  mi  objeto  'en  este  trabajo  proseguir  las  investigaciones  acerca  de  los 
medios  que  respect! vamente  constltuyen  el  involucro  y  el  ntideo  central; 
b&stame  para  llenar  el  prop69ito  de  este  trabajo,  poder  aseverar  como  Idgica 
e  inmediata  consecuencla  de  continuas  y  cuidadosas  observaciones,  que  dichos 
medios  deben  ser  muy  densos,  muy  elfisticos,  muy  rlgldos ;  y  que  especlalmente 
el  niicleo  central  debe  estar  constitufdo  por  un  medio  no  solo  muy  pesado  sioo 
tambi^  homog^neo. 

Bil  m^todo  para  la  determlnadto  del  valor  de  la  profundidad  de  la  costra 
terrestre,  sq  apoya  en  el  valor  de  la  longitud  mAYima  del  arco  de  circulo 
mAzimo,  a  lo  largo  del  cual  la  velocidad  aparente  de  los  prlmeros  tr^mltos 
preliminares  permanece  sensiblemente  constante.  Se  comprendo  que  dicha 
longitud  m&zima  dd)e  ser  determinada  por  la  observadto  dlrecta.  Se  veri 
como  tal  longitud  m&zima  estA  llgada  a  la  profundidad  de  la  litosfera. 

Mediante  ese  m^todo  y  vall^ndonos  tan  solo  de  cantldades  acceslbles  para 
nosotros  y  directamente  medibles,  podremos  determinar  cantldades  que  nos  son 
inaccesibles. 

Ningdn  ramo  de  la  Geologfa  y  de  la  Geof teica  puede,  sine  basAndose  eo 
hipdtesis,  llegar  al  mismo  resultado,  mientras  que,  mediante  la  sismologfa  y  par- 
tlendo  de  cantldades  medidas  y  contraloreadas,  se  puede  resolver  el  problems. 

Aunque  solo  fuera  por  esto  y  por  baber  demostrado  que  la  Tierra  en  su 
conjunto  es  muy  eldstlca  y  rfgida  (transmitidndose  las  vibradones  produddas 
por  un  gran  terremoto  hasta  las  antlpodas,  o  sea  a  una  distancia  arcual  de 
20,000  km.  del  punto  sacudido)  la  sismologfa  debe  ocupar  con  Justa  rajs6n  uno 
de  los  prlmeros  puestos  de  la  Qeoflsica;  porque  es  la  dencia  mds  eficaz,  que 
algdn  dfa  nos  permitir&  descubrir  los  misterios  del  interior  de  nuestro  Globa 

T  dicho  esto,  entremos  de  Ueno  al  asunto. 

Desde  luego,  me  permito  hacer  notar  que  la  longitud  maxima  del  arco  de 
cfrculo  m&ximo,  a  lo  largo  del  cual  la  velocidad  aparente  de  los  prlmeros 
tr^mitos  preliminares  se  mantiene  sensiblemente  constante,  debe  depender  de 
la  profundidad  del  hipocentro. 

En  efecto:  (figura  1.')  supongamos  que  el  hipocentro  coinclda  con  el  ept- 
^centre,  o  sea  que  d  hipocentro  sea  completamente  superficial.  Sea  d  d  el 
^Bspesor  de  la  costra  terrestre. 

Segtin  cuanto  tengo  dicho,  los  prlmeros  tr^mltos  preliminares  conservardn 
evidentemente  en  su  movimiento  de  propagaci6n  una  veloddad  sensiblemente 
constante  solo  a  lo  largo  de  la  tangente  Ci  Nt;  y  de  las  cuerdas  d  Nn,  0%  Nu  etc.* 
sltuadas  sobre  dicha  tangente,  mientras  que  a  lo  largo  de  las  cuerdas  sltuadas 
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ddiajo  de  la  tangente  Ci  Nt  (las  cuales  interceptan  el  segundo  involticro,  como, 
por  ejemplo,  la  cnerda  C  L)  tendremos  un  movlmiento  acelerado. 

De  modo,  pues,  que  en  el  caso  de  un  hipocentro  superficial,  el  arco  mftxtmo 
de  cfrculo  m&zlmo  a  lo  largo  del  cual  la  velocldad  de  los  prlmeros  trtoltot 
preUmlnares  permanece  senslblemente  constaute,  serA  dado  por  el  aroo  Ct  ¥$> 

a 


Fig.  2 

Todos  los  movimlentos  y  todos  los  acddentes  geoldgicos  se  efectdan  en  la 
maaa  rooosa  de  la  Tierra,  o  sea  en  el  seno  de  la  costra  terrestre ;  j  de  ahl  que 
la  nriLxIma  profundldad  de  la  Utosfera,  representarft  tambi^n  la  m&xlma  pn^ 
fnndidad  poalble  en  que  puede  estnr  situndo  el  hipocentro. 
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Supongamos  entonces  (figura  2/)  que  el  hipocentro  esU  sltaado  en  d,  o  Bea 
a  eaa  mdxima  profundidad  (d  epicentro,  Ct  hipocentro,  Ct  d  profundidad 
hlpocentral,  en  nuestro  caso  tambl^n  profundidad  de  la  costra  terrestre). 

De  cuantp  he  dicho  (figura  2.*)  resulta  claro  que  las  velocidades  de  los 
prlmeroB  trtoltos  preliminares  ae  mantendr&n  sensiblemente  constantes  solo  a 
lo  largo  de  los  rayos  sfsmlcos  sltuados  Bobre  la  tangente  Ct  B,  como  C»  Bu 
Cm  Ba,  Ct  B»t  Ct  Ba  y  Ct  Ct;  mlentras  que  la  sensible  constanda  deJarA  de 
subslstlr  a  lo  largo  de  los  radios  Ct  Au  Ct  At,  Ct  iU.  etc^  situados  debajo  de  la 
tangente  Ct  B. 

Por  oonsiguiente,  ^a  el  caso  de  que  el  hipocentro  se  encuentre  a  la  w^4^^tv^ 
profundidad  poslble,  el  arco  m&xlmo  a  lo  largo  del  cual  la  veloddad  aparente 
de  propagacl6n  permanece  casl  constante,  serA  dado  por  el  arco  Ct  B  (figura  2.*). 

8e  ve,  pues,  que:  (figura  &')  aroo  Ct  }ft=2  arco  Ci  B,  to  que  qulere  dedr, 
entonces,  que,  al  aumentar  la  profundidad  del  hipocentro,  dlsmlnuye  la  lonsttnd 
del  arco  de  cfrculo  mdxlmo  a  lo  largo  del  cual  la  velocldad  aparente  de  loe 

« 


Pig.  3 
prlmeroa  tr^mltos  preliminares  se  mantlene  sensiblemente  constante,  de  manera 
que  pasando  el  hipocentro  de  la  superfide  a  la  profundidad  maxima,  la  longltud 
maxima  del  arco  de  circulo  mdxlmo,  a  lo  largo  del  cual  la  veloddad  aparente 
ie  mantlene  constante,  se  reduce  a  la  mltad. 

Mlllares  de  observadones  efectuadas  en  las  estadones  geodlnflmlcas  espar^ 
ddas  por  todo  el  mundo,  han  conducido  a  todos  los  9i9fn6logo9  a  la  slguiente 
condusl6n,  que  ya  no  admlte  duda  alguna : 

La  minima  entre  todas  las  longitudes  mAximas  de  tales  arcos,  oscUa  alrede- 
dor  de  los  1,000  km. 

En  nuestro  caso,  ser&  entonces:  (figura  8.*)  arco  Ci  B=1,000  km.  aprozl- 
madamente ;  y  entonces  tendrA  que  ser :  arco  Ci  yt=2,000  km.  aproxlmadamente. 

De  modo,  pues,  que  para  profundidades  hlpocentrales  comprendldas  entre  la 
superfide  y  la  profundidad  m&xlma,  tendrft  que  ser  evldentemente  1,000  <8< 
2,(X)0  km.  aproxlmadamente  (siendo  8  el  arco  mdxlmo  correspondlente). 
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Natnralmeote,  si  para  cada  terr^noto  imdiera  obtenerae  oon  predsi^n  el  arco 
mUzimo  del  cfrcolo  rnAximo  a  to  largo  del  cual  la  veloddad  de  Iob  prlmeros 
tr^fliltos  prellmiiiares  permanace  senslblemente  constante,  ae  podria  sin  m&s 
det^rmlnar  la  profundldad  hlpocentral.  Digo  oon  precision,  porque  slendo  las 
profnndldades  Mpoc^tricaM  muy  i>equefia8  relatiyamente  a  las  longitudes 
mAxlmaa  de  dichos  arcos,  nn  error,  asf  fuese  de  pocas  decenas  de  km.  en  la 
medida  de  la  longitnd  del  arco,  podrfa  determinar  nn  error  demaslado  grande 
en  el  dUcolo  de  la  profundldad  hlpocentral.  El  m^todo  serla,  pues,  6ptimo 
desde  ^  pnnto  de  Tlsta  te6rico,  como  concepto,  pero  no  serla  aceptable  desde  el 
pnnto  de  Tlsta  prftctlco. 

Die  lo  ezpnesto  podemos  abora  damos  cnenta  de  porqn^  los  sismOlogoe  afirman 
que  por  nnmeroeas  y  culdadosas  observaciones  directas  referentes  a  muchfsi- 
mos  temblores  de  tlerra  mundlales  tectOnicos  y  vnlcAnlcos,  Uegan  a  la  condn- 
sidn  de  que  las  longitudes  mAximas  de  los  arcos  de  cfrculo  mAximo  a  lo  largo 
de  los  cnales  los  prlmeros  temblores  preliminares  mantienen  una  velocidad 
casi  constante,  varfan  desde  los  1,000  hasta  los  1,500  hasta  los  1,800  km.,  segdn 
lofi  temblores  de  tlerra. 

Tal  como  lo  he  dicho,  las  longitudes  mAximas  de  dichos  arcos  estAn  continua- 
mente  llgadas  a  las  respectivas  profnndldades  hlpoototflcas. 

Queda  asf  expllcada  la  causa  por  la  cual,  medlante  culdadosas  y  numerosas 
observaciones  se  ban  obtenldo  como  longitudes  mdximas  de  los  arcos  de  cfrculo 
mAxImo  a  lo  largo  de  los  cuales  la  velocidad  se  mantenfa  senslblemente  cons- 
tante, el  valor  de  cerca  de  1,000  km.  para  algunos  temblores  de  tlerra  y  respec- 
tlvamente  de  1,500  y  hasta  de  1,800  para  otros.  Ello  quiere  decir  que  aun 
a^mitiendo  los  errores  de  observaci6n  no  demaslado  grandes  y  descartando  las 
mAs  salientes  contradicciones  horarias,  los  correspondientes  temblores  tenfan 
reqpectlvamente  hipocentros  cada  vez  menos  profundos. 

Tenemos  a  la  vista  un  bellfsimo  ejemplo  de  temblor  de  tlerra  poco  profundo. 
Me  refiero  al  terremoto  de  Slcilia  y  Calabria  del  28  de  diciembre  de  1908,  que, 
Gomo  se  sabe,  destruyd  a  Messina  y  algunos  otras  eiudades  italianas,  produ- 
dendo  mAs  de  cien  mil  vfctimas. 

El  hlpocentro  de  dicho  terremoto  fuA  calculado  por  el  doctor  Oddone,  y  por 
otros  sism61ogos  que  usaron  los  m^todos  mAs  modemos,  y  obtuvieron  valores 
aproximados  a  9  km.  Yo  tambi^n,  apllcando  el  concepto  de  gradlente  sfsmica, 
obtuve  un  valor  senslblemente  concordante  con  los  obtenidos  por  los  men- 
donados  sism61ogo8.  (Estos  cAlculos  fueron  publicados  en  la  "Revlsta  Astro- 
oAmica  de  Espafia  y  America,"  obteniendo  ml  m^todo  lisonjeras  aprobadones 
de  centros  si8mol6gicos  extranjeros  y  de  revistas  espedales  de  sismologfa.) 

Se  entiende  que  si  bien  la  profundldad  de  9  km.,  oonsiderada  en  sf,  es  con- 
siderable, resulta,  sin  embargo,  bastante  pequeOa  con  respecto  a  las  profnndl- 
dades mAximas  de  los  hipocentros,  calculados  medlante  los  m^todos  mAs  re- 
dentes,  respecto  de  profundfislmos  terremotos  tect6nico»,  de  modo  que  se  puede, 
con  poco  sensible  error,  considerar  el  hlpocentro  de  este  temblor  de  tlerra  como 
superficial,  y  apllcarle  los  criterlos  ballades  para  los  terremotos  superfldales, 
eomo  son  mAs  o  menos  todos  los  terremotos  volcAnicos.  (Por  ejemplo:  d 
desastroso  terremoto  de  Casamicdola,  isla  de  Ischia,  tenia  una  profundldad 
menor  de  1  km.)  Examinemos  d  od6grafo  dd  doctor  RIzseo,  director  del  Insti- 
tute de  Ffsica  Terrestre  de  la  Unlversidad  de  Messina,  oon  reqpecto  a  dicho 
ten^lor  dculo-calabrds  de  1908. 

'*  Sulla  propagazione  dai  movimenti  prodotti  dal  terremoto  di  Messina  dd 
28  diciembre  1908." 
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Se  ve  en  eate  cuadro  que  la  longitud  mdxima  del  arco  de  cfrculo  maxlino 
a  lo  largo  del  cual  la  v^ocidad  aparente  de  los  primeros  tr^mitos  prelimlnares 
se  mantiene  aensiblemente  constante,  se  aprozlma  a  los  2,000  km.,  annque  un 
poco  menor. 

Si  el  hipocentro,  en  vez  de  estar  a  0  km.  de  profundidad  fuera  absolutamente 
superficial,  la  longitud  de  dicho  arco  deberfa  ser  sensiblemente  igual  a  2,000  km. 
Muchas  veces  se  producen  discusiones  entre  los  sism61ogos,  al  Juzgar  rt 
un  temblor  de  tierra  es  tect^nico  o  vulc&nico.  Ahora  bien:  este  conc^to  de 
la  longitud  mdxima  del  arco  del  circulo  mdximo  a  lo  largo  del  cual  la  veloddad 
queda  sensiblemente  constante,  serft  siempre  una  buena  Gontribuci6n  para 
el  Juido  mlsmo. 
Volviendo  al  asunto,  del  tri&ngulo  00%  B  (figura  3.*)  tendremos: 

OCt=^OB  cos  BOOt 
o  sea: 

R—h^R  cos  BOOt 
y  hadendo  arco  Ci2}==  1,000  km.  o  sea:  &ngulo  B00s==0*,  tendremos: 

R—h^R  cos  9^ 
de  donde: 

;i=i2(l— cos  9*)  =6366(1— cos  9')  =78.39  km. 
{h,  profundidad  de  la  costra  terrestre  =  Ox  C»;  R  radio  de  la  tierra). 

Ouando  hablamos  de  superficie  terrestre  nos  referimos  siempre  a  la  super- 
fide  del  nivel  del  mar  en  estado  de  quietud.  De  donde,  para  obtener  la 
m&xima  profundidad  de  la  lltosfera,  se  tendrd  que  sumarle  el  valor  encontrado 
de  78.89  km.  en  ndmeros  redondos,  al  valor  de  10  km.  aproximadamente,  que 
corredponden  a  la  altura  de  las  mds  altas  montafias  y  restarle  aproximada- 
mente 10  km.  que  representan  la  m&xima  profundidad  de  los  mares. 
Podremos,  pues,  declr: 

MAxima  profundidad  de  la  costra  terrestre  88. 89  km. 

Minima  profundidad  de  la  costra  terrestre  68. 89  km. 

Profundidad   media   de  la  costra  terrestre  78. 89  km. 

Ya  he  dicho  que  el  valor  de  2,000  km.  que  es  el  m&ximo  absoluto  entre  todas 

las  longitudes  de  los  arcos  de  cfrculo  mftximo  a  lo  largo  de  los  cuales  la 
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velocidad  de  los  primeros  tr^mltos  prelimlnares  se  mantleDe  senslblemente 
oonstante,  es  ligeromente  excesivo:  es  un  caso  Ifmite,  o  lo  que  es  lo  mUuno: 
es  el  caso  de  un  hipocentro  absolutamente  superficial. 

Nunca,  hasta  ahora,  entre  todos  los  terremotos  estudiados,  aun  los  mfts 
superficiales,  se  ha  obtenido  como  mdximo  absoluto  de  dlcho  arco  un  valor 
superior  a  los  1,800  km. 
Gonsiderando  a  este  valor  como  m&ximo  absoluto,  tendremos  (figura  3*) : 

togulo  B0Ci=8*  6', 
luego: 

*=«(!— cos  8*  6')  =65  km. 
flproxlmadamente;  por  eso,  andlogamente  al  caso  anterior,  tendremos: 

M&xima  profundldad 75  km. 

Minima  profundldad 65  km. 

Media  profundldad 65  km. 

Estableciendo  el  promedio  de  los  valores  obtenidos,  puedo  reportar  definitiva- 
mente,  como  resultado  de  ml  investigacldn  slsmol^ca,  los  sigulentes  valores: 
Maxima  profundldad  de  la  costra  terrestre: 

884-75 


Minima  profundldad: 


2 
68+55 


-81.5  km. 


-61.5  km. 


Profundldad  media: 

78-h65    ^, -, 
— 2 — -•71.5  km. 

Mediante  ml  m^todo  sismico  he  obtenido,  pues,  como  promedio  de  profundldad 
de  la  costra  terrestre:  71.5  aprozimadamente ;  con  un  minimo  de  61.5  y  un 
mAximo  de  81.5. 

Restableciendo  el  promedio  de  los  valores  obtenido  al  respecto  por  Louka- 
sdiewitz,  obtengo: 

Profundldad  media: 

con  un  minimo  de  46  y  un  mAximo  de  84  km. 

Se  ve  que  mediante  la  sismologia  se  ban  obtenido  valores  sensiblemente  con- 
cordantes  a  los  valores  obtenidos  gec^5gicamente  por  el  sefior  LoukaschewltB. 

Si  alguien  apuntase  ahora  alguna  duda  acerca  de  las  hip^tesis  que  el 
gedlogo  ruso  ha  puesto  en  Juego  para  obtener  esos  resultados,  nadie  podrA 
poner  en  duda  las  bases  8ismol6gicas  bien  sdlidas  y  seguras  que  ban  servido 
de  fundamento  para  mis  determlnadones. 

Habiendo  obtenido  valores  casi  coinddentes,  o,  a  lo  menos  poco  desemejantes, 
quiere  dedr  que  las  hip6tesi8  formuladas  por  el  doctor  Loukaschewitz  no  estAn 
muy  lejos  de  la  verdad. 

Hemes  vlsto  que  despu^  de  la  litosfera,  sigue  un  involucre  de  un  espesor 
BM  (figura  4.'),  en  el  cual  la  densidad  d  y  la  elasticidad  m  aumentan  continua* 
mente,  de  una  manera  rApida  primero,  lenta  luego  y  lentisima  despu^  a 
medida  que  nos  acercamos  a  M.    Esto  quiere  decir  en  otras  palabras,  que  la 

reladOn  j  desde  U  hadu  If,  primero  aumenta  rApidamene,  luego  lentamente 
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y  en  las  cercanlas  de  M  lenttaiinaniente ;  o,  en  otroe  t6nninos:  la  relaeifo  ^ 

a  medida  que  se  acerca  a  M  tiende  a  resnltar  oonstante ;  o  sea  que  el  medio  del 
InyolQcro  del  espesor  BM  tiende  a  resnltar  homog^neo  a  medida  qne  no* 
aproxlmamoB  a  M. 

A 


Pero  sabemoB  qne  per : 

.  l^iS^lO.618  millares  de  km.  (2) 

]Fi=y01.2  iS'+O.ds  millares  de  km.  por  minuto 

y  para  8  >  10.618,  TFt=lJL65  millares  de  km.  por  minnto.     (£f  distanda  epi- 
central ;  Wi  veloddad  absolnta  aparente  de  los  primeros  tr^mitos  preliminares), 
Aplicando  estas  relaciones,  obtengo  el  signiente  cnadro : 


W,/ml. 
Uamde 
km.  por 
minnto. 

a,  miUwM  dtkm.  (dlitia.  oploentnl). 
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De  donde  resulta  que  las  Wt  aumentan  r&pidamente  primero  al  aumentar  la 
dteCanda  epicentral;  lentamente  luego  y  lentlaimamente  despu^;  tanto  qoe 
para  distandas  raperiores  a  10.018  km.  las  yaiiadones  de  veloddad  son  abso- 
Intaiiieiite  asintdtlcas,  de  modo  que  despn^  de  los  10.018  km.  eeas  Tariadoiies 
poeden  ser  oonslderadas  prActtcamente  oero,  lo  que  qtiiere  dedr,  que  despot 
da  la  dfstancla  epicentral  de  ia018  km.  la  Wx  p^rmanece  constante,  per  mM 
que  aumente  la  distanda  epicentral  mlsma. 

Bvldentemente  si  se  oonsldera  la  veloddad  absoluta  real,  6ita  deber&  com- 
portarse  andlogamente  a  la  Wi. 

Slendo  ahora  .el  arco : 

ii^«^10618  km. 

OlTs^OlS  km. 


y  por  conslgulente : 


(?JI,-0^i-.818  km.-(j^3j)* 


osea: 

G£ri=5*  5'  aproxlmadamente 
de  donde : 

MO=^R  sen  5*  5'=68e6  sen  5^  5' 

MO'^eiO  km.  (v^ase  flgura  4.*) 

Bs  dedr:  el  ndcleo  Interne  pesado,  tendria  un  radio  Jf  0=610  km.  mAs  o 
menos. 

Hemes  vlsto  que  el  medio  de  que  estA  formado  el  Involucro  BM  cerca  de  U, 
tlende  a  resultar  homog^neo;  y  pnesto  que  esta  tendencla  resnlta  mncho  mAs 
acentuada  despnte  de  M,  desde  M  bacia  O  (tanto  que  las  varlaclones  de  las 
veloddades  reales  en  el  ndcleo  pueden  considerarse  pr^lcamente  nulas),  de 
manera  que  podremos  asf  conslderar  el  nddeo  MO,  formado  por  un  medio  muy 
pesado  y  homog^nea 

Bvldentemente  el  espesor  BM  dd  Involucro  serft : 

Blf =6366-  (610+71)  =5685 

Quedan  asi  determlnadoe,  basados  en  becbos  blen  clertos,  los  espesores  de 
los  medlos  que  constltuyen  nuestro  Olobo ;  o  sea,  dd  exterior  hada  el  Interior : 

1.*  Por  un  Involucro  cuyo  espesor  es  de  cerca  de  71  km.  (costra  terrestre, 
litosfera)  fbrmado  por  un  medio  en  el  cual  la  densidad  y  la  elastiddad,  varfan 
muy  poco  con  la  variaci6n  del  espesor. 

2.*  Por  un  involucro  de  cerca  de  5,685  km.  de  espesor  constitufdo  por  un 
medio  en  el  cual  la  densidad  y  la  dastlcidad  aumentan  rApidamente  primero, 
lentamente  luego  y  lentfsimamente  despu^  tanto  que  d  medio  tlende  a  re- 
sultar homog^neo  al  aumentar  la  profundidad. 

8.*  Por  un  ndcleo  de  610  km.  de  radio  formado  por  un  medio  bomog^neo  y 
muy  pesado. 

Evldentemente  las  veloddades  aparentes  medlas  y  absolutas  de  los  primeros 
tr^mltos  prelimlnares,  medidas  sobre  el  arco  de  drculo  mAxfmo,  dependen  de 
las  verdaderas  veloddades;  o  sea  de  las  veloddades  reales,  equivalente  a 
Jedr :  de  las  vdocidades  medidas  sobre  las  cuerdas. 

Es  blen  derto  que  el  dlagrama  de  las  veloddades  absolutas  reales,  en  el 
Interior  de  la  Tierra,  si  las  condiciones  ffsicas  del  medio  variasen  con  con- 
tlnuldad  de  la  superflde  al  centre,  no  presentaria  ningdn  punto  brusco,  es 
dedr:  la  curva  serla  contlnua.    Mientras  que  si  tenemos  puotos  bruscos  en  d 
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diagrama,  ello  qaerr&  dedr  que  en  ese  alrededor  a  an  medio  de  elasticidad  y 
densidad  respectivamente  t^  y  d  le  sigae  Inmediatamente,  bruscamente,  ud 
medio  cuya  denaldad  y  elasticidad  ser&n  respectivamente:  ta  y  dt  tales  que 

ser&n  j  acentuadamente  mayor  que  -j* 

Vall^ndonos,  entonces,  de  las  velocidades  absolutas  aparentes,  podrenios  de> 
terminar  las  absolutas  reales ;  y  con  Mas  los  pantos  bniscos. 

Medlante  este  m^todo  se  puede  investlgar  sobre  las  dos  superficies  de  separa- 
ci6n  respectivamente  del  exterior  al  interior:  entre  el  primer  involucro  (lltos- 
fera)  y  el  segundo  Involucro ;  y  entre  el  segundo  Involucro  y  el  ndcleo  central. 

Se  comprende  a  priori  cudl  y  cudnta  importancia  puede  tener  para  el  ge61ogo 
(cuyas  investigaciones  muchas  veces  se  fundau  en  demasladas  hip6tesis,  m&s  o 
menos  verosf miles,  pero  siempre  hlp6te8is)  el  poder  tener  una  base  clerta,  para 
punto  de  partida  de  ulteriores  investigaciones,  como  lo  es  el  valor  obtenldo  por 
mi  para  la  profundidad  de  la  litoifera,  valor  16gicamente  y  directamente  de- 
ducido,  no  de  hip6tesis,  sino  de  datos  experimen tales  y  observaciones  directas, 
que  desde  hace  afios  se  vienen  efectuando  en  muchisimos  observatorios  slsmicos 
distribufdos  por  todo  el  Globo,  sobre  muchisimos  terremotos  mundiales. 

Apliquemos  los  valores  que  el  doctor  Oddone  obtuvo  en  el  gabinete  respecto 
u  las  velocidades  en  las  diversas  rocas  f undamentales : 

Para  granito  de  6^5  a  7  km./seg. ;  media :  6.G2  kmyseg. 

Para  sienitas  de  6.25  a  7  kmyseg. ;  media :  7.5  km./seg. 

Para  dioritas  de  6.25  a  7  km./seg. ;  media :  8  kmyseg. 

Para  p6rfid06  de  6.25  a  7  km./seg. ;  media :  8.8  kmyseg. 

Estas  son  las  velocidades  que  en  mis  trabajos  he  llamado  reales.  En  otros 
trabajos  mios  se  han  visto  las  relaciones  ^  y  *: 


WV-^TflCOB^ 


y  por  consecuencia: 


»ro-V0.12  5+0.081  . 

]Fr=V0.12  5+0,081  coe  | 

Ya  se  sabe  que  estas  relaciones  dan  resultados  muy  aproximados  que  nonca 
habfan  sido  obtenidos  hasta  ahora.  (fif  representa  la  distancia  epicentral 
en  millares  de  km.;  W<|  la  velocidad  absoluta  aparente  a  la  distaneia  8,  j 
IFf  la  correspondlente  velocidad  real,  a  ^  dngulo  al  centre  corret^ondlente 
al  arco  8.) 

En  las  dos  relaciones  las  W  estdn  expresadas  en  millares  de  kil6metros 
por  minuto. 

Haciendo  entonces: 

a    16**  12^ 

4=       4       =4    3 

deberd  reprodudrse  sensiblemente  el  valor  experlmeutal  de  Wf  obtenldo  por 
el  doctor  Oddone,  expresado  en  millares  de  kilometres  por  minuto. 
Tendremos  entonces: 

W^r=-V0.12. 1.8+0.081,  cob  4*»  3' ; 
fF,.-Vo;297  cos  4*»  3^-0.6426 

millares  de  kildmetros  por  minuto. 
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El  doctor  Oddone  obtavo  para  los  pdrfldos  8^  kmyseg.  quo  reducido  a 
mlUares  de  kil6metro8  por  minato  nos  dar&: 

ir,-:0.528. 

Los  dos  valores  de   Wf  correspondent  pues,  bastante  bien. 

Esta  coDcordancla  coraprueba  la  gran  aproxlmaci6n  de  los  resultados 
obtenldos  por  dicho  autor  en  el  gabinete,  por  una  parte,  y  los  muy  satls- 
fiictorlos  resultados  que  se  obtienen  con  mis  reladones,  por  otra;  ademds^ 
«vta  concordanda  demuestra  que  la  ecuaci6n : 


0.528=V0.12  5+0.081  cos  \ 


(en  la  cnal  0.528  es  el  valor  experimental  de  Oddone)  resulta  satlsfecha  con 
on  valor  de  8  senslblemente  Igual  a  1,800  km.,  y  por  conslgulente :  s^lG*. 

Luego,  el  valor  de  la  flecha  correspondlente,  que  representar&  la  profundldad 
de  los  pdrfldos,  se  aproximard  a  los  65  km.,  valor  senslblemente  concordant^ 
con  el  ya  obtenldo  como  profundldad  media  de  la  lltosfera.  Replto  que, 
ocnpando  los  p6rfidos  la  parte  m&s  profunda  de  la  costra  terrestre,  su  pro- 
fundldad representard  tambl^n  la  profundldad  media  de  la  mlsma  costra 
terrestre. 

Por  eso  el  dato  que  nos  propordona  el  profesor  Oddone,  nos  slrve  como 
de  nueva  prueba,  si  se  qulere  Indlrecta,  referente  a  la  6ptlma  atendlbllldad  de 
mi  razonamiento  con  respecto  a  los  casos  Ifmltes  en  los  cuales  he  sltuado  los 
hlpocentrot  y  sobre  los  valores  que  he  obtenldo  slsmol6gicamente  con  req;)ecto 
a  la  profundldad  de  la  costra  terrestre. 

De  los  resultados  obtenldos  por  el  doctor  Loukaschewltz  y  por  el  doctor 
Oddone,  que  ban  sldo  confirmados  por  el  estudlo  slsmol6glco  hecho  en  esta 
H emorla,  no  surge  nlnguna  duda  para  sostener  que  el  esp^sor  medio  de  la  costra 
terrestre  osdla  alrededor  de  los  70  km. 

Los  resultados  obtenldos  por  el  doctor  Loukaschewltz  por  sf  mlsmos,  aun 
siendo  aceptados,  habrfan  dejado  alguna  duda  sobre  su  atendlbllldad,  en  cuanto 
que  esos  resultados  se  basan  en  mudias  hlp6tesis  y  premlsas  y  he  aquf  que 
la  sismologfa  por  medio  del  slsm6grafo  medldor  de  las  veloddades  aparenteft 
de.las  ondas  sfsmlcas,  nos  dice  que  la  profundldad  determinada  geol^gica- 
mente  por  el  doctor  Loukaschewltz  estd  muy  cerca  de  la  verdad,  borrando 
de  tal  manera  la  llgera  duda  que  eventualmente  pudlera  haber  quedado  acerca 
de  la  atendlbllldad  del  valor  de  la  profundldad  calculada  por  el  gedlogo  ruso. 

Con  seguridad  entonces  debemos  rechazar  los  resultados  de  cualquler  in- 
vestlgad6n  que  nos  proporclonen  profundldades  hlpocentrales  acentuadamente 
superlores  a  cerca  de  los  70  km.,  quedando  asf  demostrado  cudn  errdneos  eran 
los  cdlculos  de  los  slsmiSlogos  que  le  asignaban  a  esa  profundldad  centenares 

The  Chaibman.  The  reading  of  the  above  papers  by  title,  printed 
as  presented,  concludes  the  labors  of  subsection  A  of  Section  II.  If 
there  is  no  further  business  we  will  now  stand  adjourned.* 

'Through  the  courtesy  of  the  writers  there  was  presented  at  this  session  of  sub- 
seetioo  A  of  Section  II  to  the  Second  Pan  American  Scientific  Congress  copies  of  the 
following  printed  books : 

Prlndpales  bases  geoffslcas  de  la  sismologfa  modema,  por  el  Dr.  Santiago  I.  Bar- 
berena.  Director  del  Obserratorio  Nadonal  de  Bl  Salvador.  San  Salvador,  Imprenta 
Nadonal,  1015. 

If etodologfa  parclal  de  ingenerfa  apllcada  a  la  geodesla  y  topografla,  por  el  Tte.  Coronet 
lag.  AdriAn  Boil  Moreno,  Bnenoe  Aires,  1916. 


SESSION  OF  SUBSECTION  B  OF  SECTION  U. 

Carkbqib  Ikstitutioii, 
Friday  afternoon^  December  Sl^  1916. 

Chairman^  Chablbs  F.  Marvin. 

The  meeting  was  called  to  order  at  S.80  o'clock  by  the  chairman. 

The  Chathman.  I  will  ask  for  the  presentation  of  the  first  papeti 
**  Monthly  storm  frequency  in  the  United  States,''  by  Prof.  C.  J. 
KuUmer,  of  Syracuse  University,  Sjrracuse,  N.  Y. 

MONTHLY  STORM  FREQUENCY  IN  THE  UNITED  STATES. 

BY  0.  J.  KULLMBR, 
ProfesMor  of  Oerman^  Byracme  cynkwtty. 

We  have  a  namber  of  careful  and  extensive  investigations  of  tlie  storms  of 
the  United  States*  bat  these  have  been  directed,  with  one  exception,  to  the 
study  of  individual  trades,  their  grouping  as  to  type,  point  of  origin,  etc.  The 
one  exception  mentioned  was  the  investigation  by  Dunwoody  of  tlie  distriXw- 
tion  of  storms  in  the  Northern  Hemisphere  for  the  10-year  international  pert^ 
from  1878  to  1887;  Dunwoody  counted  the  number  of  storms  whose  centers 
passed  ttirough  each  square  of  5"*  longitude  by  5**  latitude,  and  published  the 
results  in  a  map  for  each  month  and  a  year  map.  In  order  to  ascertaip 
whether  a  shift  in  the  storm  area  of  the  United  States  would  be  visible  in  a 
similar  investigation  for  a  later  period,  I  made  six  years  ago  a  like  series  of 
maps  for  the  United  States  for  the  10-year  period  1899-1908;  the  two 
periods  were  thus  separated  by  an  interval  of  21  years.  Tfie  comparisop. 
seemed  to  show  among  other  features  a  small  southerly  and  westerly  shift  of 
the  storm  area.  This  investigation  was  presented  before  the  Association  of 
American  Geographers  and  appeared  in  Huntington's  "Climatic  Factor,**  No. 
192  of  the  Publications  of  the  Carnegie  Institution. 

In  order  to  test  more  thoroughly  the  findings  of  this  first  study  and  more 
especially  to  determine  whether  or  not  there  is  a  latitude  shift  of  the  storm 
area  corresponding  to  the  latitude  shift  of  the  sun-spots  known  under  the  name 
of  "Spoerer*s  law  of  sun-spot  latitudes,"  I  decided  to  make  a  second,  more 
extensive  and  int^isive  study  of  the  complete  material  furnished  by  the 
monthly  charts  of  storm  tracks  in  the  Monthly  Weather  Review,  reaching  back 
to  1874 ;  no  other  nation  has  such  a  splendid  series  of  storm  track  publicationa 
The  main  difference  in  method  in  the  second  investigation  was  a  unit  area  6f 
6"*  in  longitude  by  2)'*  in  latitude,  making  a  unit  area  half  the  size  of  that 
used  in  Dunwoody*s  and  my  own  first  study.  The  results  of  the  second  investi- 
gation were: 

1.  A  complete  series  of  89  year  maps  firom  1874  to  1912,  showing  some  strik- 
ing departures  from  the  mean  year  map. 
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2.  A  year  map  showing  the  mean  of  the  last  SO  years,  and  charts  for  each 
year  showing  the  departures  from  this  mean  map. 

8.  Mean  year  maps  of  three  10-year  periods;  a  comparison  of  these  three 
maps  showed  more  conduslvely  the  southerly  and  westerly  shift  Indicated  in 
the  first  study. 

4.  The  most  Important  result  was  the  discovery  of  a  regular  latitude  shift 
of  the  storm  area,  In  a  manner  similar  to  Spoerer's  law  of  sun-spot  latitudes, 
through  a  comparison  of  three  years  at  solar  minimum  with  three  years  at 
solar  maximum.  The  latitude  shift  was  shown  conclusively  for  the  three  and 
a  half  solar  periods  now  available.  This  part  of  the  second  study  appeared  in 
Huntington's  Solar  Hypothesis  in  the  Bulletin  of  the  Geological  Society,  vol- 
ume 25,  pages  477  ff .   The  remainder  of  the  material  has  not  yet  been  published. 

The  present  third  study  is  based  on  the  original  material  collected  for  the 
second  investigation,  and  shows  the  distribution  of  storms  in  the  United  States 
by  months.  Instead  of  by  years.  The  distribution  of  storms  is  shown  in  80- 
year  maps  for  each  month  and  also  in  10-year  maps  for  each  of  the  three 
10-year  periods.  A  comparison  of  these  three  10-year  periods  will  show  to 
what  extent  the  distributional  features  are  permanent  and  to  what  extent 
deviations  from  the  mean  may  be  expected.* 

A  cursory  examination  of  these  10-year  maps  shows  little  of  the  banded 
eifect  familiar*  on  maps  showing  mean  storm  tracks.  The  lines  drawn  include 
areas  of  10,  20,  80  and  40  storms  per  square.  Almost  without  exception  we 
note  a  single  large  area  of  10  or  more  storms,  including  within  it  mostly  a 
single  area  of  20  or  more  storms,  and  this  in  turn  one  or  more  small  areas  of 
80  or  more.  Squares  with  40  storms  in  10  years  are  rare,  only  eight  such 
squares  occurring  on  the  86  maps  with  their  total  of  4,806  squares;  January 
is  the  only  month  which  in  each  of  the  three  periods  developed  squares  with 
40  storms ;  the  eight  cases  are  restricted  to  the  northern  Lake  Superior  square, 
the  northern  Lake  Huron  square,  and  the  square  north  of  Lake  Ontario. 

Table  1. 


storms  per  square. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Deo. 

Total. 

1883-18W 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

40+  18(»-1002 

2 

0 

0 

0 

0 

0 

0 

0 

1 

0 

2 

6 

1W8-W13 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1888-1802 

2 

5 

0 

0 

0 

0 

2 

4 

8 

2 

7 

86 

90-40 

1893-1902 

16 

3 

9 

3 

0 

3 

9 

7 

10 

8 

16 

98 

1900-1912 

3 

1 

2 

5 

2 

0 

1 

2 

2 

1 

6 

28 

[1888-1802 

25 

17 

24 

18 

20 

8 

19 

14 

11 

28 

14 

28 

216 

20-90 

1808-1902 

18 

27 

27 

17 

12 

21 

12 

20 

22 

19 

21 

21 

287 

1900-1912 

82 

24 

28 

24 

18 

10 

21 

16 

18 

17 

28 

26 

2S2 

[188S-1892..... 

49 

45 

56 

47 

48 

89 

28 

24 

24 

31 

87 

41 

461 

10-ao 

1893-1902..... 

47 

51 

44 

S3 

48 

20 

27 

22 

19 

32 

88 

88 

430 

1900-1912 

48 

55 

56 

42 

40 

44 

24 

-28 

86 

87 

34 

42 

407 

fl888-1802 

59 

69 

54 

71 

78 

89 

92 

94 

93 

80 

79 

65 

918 

O-lW189ft-1902 

53 

55 

56 

68 

76 

92 

88 

87 

84 

77 

67 

50 

867 

I1W8-IOI2 

52 

56 

48 

65 

67 

82 

90 

90 

85 

81 

76 

62 

864 

The  above  tabulation  reveals  some  Illuminating  facts  not  apparent  from  a 
general  examination.  It  shows  for  each  month  and  for  each  10-year  period  the 
number  of  squares  on  each  map  with  0-10, 10-20,  20-30,  and  40  or  more  storms. 
We  notice  first  considerable  variability  in  the  squares  with  high  frequency. 
The  middle  period  shows  6  squares  over  40  compared  with  one  each  in  the 
other  periods ;  and  of  squares  from  SO-40  the  middle  period  shows  93  compared 
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with  36  and  28.  This  increase  In  the  number  of  squares  of  high  frequency  in 
the  middle  period  is  one  of  the  most  strilcing  general  dliferences  between  the 
three  periods  and  is  very  apparent  in  a  general  examination  of  the  maps. 

Tablk  2. 


storms  per 
square. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dea 

40+ 

1 

7 

25 
48 
65 

1 

8(M0 

3 
23 
50 
60 

4 

M 
M 

3 
20 
47 
06 

1 
17 
46 
72 

1 
IS 

34 

88 

4 
17 

90 

4 

17 
26 
90 

7 
15 
26 
88 

4 

20 
33 
79 

6 
20 
36 

74 

If 

ao-30 

23 

10-ao 

40 

0-10 

62 

In  the  second  table  the  mean  of  the  first  table  is  shown.  Of  the  squares  with 
10-20  storms  the  maximum  of  58  falls  In  March,  the  figures  descending  in  se- 
quence to  a  minimum  of  25  in  July  and  August.  Note  next  the  squares  with  low 
frequency  0-10,  with  the  minimum  also  in  March  and  rising  in  sequence  with 
the  slight  exception  of  February  to  a  maximum  of  90  out  of  a  total  of  136 
squares,  also  in  July  and  August.  In  the  third  group  of  higher  frequency 
20-30  the  maximum  again  falls  in  March,  tlie  sequence  in  this  group  not  being 
so  regular.  The  month  of  March  is  thus  clearly  shown  to  be  the  stormiest 
month  of  the  year,  storms  being  most  evenly  distributed  over  the  largest  area. 
This  seems  to  agree  with  the  popular  conception  of  "stormy  March."  July  and 
August  are  seen  to  have  exactly  the  same  figures  of  distribution. 

Table  8. 


Storms  per  square. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Aver- 
ago. 

30-40 

86 
20 
2 
5 

33 
17 
8 
10 

100 
8 
0 
6 

67 
15 
10 
5 

100 
18 
4 

4 

100 
38 
20 
5 

75 
24 

8 

1 

50 
12 
8 
2 

43 
27 
23 
5 

75 
10 
6 
3 

33 
21 
6 

7 

40 
9 
5 
3 

67 

20-30 

18 

10-20 

10 

0-10 

6 

The  smallness  of  the  deviation  in  the  number  of  squares  of  low  frequency 
I  found  to  be  exceedingly  striking,  and  I  have  computed  in  Table  3  the  average 
departure  from  the  mean  in  percentages.  We  note  several  mouths  \vith  a 
deviation  of  1,  2,  and  3  per  cent,  the  average  for  the  lowest  gi'oup  being  only 
6  per  cent;  the  second  group  of  10-20  storms  shows  an  average  of  10  per 
cent,  the  next  18  per  cent,  and  the  group  of  30-40  storms  Is  very  \ariable 
with  a  percentage  of  67.  We  can  state  this  interesting  and,  I  think,  valuable 
fact  In  other  words,  as  follows:  The  general  storm  area,  as  shown  by  a  ot^ra- 
parison  of  three  10-year  periods,  is  remarkably  constant  in  its  size,  the  area 
including  10  or  more  storms  not  varying  more  than  an  average  of  5  per 
cent,  although  this  area  ranges  in  size  from  61  per  cent  of  the  entire  ninp 
in  March  to  only  34  per  cent  in  July  and  August  Furthermore,  increased 
storm  frequency  in  general  intensifies  centers  of  normal  high  8t<»rnilness. 

As  Table  1  shows,  and  as  is  clearly  apparent  from  an  examination  of  the 
maps,  the  most  recent  period  shows  a  more  even  distribution  of  stornM  tluu 
in  the  two  former  periods.  The  middle  period  contrasts  with  the  others  in 
intensity  of  storminess  on  the  main  track. 
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We  come  now  to  the  discussion  of  two  interesting  aspects  in  the  ilistribution 
of  storms:  (1)  the  increase  in  storminess  of  Western  Canada,  and  (2)  the 
increase  in  storminess  of  the  Southwestern  States.  These  features  came  out 
distinctly  in  the  year  maps  of  my  former  study,  and  the  present  investigation 
was  stimulated  largely  by  the  desire  to  study  them  more  in  detail.  If  the 
mcrease  shown  in  the  year  maps  is  distributed  evenly  throughout  the  year 
we  might  conclude  that  the  apparent  increase  is  merely  a  difference  in  the 
observational  material  or  its  treatment 

With  regard  first  to  Western  Canada  let  us  compare  the  second  period  with 
ciie  first  The  increase  is  noted  especially  in  the  months  of  January,  April, 
June,  on  to  December.  March,  however,  shows  no  increase,  and  May  even 
shows  a  decrease  in  storminess.  The  third,  most  recent  period,  we  shouUi 
expect  to  find  at  least  as  stormy  as  the  second,  if  it  were  merely  a  matter 
of  the  observations  and  their  treatment ;  but  in  the  third  period,  as  compared 
with  the  preceding  one,  we  find  a  general,  often  striking,  decrease  in  Western 
Canada  in  every  month  of  the  year  except  November,  which  shows  no  change. 
Compare  now  the  third  period  with  the  first  and  we  find  an  actual  decrease 
in  storm  frequency  in  May,  September,  and  October,  and  only  a  small  increuBC 
in  January,  March,  Aprils  June,  July,  and  August.  The  conclusion  thus  seems 
unavoidable  that  the  middle  period  shows  a  real  and  striking  change  in  the 
storm  frequency  of  Western  Canada. 

With  regard  to  the  increase  in  storminess  of  the  Southwestern  States  an  ex- 
amination of  the  maps  shows  that  the  increase  is  not  as  great  as  that  in 
Western  Canada,  that  it  varies  in  amount  in  different  months,  that  June, 
July,  August,  and  December  show  little  or  no  increase,  and,  most  important  of 
all,  that  the  increase  is  in  general  progressive,  being  greatest  in  the  third 
period.  Again,  it  seems  justifiable  to  conclude  that  the  variability  in  storminess 
noted  is  a  reality.  Of  course,  these  conclusions  justify  no  prophecy  as  to  the 
future  of  the  features  noted.  It  will,  howev^,  be  interesting  in  1922  to  see 
what  has  been  happening  in  our  own  decade  in  western  Canada  and  in  the 
Southwestern  States. 

Finally,  the  general  southerly  shift  of  the  storm  area,  which  is  shown  in  my 
first  study  by  a  comparison  with  Dunwoody  and  more  strikingly  in  my  former 
study  by  a  comparison  of  the  three  year-maps  of  the  10-year  periods,  remains 
to  be  considered.  Since  storm  frequency  gradually  decreases  toward  the  south, 
there  being  no  sharp  lines  for  comparison,  it  is  evident  that  the  most  conclusive 
evidence  Is  to  be  sought  along  the  northern  boundary  of  the  storm  area,  where 
the  frequency  drops  off  toward  the  north  in  a  short  distance  from  probably 
the  highest  in  the  world  to  almost  zero.  Although  an  increase  in  the  south  is 
shown  on  the  maps  I  shall  restrict  myself,  for  this  reason,  to  a  discussion  of 
the  northern  boundary  of  the  storm  area — i.  e.,  above  latitude  42i**  and  east  of 
longitude  95*. 
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I  have  tabulated  in  Table  4  the  figures  for  the  squares  along  the  main  track. 
The  figures  of  the  rapid  decrease  in  storms  toward  the  north  are  interesting 
enough  in  themselves ;  one  is  compelled  to  wonder  whether  our  theories  on  the 
location  of  storm  tracks  are  sufficient  to  explain  this  wonderful  phenomenon. 
The  table  presents  all  the  squares  from  longitude  95*"  to  60**  and  above  latitude 
421**;  the  figures  for  the  three  periods  are  placed  side  by  side  allowing  easy 
comparison.  The  month  of  September  shows  strikingly  this  abrupt  boundary, 
In  one  case  0,  16,  40.  The  figures  are,  however,  everywhere  astonishing.  The 
month  of  September  also  shows  in  the  most  marked  degree  the  southerly  shift 
At  the  right  of  the  table  I  have  put  together  a  comparison  of  the  third  period 
with  the  first  period.  The  uniformity  of  the  decrease  leaves  no  room  for  doubt  that 
a  definite  and  considerable  southern  shift  has  taken  place ;  if  we  add  together 
the  figures  of  decrease  for  the  three  squares  the  phenomenon  is  still  more  strik- 
ing. In  the  cases  where  a  plus  figure  appears,  as  in  December,  +6,  an  ex- 
amination will  often  show  a  correspondingly  large  decrease  in  the  square 
located  above  it  ^e  have  already  noted  that  the  middle  period  is  character- 
ised by  intensified  storminess  on  the  main  track  and  we  should  expect  the 
figures  to  be  higher  in  the  row  of  squares  above  42)*  latitude ;  in  quite  a  num- 
ber of  cases  this  will  be  seen  to  be  the  case.  But  even  for  the  middle  period 
a  decrease  in  regular  sequence  in  about  half  the  squares  is  found  in  the  row 
above  42)*,  while  in  the  row  above  45*"  a  decrease  even  in  the  second  period  is 
the  rule.  It  is  interesting  to  note  that  the  southern  shift  is  not  uniform  in 
extent  in  all  the  months;  September,  November,  and  December  showing  the 
largest  southerly  shift,  but  the  included  October  shows  the  least  change  of  any 
month. 

In  conclusion,  I  do  not  know  how  else  to  interpret  the  evidence  of  this 
northern  boundary  than  to  assume  that  in  the  30  years  from  1888  to  1912  the 
storm  area  has  experienced  a  progressive  shift  southward ;  an  examination  of 
the  southern  boundary  of  the  storm  area  will  give  further  support  to  the  as- 
sumption that  the  whole  storm  area  has  been  involved  in  this  movement  The 
question  arises,  Is  there  any  possible  explanation  for  this  change?  What 
forces  are  at  work  that  are  competent  to  have  effected  such  a  general  move- 
ment of  the  storm  area?  That  solar  energy  \s  capable  of  exerting  a  marked 
Influence  on  the  location  of  storm  tracks,  is  demonstrated  conclusively  by  the 
latitude  shift  of  storm  tracks  within  the  11-year  solar  period.  To  explain 
such  a  general  progressive  shifting  of  the  whole  area  as  is  shown  by  these 
three  10-year  periods,  which  include  years  of  solar  maximum  and  minimum,  to 
explain  such  a  shift  I  can  only  point  to  the  conclusion  of  Dr.  L.  A.  Bauer  that 
the  magnetic  field  in  the  United  States,  itself  in  greatest  part  probably,  an 
expression  of  solar  en^gy,  has  shown  a  similar  southerly  shift  in  this  period. 
It  was  this  working  hypothesis  that  the  magnetic  field  may  possibly  exert  a 
force  detarmining  to  some  extent  the  location  of  storm  tracks  that  led  me  to 
undertake  these  studies.  I  leave  it  to  those  more  competent  than  myself  to 
discuss  the  acc^tability  of  this  theory.  A  false  hypothesis  is  at  least  useful  if 
it  leads  us  to  new  truth. 
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The  Chairman.  This  interesting  paper  is  now  open  for  discus- 
sion. 

Mr.  Henry.  I  consider  this  paper  by  Prof.  Kullmer  a  very  impor- 
tant one — so  important  that  I  think  it  needs  further  study  and  inves- 
tigation on  slightly  different  lines  than' have  been  pursued  by  the 
author.  I  wish  to  call  attention  to  two  points  in  particular.  First, 
that  the  period  covered  by  these  records  is  not  homogeneous  with 
regard  to  the  distribution  of  weather  stations  In  the  beginning  the 
Southwest  had  fewer  stations  than  now.  That  would  naturally 
result  in  the  showing  of  fewer  storm  tracks  in  the  early  period.  Sec- 
ond, the  method  of  representing  the  paths  of  cyclonic  areas  across 
the  United  States  does  not  admit  of  showing  the  actual  extent  of 
them  in  latitude. 

Then  there  is  still  another  smaller  change.  In  early  years  the 
isobars  were  drawn  for  the  tenths  of  an  inch  difference  in  pressure. 
In  recent  years  a  change  was  made  which  permits  the  forecaster  to 
draw  an  isobar  at  the  center  of  a  disturbed  region  for  a  pressure  dif- 
ference of  five-hundredths  of  an  inch  instead  of  a  tenth  of  an  inch, 
as  formerly.  The  result  of  this  change  would  be  to  show  an  appar- 
ent increase  in  the  number  of  charted  storms.  In  general,  we  may  say 
that  there  are  several  pitfalls  to  be  avoided  in  drawing  conclusions 
from  the  published  storm  tracks,  but  imf ortunately  we  have  not  time 
to  discuss  the  matter  fully  this  afternoon. 

Mr.  Arctowski.  I  had  the  pleasure  last  year  of  listening  to  a  com- 
munication on  the  same  subject  by  Prof.  Kullmer,  and  it  interested 
me  immensely.  I  have  again  the  pleasure  of  listening  to  the  progress 
of  the  year,  and  it  shows  an  enormous  amount  of  work.  I  hope  that 
next  year  we  will  have  some  more  in  the  same  direction  by  Prof. 
Kullmer. 

If  I  may,  I  want  now  to  make  a  suggestion.  I  think  it  would  be 
useful  to  consider  statistically,  by  the  same  method,  different  types  of 
storms  separately.  Of  course,  this  is  a  study  which  would  not  involve 
very  much  labor,  and  I  suppose  Prof.  Kullmer  intends  to  do  it.  Then 
I  should  like  to  express  some  doubts  about  the  figures  concerning 
Canada.  I  suppose  if  we  had  a  map  including  the  entire  area  of 
Canada  it  would  make  a  great  difference  in  the  number  of  lows  cross- 
ing the  Dominion.  One  map  published  six  or  seven  years  ago  in  the 
Monthly  Weather  Review  shows  the  lows  crossing  farther  up 
and  gives  a  better  idea  of  the  distribution  of  lows  than  the  usual 
monthly  maps  for  the  United  States.  Therefore,  perhaps,  it  is 
useless  to  speak  of  the  northern  boundary  of  the  area  of  greatest  fre- 
quency of  lows,  because  the  information  that  is  given  to  us  by  the 
maps  of  the  Weather  Bureau  is  not  sufficient  for  determining  that. 

Mr.  Huntington.  Mr.  Chairman,  it  seems  to  me  that  this  paper 
is  particularly  interesting  as  an  illustration  of  the  way  in  which  the 
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science  of  meteorology  grows.  With  larger  and  larger  groups,  we 
are  coming  now  to  a  point  where  we  are  making  the  cyclonic  storm 
perhaps  the  chief  meteorological  unit.  This  paper  is  particularly  sig- 
nificant because  it  represents  a  pioneer  attempt  on  a  large  scale  to 
show  exactly  what  the  storms  are  doing  from  year  to  year  and 
month  to  month.  We  are  always  interested  in  the  beginnings  of 
things.  It  possesses  also  another  merit.  It  is  a  very  discussable 
paper.  There  are  things  in  it  to  criticise,  and  a  great  deal  in  it  to 
praise.  It  seems  to  me  it  is  essential  to  all  of  us  as  workers  in 
meteorology  that  these  maps  should  be  published.  I  know  in  my 
own  work,  since  Prof.  KuUmer  has  shown  me  what  he  is  doing  in 
the  last  three  or  four  years,  his  results  have  been  a  great  inspiration, 
but  I  have  been  hampered  because  we  did  not  have  the  complete  data. 
Also  I  think  there  are  ways  in  which  his  material  could  be  improved. 
For  instance,  he  shows  in  the  maps  which  he  kindly  allowed  me  to 
publish  in  a  paper  in  the  bulletin  of  the  Geological  Society  that  there 
is  a  pi»onounced  tendency  for  the  same  phenomena  to  recur  in  each 
solar  cycle.  This  raises  the  question  whether  we  have  not  a  real 
solar  control  of  the  intensity  of  storms.  In  making  his  periods  10 
years,  it  seems  to  me  he  has  made  a  mistake.  I  have  told  him  before 
that  it  was  a  mistake  to  take  10  years  instead  of  11.  I  hope  the  maps 
can  be  published,  but  I  hope  they  can  be  remodeled  on  the  11-year 
basis,  because  if  there  is  anything  in  the  sun-spot  cycle,  the  maps 
should  be  published  in  such  a  way  as  to  test  the  matter. 

The  Chairman.  I  feel  obliged  to  limit  the  discussion  of  this 
paper.  We  shall  now  listen  to  the  paper  of  Prof.  Robert  De  C.  Ward, 
of  Harvard  University,  on  "The  thunderstorms  of  the  United 
States  as  climatic  phenomena." 


THE  THUNDERSTORMS  OF  THE  UNITED  STATES  AS  CLIMATIC 

PHENOMENA. 

BY  ROBERT  DB  C.  WARD, 
Professor  of  Climatology,  Harvard  University, 

As  essential  characteristics  of  our  American  climates,  thunderstorms  have 
for  us  a  brood  human  interest.  From  the  viewpoint  of  climatology,  the  dis- 
tribution of  our  thunderstorms  is  of  more  interest  than  their  mechanism.  The 
part  played  by  their  rains  in  watering  our  crops  is  of  greater  importance  than 
the  size  of  their  raindrops.  The  damage  done  by  their  lightning  and  hail  con- 
cerns us  more  than  the  cause  of  the  lightning  flash,  or  than  the  origin  of  the 
hailstones. 

WEATHEB  CHANGES  DUBINQ  A  TYPICAL  SUMMEB  THUNDEBSTOBM. 

As  individual  observers  we  have  little  conception  of  the  extent  and  general 
character  of  a  thunderstorm.  We  can  neither  see  through  the  clouds  up  to  its 
top,  nor  to  any  distance  across  its  falling  rain.  Of  its  height  and  of  its  ex- 
tent we  can  thus  have  little  information.    Yet  all  of  us  observe  thunderstorms. 
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umially  with  considerable  core,  becattse  they  are  iihenprnena  which  attract  < 
attention.  They  are  always  impressive,  often  violent,  and  occasionally  don* 
gerous.  Tlie  self-recording  instruments  at  Blue  Hill  Observatory,  Readville^ 
Mass.,  have  kept  for  us  an  accurate  account  of  the  changes  in  temperature^ 
humidity,  and  pressure,  and  of  the  amount  of  rainfall,  during  the  passage  of 
0  typical  thunderstorm.  Aug.  12,  188a     (1) 

These  curves,  fig.  1,  illustrate  weather  conditions  and  changes  which  are  per- 
fectly familiar,  but  the  physiological  and  economic  relations  of  which  we  perhaiNi 
do  not  fully  appreciate.  A  thunderstorm  day  is  usually  close,  muggy,  and  op- 
pressive, with  temperatures  of  SO"",  85*,  00*,  or  even  higher.  Reports  of  sun* 
strokes  and  of  prostrations  by  the  heat  come  from  our  congested  cities,  for  tliUD- 
derstorm  weather  is  good  sunstroke  weather.    The  advancing  clouds,  coming 
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Fio.  1.— Meteorological  reoords  obtained  during  the  passage  of  a  sommer  thunder^ 
storm  at  Blue  Hill  Observatory,  Mass. 

between  us  and  the  sun,  serve  as  a  shield,  and  the  temperature  begins  to 
fall,  but  not  enough,  at  first,  to  bring  any  decided  relief.  For  a  few  minutes, 
perhaps,  the  wind  shifts  and  blows  toward  the  approaching  storm,  a  fact  which 
has  given  rise  to  the  proverb,  "a  thunderstorm  comes  up  against  the  wind.*" 
Then,  suddenly,  a  short,  sharp  squall  rushes  out  Just  in  front  of  the  down- 
pouring  rain.  Advancing  with  a  rolling  motion  at  its  forward  edge,  tills 
thuudersquall  raises  clouds  of  dust  from  dry  country  roads  and  from  city 
streets.  It  quickly  makes  "white  caps**  on  lakes,  ponds,  or  rivers.  Its  coming 
is  a  warning  that  the  rain  is  close  at  hand.  The  pressure  suddenly  rises  as 
the  squall  passes  over  the  barometer,  and  causes  the  characteristic  thunder- 
storm "nose**  on  the  pressure  curve.  Of  this  change  in  pressure  we  are  wholly 
unconscious,  but  it  has  much  interest  to  those  who  are  concerned  witli  tlie 
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mechanics  of  thnnderstomia.  For  a  fow  miniitefli  only  does  the  squall  blow, 
but  it  brings  a  raplilly  foiling  temperature— a  most  welcome  relief  after  the 
qn>re8sive  lieat  of  the  preceding  hours.  Down  goes  the  mercury,  G*,  10*,  15*, 
even  20*,  in  a  short  time,  under  the  combined 
influence  of  the  cold  rain,  the  shade,  and  the 
active  evaporation.  And  down  falls  the  rain, 
first  in  a  few  large  drops;  then  in  the  char- 
acteristic thunderstorm  downpour,  clearing 
the  hazy  air,  refreshing  the  hot  and  dusty 
earth,  and  relieving  our  nervous  tension.  A 
half-inch,  an  inch,  perhaps  even  more,  fiills 
in  half  an  hour  or  so.  If  the  sun  has  not 
set,  a  rainbow  may  be  seen  on  the  rear  of 
the  disappearing  storm — ^"a  rainbow  at 
night**  which  is  "the  saUor*s  delight,**  for 
the  storm  has  passed  by.  Cool  and  refreshed,  we  hear  the  rumbling  of  the 
thunder  becoming  fainter  and  fainter  in  the  distance,  and  look  forward  to  a 
peaceful  and  comfortable  night*s  rest 


Fw.  S.— Thnndcrttorina  in  Iowa,  Inly  tl. 
ISn  (Hlnrtcbs). 
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The  thunderstorms  of  the  eastern  United  States  are  characteristic  Ameri- 
can phenomena.  In  size,  intensity,  and  frequency  of  occurrence  they  are  unique. 
No  other  country  in  our  latitudes  can  approach  us  in  this  respect    Hundreds 

of  observers,  carefully 
noting  the  tlQies  of  occur- 
rence of  various  critical 
phenomena,  have  fur- 
nished the  data  which 
have  made  it  possible  to 
trace  the  life-history  of 
many  of  our  thunder- 
storms. We  have  been 
able  to  plot  their  position 
at  successive  half-hour, 
hour,  or  longer  inter- 
vals. Thus,  and  not  by 
individual  observations  at 
a  single  station,  can  we 
gain  an  understanding  of 
the  real  nature  of  these 
phenomena. 

The  best  way  to  become 
familiar  with  the  larger 
facts  concerning  our  thun- 
derstorms and  their  move- 
ments is  to  examine  the 
accompanying  charts  (fi^ 
2-8).  These  tell  their 
own  story.  The  num- 
bered lines  show  the  suc- 
cessive positions  of  the  storm  ft*ont  at  different  hours.  Figure  2  shows  the  first 
thunderstorm  ever  charted  for  the  United  States  (2).  This  storm  occurred  July 
81,  1877,  and  moved  across  Iowa  between  6  a.  m.  and  6  p.  m.,  the  storm  front 
becoming  wider  as  it  advanced. 


FiQ.  3.— Thtmderstormfl  of  Hay  18  and  10, 188ft  (Haico). 
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In  figure  3  we  haye  the  map  of  a  thunderstorm  system  of  great  extent, 
observed  May  18-19, 1884,  and  studied  by  the  late  Prof.  H.  A.  Hazen  (3).  The 
full  curving  lines  show  the  storm  front  at  successive  4-hour  intervals  May  18 ; 
the  broken  lines  refer  to  May  19.    It  will  be  noticed  that  the  district  of  storm 

activity  moved  to  the  east- 
ward between  May  18  and 
39,  and  that  at  4  p.  m.,  May 
19,  the  storm  front  ex- 
tended from  northern  Now 
York  to  Alabama. 

Figure  4  is  a  thunder- 
storm, distinguished  by  a 
marked  squall  wind,  charted 
by  H.  H.  Clayton  (4),  July 
5,  1884.  It  began  In  north- 
eastern Missouri  about 
noon  and  moved  southeast- 
ward, with  a  convex  front, 
at  the  rate  of  somewhat 
over  50  miles  an  hour,  dying 
out  not  far  from  the  At- 
lantic coast  about  midnight. 
Figure  5  illustrates  a 
New  England  thunderstorm, 
July  21,  1885,  charted  by 
Prof.  W.  M.  Davis  (5). 
This  came  "  ready-made  •' 
from  the  West.  Thi*ee  sep- 
arate and  distinct  storms, 
of  small  extent,  which  oc- 
curred partly  simultane- 
ously in  New  England  on  June  20,  1886,  are  shown  in  figure  6,  and  one  New 
England  storm  of  July  29, 1880,  is  shown  in  figure  7.  These  storms  were  charted 
by  Prof.  R.  De  C.  Ward  (1). 

The  thunderstorms  of  June  7,  1892,  are  the  last  which  have  been  charted  for 
the  United  States  (fig.  8).     (0)    On  that  day  a  belt  of  thunderstorm  activity. 
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FiQ.  4.— Thimderstofin  of  July  5, 1894  (Clayton). 


"P: 


HEW  YORK  / 

/ 


10  AN 


MASSACHUSETTS 


CONNECTICUT 


Fia.  5.— Tbunderstorm  of  July  21, 1885,  in  New  England  (Davis). 

which  had  been  noted  in  Wisconsin  and  Illinois  the  day  before,  moved  east 
across  eastern  Indiana,  Michigan,  and  Ohio. 
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Our  larger  thunderstorms  (figs.  2  to  8)  occur  within  certain  weilKleJine*! 
areas  or  zones.  These  zones  of  thunderstorm  activity  move  eastward  across 
country.  Thus,  on  successive  days  States  farther  and  fartlicr  to  the  oast 
have  their  thunderstorms  under  conditions  similar  to  those  which  previously 


FiQ.  6.— ThuDdcrstorms  o£  June  36, 1886,  in  New  England  (Ward), 

prevailed  to  the  west  Borne  along  by  the  upper  currents  at  the  levels  of  the 
tliunderciouds,  our  thunderstorms  themselves  also  move  eastward,  spreading 
out  as  tliey  go.  The  area  which  a  single  storm  covers  is  tiierefore  usually 
roughly  fan-shaped,  the  handle  of  the  fan  being  toward  tlie  west    With  the 
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Fio.  7.— Thunderstorm  of  July  20, 1886,  in  New  England  (Ward). 

speed  of  a  moderately  fast  train  (80  to  40  miles  an  hour)  they  travel  on  thetr 
way.  Sometimes  they  rush  aheod  as  fast  as  an  express  train  (50  or  more 
miles  an  hour).  Sometimes  they  move  no  faster  than  a  horse  can  trot  or 
occasionally  even  come  to  a  deod  stop  for  a  short  time.    Knowing  the  rate  of 
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proerenlon  ond  the  duration  of  the  rain  at  any  place.  It  Is  a  simple  matter  to 
determine  the  width  of  the  area  over  which  rain  is  falling  at  one  time.  If  tbe 
storm  moves  at  40  miles  an  hour  and  the  rain  lasts  half  an  hour,  the  width 
of  tlie  rain  helt  is  about  20  miles.  Its  length  corresponds  to  the  length  of  the 
storm  front  Tills  area  Is  generally  roughly  lens-ehapedt  oonves  to  the  eo8t» 
concave  to  the  west 

Our  thunderstorms  are  not  all  alike.  There  are  some  which  are  almost 
tornadic  in  tlieir  violence,  last  for  hours,  and  cross  several  States,  covering  a 
distance  as  great  as  that  from  the  Mississippi  Valley  to  the  Atlantic  There 
are  some  so  small  and  so  mild  that  they  are  limited  to  a  county  or  two  In  a 
single  State,  and  bring  but  a  few  peals  of  thunder  in  a  gentle  shower  of  rain. 


WEST 
VIRGINIA 


DISTBIDUTIOR  OF  OUB  THimDEBSTOBlIS  IN  FLACK. 

Figure  9  shows  the  essential  facts  concerning  the  distribution  of  our  thunder^ 
storms  (?)•  The  numbers  are  the  total  thunderstorms  recorded  during  the  10 
years  1001-1013,  inclusive.  The  yearly  average  may  be  obtained  by  dividing 
these  numbers  by  10.    The  data  must  not  be  taken  too  literally.    Ck)nsiderable 

diversity  among  observers  as  to  what 
constitutes  a  thunderstorm  day  is  In- 
evitable. No  part  of  the  country  Is  en- 
tlrely  free  from  thunderstorms.  The 
centers  of  greatest  activity  are  In  Flor- 
ida and  northern  New  Mexico.  It  Is 
noticeable  tlmt  these  two  regions  differ 
markedly  from  one  another  in  altitude 
as  well  as  in  climate.  In  both  cases 
the  thunderstorms  are  chiefly  local  phe^ 
nomena.  Topography  is  seen  to  have 
an  important  control  over  the  occur- 
rence of  thunderstorms.  The  north- 
ern tier  of  States  has  distinctly  fewer 
thunderstorms  than  the  southern.  It 
is  over  the  Immense  orea  east  of  the 
Rocky  Mountains  tliat  our  great  State- 
wide thunderstorms  occur,  whose  char- 
acteristics have  been  described.  Throughout  this  area,  also,  on  hot  summer 
afternoons  hundreds  of  scattering  sporadic  thunderstorms  spring  up,  of  local 
importance  because  supplying  rain,  but  not  combined  into  any  general  sys- 
tem  or  group.  These  local  storms  are  more  frequent  In  southern  sections,  espe- 
dally  in  our  Gulf  States,  and  during  the  warmer  months  may  occur  in  spells 
day  after  day  with  almost  tropical  regularity. 

It  is  a  characteristic  of  arid  and  semlarid  regions  that  thunderstorm  rains 
do  not  reach  the  ground,  but  evaporate  on  the  way  from  cloud  to  earth.  With 
exasperating  frequency  the  farmers  of  our  Great  Plains  watch  the  building  up 
of  immense  thunderstorm  clouds  on  hot  summer  afternoons;  see  the  gradual 
preparation  for  the  production  of  a  heavy  and  much-needed  rain,  only  to  be 
disappointed  by  the  failure  of  the  shower  to  survive  until  It  falls  to  the  surface. 
Similarly,  many  thunderstorms  form  over  the  higher  mountains  of  our  western 
plateau  States  and  drift  off  over  the  lowlands  to  the  east  Their  rain  com- 
pletely  evaporates  before  it  can  reach  the  parched  and  dusty  ground,  or  per- 
haps they  give  only  a  disappointing  sprinkle  instead  of  the  heavy  shower 
which  has  been  seen  falling  on  the  distant  mountain  slopes,  and  which  tem- 
porarily replenished  the  mountain  streani& 


Fio.  8.— Thunderstorm  of  June  7,  1803  (U.  8, 
Weather  Bureau).  * 
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The  thtmderatonns  of  the  mountaina  and  plateaus  of  the  west  (plateau 
province)  are  chiefly  local,  short-lived,  and  sporadic.  They  find  their  oppor- 
tunity In  the  warm  air  ascending  the  mountain  sides,  or  rising  from  the  hroad 
plateaus.  They  supply  much  of  the  heovier  rainfall  of  the  higher  elevations 
commonly  known  as  **  islands  **  of  rainfall,  although  much  more  appropriately 
termed  **  lakes.**  Most  of  them  are  horn  and  die  unnoticed  and  unrecorded  on 
ftir-away  unlnhahlted  slopes,  or  In  deep  rocky  canyons  remote  from  human 
settlements.    Occasionally  there  comes  a  sudden  torrential  downpour  over  a 


limited  area  of  orld  mountain  country — a  "cloud-burst,**  so-called— which  In 
a  few  minutes  changes  dry  river  beds  in  deep  canyons  into  raging  torrents; 
tearing  do>Mi  with  irresistible  violence;  sweeping  away,  in  a  moment  of 
time,  hunters,  prospectors,  farmers,  cattle,  everything  within  reach  of  the 
seething  waters.  Strongly  contrasted  with  such  heavy  downpours  are  the 
great  clouds  of  dust  produced  by  the  squall  winds  of  thunderstorms  which 
advance  across  our  western  plains  and  the  "deserts'*  without  bringing  any 
rain.    These  are  often  real  dust  storms.    Occasionally  "  electric  storms,*'  with- 
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out  clouds  or  precipitation,  but  often  accompanied  by  dry  and  dusty  winds, 
are  observed  in  fine  weather  on  the  western  plains,  in  the  foothills,  or  at  the 
higher  altitudes  on  our  western  mountains.  The  air  is  highly  electrified. 
Light  electrical  discharges  may  be  seen  in  the  air  or  moy  take  place  through 
the  body.  Wire  fences  and  other  metallic  objects  give  shocks  when  touched. 
Mountain  tops,  trees,  the  horns  of  cattle,  and  other  objects  are  sometimes  tipped 
with  "  balls  of  fire." 

On  the  Pacific  slope  thunderstorms  are  comparatively  infrequent  and  usually 
very  light,  although  in  northern  inland  sections  their  hail  does  often  injure 
crops.  They  are  not  often  experienced  on  the  immediate  coast,  but  occur  more 
frequently  in  the  interior  valleys  and  on  the  mountains.  They  are  characteristic 
summer  phenomena  on  the  higher  mountain  slopes  and  furnish  much,  or  all,  of 
the  "  dry  season  "  rainfall  of  those  localities. 

Thunderstorms  of  past  years  (*'  fossil  thunderstorms  ")  may  often  be  detected 
by  the  damage  done  by  their  squall  winds  in  uprooting  and  breaking  off  trees 

in  forests,  and  by  the  "fulgurites'* 
of  vitrified  sand,  caused  by  lightning 
Hashes  which  struck  into  the  earth. 

DISTBIBUTION  OF  OUB  THXmDERSTOBMS 
IN  TIME. 

In  relation  to  man's  activities  it  Is 
of  significance  tlmt  most  thunder- 
storms occur  at  the  time  of  year  and 
at  hours  when  outdoor  activities  are 
at  their  height — 1.  e.,  In  the  warmer 
months  and  the  warm  hours  of  mid- 
dle or  later  afternoon.  Whatever 
benefit  or  injury  they  may  bring 
therefore  forces  itself  upon  our  at- 
tention. These  are  the  times  when 
farmers  are  likely  to  be  at  work  in 
heir  fields  and  when  those  who 
enjoy  summer  vacations  are  making  the  most  of  their  outdoor  life.  Hence, 
picnics  and  all  kinds  of  summer  excursions,  to  say  nothing  of  the  more  serious 
business  of  the  agriculturist,  are  so  often  interfered  with.  Yet  thunderstorms 
may  come  at  any  time,  day  or  night  Often  we  are  awakened  from  a  sound 
sleep  by  the  heavy  rainfall,  the  lightning,  and  the  thunder  of  a  late  night  or  an 
early  morning  storm,  which  began  in  the  afternoon  some  distance  to  the  west 
Except  for  the  annoyance  of  being  awakened  and  the  possible  fear  which  we 
may  have  of  lightning  danger,  these  night  storms  do  not  immediately  affect  our 
comfort  or  our  plans.  Night  thunderstorms  seem  to  be  less  frequent  in  the  Gulf 
province  and  in  the  Southern  States  generally  than  elsewhere  in  the  East 
Along  the  Atlantic  coast  the  comparatively  rare  thunderstorms  of  winter  prefer 
the  evening  and  night  hours. 

The  season  of  thunderstorms  varies  more  or  less  according  to  latitude.  The 
Southern  States  may  be  said  to  be  in  the  thunderstorm  belt  throughout  the 
year.  In  the  Gulf  province  thunderstorms,  or  general  rains  accompanied  by 
tliunder,  are  not  uncommon  in  winter,  occurring  with  decreasing  frequency 
northward.  In  winter  the  center  of  maximum  thunderstorm  activity  is  over 
the  Middle  Gulf  States.  This  center  moves  northward  as  spring  and  summer 
come  on,  advancing  both  north  and  west.  By  July  the  centers  of  maximum 
activity  are  in  Florida  and  in  New  Mexico.    Taking  the  country  as  a  whole, 


Fia.  10.— Relation  of  thundentorms  to  oyolonio 
centers  la  New  England,  August,  18S6  (Ward). 
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December  brlDgg  fewest  thuDderetorms  and  July  the  most  Late  q[>ring  and 
early  summer  bring  considerable  thunderstorm  rainfall,  which  is  of  marked 
economic  importance,  over  the  eastern  Rocky  Mountain  foothills  and  the  Great 
Plains.  Over  the  plateau  region  the  thunderstorms  of  late  summer  are  the 
most  frequent  In  New  Mexico  and  Arizona  these  bring  the  well-marked 
summer  rainy  season  of  those  States  (July-August). 

On  the  Pacific  slope,  while  the  inland  thunderstorms  show  a  preference  for 
summer,  the  rarer  ones  of  the  immediate  coast  develop  chiefly  in  winter. 

THUNDER8T0BM  WEATHEB  TYPES. 

The  thunderstorms  of  the  eastern  United  States  are  not  uniformly  distributed 
through  all  types  of  our  summer  weather.  They  come,  numerous,  widely  ex- 
tended, well  marked,  during  a  few  days,  and  then  there  is  a  lull.  Perhaps  two 
or  three  or  more  days  of  cooler,  clearer  weather  pass  by  with  but  a  few 
scattering  ones,  or  none  at  alL  This  more  or  less  clearly  defined  periodicity  is 
related  to  the  larger  movements  of  the  atmosphere,  and  may  often  be  taken 
advantage  of  in  planning  outdoor  work  or  sport  Thunderstorms  depend  upon 
temperatures,  below  and  aloft  They  may  result  (1)  from  the  excessive  heating 
of  the  lower  air  ("lieat  thunderstorms"),  or  (2)  from  the  arrangement  of  the 
lower  and  upper  currents  under  the  control  of  a  passing  cyclonic  storm  area 
("cyclonic  thunderstorms**),  or  (3)  from  a  combination  of  both  causes.  From 
the  vie\\i)oint  of  climate  we  are  not  immediately  concerned  with  the  details  of 
what  goes  on  above  our  heads.  Our  interest  centers  in  the  weather  conditions 
on  the  earth's  surface  which  are  associated  with  thunderstorm  occurrence,  and 
wlilch  immediately  affect  us. 

The  preponderance  of  thunderstorms  in  the  afternoon  hours  shows  that  the 
warming  of  the  lower  air  by  the  sun  during  the  day  plays  an  important  part  in 
timnderstorm  development,  whatever  may  be  the  special  relations  of  the  air 
currents  below  and  aloft  But  we  also  know  that  most  of  our  thunderstorms, 
and  indeed  all  our  larger  and  best-developed  ones,  occur  in  a  fairly  definite 
position  with  relation  to  a  center  of  low  pressure.  Hence  the  name,  "cyclonic 
thunderstorms."  In  figure  8  the  dotted  lines  at  the  top  show  the  positions 
and  path  of  the  cyclonic  center  in  connection  with  which  the  thunderstorms  of 
May  18  and  10,  1884,  occurred.  As  this  center  moved  east,  the  district  of 
thunderstorm  activity  moved  east  also.  For  New  England,  R.  De  0.  Ward  has 
drawn  lines  Joining  the  thunderstorm  district  with  the  contemporaneous  center 
of  low  pressure  nearest  New  England  (1).  The  results  for  August,  1886,  are 
shown  in  figure  10. 

For  general  climatic  purposes  we  may  group  our  so-called  "cyclonic**  thunder- 
storms in  relation  to  the  weather  types  in  which  they  occur  as  follows.  There 
are  (a)  the  thunderstorms  which  spring  up  in  the  hot,  muggy,  southerly 
winds  in  front  (southeast)  of  an  approaching  cyclonic  center.  These  depend 
(1)  upon  local  warming,  under  the  day's  sunshine;  (2)  upon  imported  heat, 
brought  from  the  south  by  the  winds,  and  probably  also  (8)  upon  a  criss- 
crossing of  the  upper,  cooler,  over  the  lower,  warmer  air  currents.  The  double 
source  of  warming  (1)  (2)  explains  the  excessively  high  and  uncomfortable 
temperatures  under  which  we  suffer  on  so  many  days  when  we  long  for  a 
thundorshower  to  "cool  the  air."  A  temporary  fall  in  temperature  we  may 
be  sure  of,  but  when  the  thunderstorms  of  the  first  group  (a)  develop  some 
distance  in  advance  of  the  cyclonic  center — i.  e.,  well  within  the  belt  of 
Boutlierly  winds — the  same  winds  prevail  after  the  storm  as  before  it,  and 
a  cooler  day  following  need  not  be  looked  for. 

The  second  group  (&)  includes  many  of  the  largest  and  best-developed 
thunderstorms  of  the  eastern  United  States.  These  occur  in  or  close  to  the 
transition  zone  between  the  warm,  muggy  weather  brought  by  the  southerly 
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winds  in  front  of  a  passing  cyclonic  area,  and  tlie  cooler,  drier,  dear  weather 
which  comes  with  the  westerly  and  northwesterly  winds  in  its  rear.  The 
ideal  conditions  for  this  type  are  attained  when  the  contrasted  southerly  and 
westerly  winds  are  in  the  most  marlced  opposition.  This  happens  when  the 
southern  portion  of  the  low-pressure  area  is  trou^  or  V-shaped,  mailing 
what  is  knoun  as  a  "wind-shift  line.'*  Here  the  cooler  westerly  winds  may 
easily  underrun  and  lift  up  the  warmer,  damper  southerly  winds.  Here  is  a 
natural  home  for  violent  overtumings  and  conflicts.  Here  our  most  severe 
tliunderstorms  and  our  still  more  severe  tornadoes  are  horn.  Along  this 
wind-shift  line  there  often  develops  a  long  row  of  thunderstorms  ("line  thunder* 
storms"  they  may  well  be  called),  progressing  eastward  as  a  body  with  the 
advance  of  the  trough  itselt  Thunderstorms  of  this  type  (b)  come  as  a 
welcome  relief  at  tlie  close  of  an  enervating  and  depressing  hot  spelL  They 
are  usually  followed  by  two  or  three  days  of  bright,  dear,  cool  weather — 


Fio.  11.— Cydonio  thtmden torm  type  map. 

cur  summer  cool  wave,  refreshing,  invigorating,  health-giving.  In  winter, 
thunderstorms  of  this  same  type  occur  over  our  southern  and  South  Atlantic 
coast  States,  occasionally  reaching  as  far  north  as  New  England.  The  proverb 
current  in  parts  of  tlie  South,  that  "a  thunderstorm  in  winter  means  colder 
weather,"  refers  to  the  fall  in  temperature  brought  by  the  northwesterly  winds 
as  the  wind-shift  line  passes. 

Thunderstorms  also  occur  (c)  in  the  belt  of  westerly  winds  on  the  rear 
(southwest)  of  a  c}*clonic  center  which  has  already  passed  by  on  tlie  north. 
These  come  on  generally  fine  days,  cooler,  and  more  comfortable  than  our 
"hot  spells."  Tliey  are  smaller  and  less  violent  than  those  of  the  preceding 
dnss  (6),  and  are  not  followed  by  as  marked  a  fall  in  temperature,  for  they 
themselves  occur  in  the  cool  quadrant  of  a  cyclone.  Our  northwest  winter 
snow  squalls  are  probably  essentially  of  the  same  nature. 

Figure  11  Is  a  broadly  genernliased  composite  map  allowing  conditions  under 
whidi  cydonic  thunderstorms  are  likdy  to  occur,  over  the  area  from  the  central 
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Mississippi  Valley  eastward.  As  the  low  pressure  area  moves  east  or  northeast* 
the  thunderstorm  district  moves  with  it  The  latitudes  over  which  such  cyclonic 
thunderstorms  will  occur  naturally  depend  upon  the  position,  movement,  and 
characteristics  of  the  cyclones.  The  prevailing  paths  and  movements  of  our 
summer  lows  in  the  eastern  United  States  bring  the  district  of  maximum 
cyclonic  thunderstorm  occurrence  about  as  indicated  In  figure  11.  Cyclonic 
thunderstorms  develop  under  other  conditions  in  relation  to  their  parent  cy- 
clone than  the  three  just  described.  In  the  upper  Missouri  Valley  and  on  the 
northeastern  Rocky  Mountain  slopes,  as  noted  by  Prof.  A.  J.  Henry,  they  are 
frequent  in  the  northwest  quadrant  Again,  while  ordinary  widespread  rain- 
storms are  unfavorable  to  thunderstorm  development,  there  are  many  occur- 
rences of  lightning  and  thunder  during  such  general  rains.  The  characteristic 
features  of  these  nondescript  thunderstorms  are  usually  merged  in  those  of  the 
larger  storm.  Sometimes  a  line  thunderstorm  at  the  end  of  a  general  rain 
results  in  a  definite  clearing.  Favorable  thunderstorm  conditions  are  occa- 
sionally found  where  temperatures  are  sharply  contrasted  along  the  boundary 
line  between  warmer  and  cooler  winds,  as,  e.  g.,  near  the  New  Ehigland  coast, 
where  a  cool  easterly  wind  from  the  ocean  pushes  its  way  into  a  general  flow 
of  warm  southerly  winds  over  the  land.  However  carefully  we  may  try  to 
classify  cyclonic  thunderstorms,  many  cases  Inevitably  remain  in  which  these 
storms  spring  up  regardless  of  all  our  rules. 

On  the  Pacific  slope  the  winter  thunderstorms  of  the  Oallfornia  coast  move 
in  from  the  ocean  in  connection  with  general  cyclonic  conditions.  Farther 
north,  in  Oregon  and  Washington,  the  summer  thunderstorms  are  usually  asso- 
ciated with  a  low-pressure  area  originating  in  the  heated  valleys  of  central  and 
northern  California.  The  low  moves  northward  into  eastern  Oregon,  eastern 
Washington,  or  Idaho,  increasing  in  development  and  in  area  covered.  High 
pressures  prevail  over  northwestern  Washington  and  thunderstorms  occur  on  the 
western  or  northwestern  quadrants  of  the  low. 

There  is  no  really  hard  and  fast  line  between  cyclonic  and  heat  thunder- 
storms. Heat  thunderstorms,  so-called,  are  those  which  spring  up  locally,  on 
hot,  muggy,  relatively  calm  days,  when  there  is  a  generally  uniform,  rather 
^'nondescript"  pressure  distribution,  near  or  but  slightly  below  normal,  over  a 
wide  area.  They  often  develop  at  many  widely  scattered  places  on  the  same 
day,  sometimes  over  the  whole  region  east  of  the  Mississippi  River,  and  espe- 
cially in  and  near  mountains.  They  usually  maintain  their  own  identity  with- 
out uniting  with  their  fellows;  are  small  affairs,  moving  but  short  distances; 
not  lasting  through  the  night,  but  perhaps  developing  again,  day  after  day, 
'  throughout  a  favorable  spell  of  weather.  Heat  thunderstorms  of  this  kind  are 
really  nothing  but  overgrown  summer  daytime  clouds  (cumulus).  While  they 
are  far  from  uncommon  over  the  central  and  northern  portions  of  the  United 
States  east  of  the  Rocky  Mountliins,  they  are  chiefly  characteristic  of  the  Gulf 
and  South  Atlantic  coast  States,  and  of  the  mountain  and  plateau  districts  of 
the  plateau  and  Pacific  provinces.  The  summer  thunderstorms  of  California 
are  characteristically  "heat  thunderstorms."  It  Is  to  this  group,  therefore,  that 
most  of  the  typical  summer  thunderstorms  of  our  western  country  belong, 
which,  over  some  sections,  may  occur  almost  daily  throughout  their  season. 

In  figure  12  we  have  a  generalized  map  showing  conditions  favorable  for  the 
development  of  heat  thunderstorms  over  the  eastern  United  States. 

Many  other  types  of  isobarlc  arrangement  might  equally  well  be  shown  ns 
characteristic  of  heat  thunderstorm  occurrence. 

68436— VOL  n— 17 20 
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TUUNDSB8T0B1I8  IN  BELATION  TO  MAN  :  EAIN,  WIND,  AND  HAH* 

Thonderetorms  bring  xm  mocli  that  Is  of  benefit  They  also  cause  loes  of 
llf^  and  of  property.  The  good  and  the  evil  are  balanced  against  one  another. 
To  them  we  owe  nrach,  hi  parts  of  the  country  even  most,  of  onr  spring  and 
flammer  rainfall.  Thnnderless  rains  are  exceptional  in  those  seasons  over  ex- 
tended areas,  especially  in  the  western  mountain  and  plateau  region.  Without 
these  beneficent  thundershowers,  our  great  staple  crops  east  of  the  Rocky 
Mountains  would  never  reach  maturity.  One  good  thundarshower  ov^  a  con- 
siderable area  at  a  critical  crcp  stage  is  worth  hundreds  of  thousands  <^ 
dollars  to  American  farmers.  Our  stock  markets  time  and  again  show  the 
fSavorable  reaction  of  such  condldoiis  upon  the  prices  of  cereals  and  also  of 
railroad  and  other  stodn.     Thundershowers  break  our  summer  droughts; 
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cleanse  our  dusty  air;  refresh  our  parched  earth;  replenish  our  failing  streniiiR 
and  brooks,  and  bring  us  cool  evenings  and  nights  after  sultry  and  oppressive 
days. 

It  Is  of  considerable  human  and  economic  importance  that  our  larger  thunder- 
storms are  not  everywhere  equally  severe.  They  are  not  a  well-united  whole, 
but  rather  a  series  of  storms  loosely  connected,  moving  as  a  body.  Thus  their 
action  is  uneven,  their  intensity  varies,  and  their  destructive  effects  are  usually 
limited  to  relatively  narrow  belts.  This  fact  of  varying  intensity  along  the 
storm  front  probably  partly  explains  the  popular  belief  that  thunderstorms 
often  *'  divide.**  A  careful  charting  of  all  New  England  thunderstorms  in  1886 
and  1887  (1)  failed  to  confirm  the  belief  that  there  is  any  "dividing"  in  any 
special  localities.  Only  very  rarely  do  breaks  In  the  storm  front  keep  their 
position  in  the  mass  of  the  moving  storm  and  travel  some  distance  with  it 
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There  \»  another  popular  belief  that  thunderstorm  movements  are  controlled 
by  topography.  It  is  true  that  the  smaller,  more  local  storms  are  influenced, 
both  in  their  origin  and  in  their  mov^nents,  by  topograi^,  especially  by 
mounUins;  but  it  is  difEkmlt  to  believe  that  our  larger  thunderstorms,  whose 
mechanism  is  chiefly  at  work  in  the  clouds  and  which  move  under  the  control 
of  the  higher  air  currents,  can  be  appreciably  alTected  by  hills  and  valleys. 

Turning  to  the  unfavorable  aspects,  severe  thunder^orms  often  seriously 
damage  and  prostrate  crops;  wet  them  after  harvesting  and  before  they  are 
under  cover ;  flood  streets  and  cellars,  and  cause  local  washouts.  Most  of  our 
heaviest  short  downpours  come  in  thunderstorms,  except  in  the  coast  districts 
which  are  visited  by  West  Indian  hurricanes.  The  thunder  squall  is  a  phenome- 
non of  no  slight  importance.  Dangerous  this  squall  often  is,  and  sometimes 
fatal  to  human  life,  for  it  readily  capsizes  small  sailboats  and  canoes.  Its 
sudden  coming  should  be  carefully  guarded  against  It  is  often  sufficiently 
Ttolent  to  snap  oft  branches  and  to  beat  down  standing  crops ;  more  rarely  to 
uproot  trees  and  to  wreck  buildings.  All  of  our  more  severe  thunderstorms 
are  occasionally  accompanied  by  hail.  Fortunately,  however,  hail  falls  over 
narrow  belts  in  the  general  storm  mass,  so  that  the  damage  is  confined  to 
relatively  small  areas.  When  the  hailstones  are  large,  windows  are  broken, 
crops  ruined,  and  small  animals  and  birds  are  killed.  Oases  are  reported  of 
the  breaking  of  great  numbers  of  wild  birds*  eggs  by  hall,  and  of  a  smaller 
number  of  the  birds  later  in  the  season.  After  a  severe  storm,  hail  occasionally 
lies  in  drifts  in  the  hollows  of  roads  and  fields,  and  may  even  be  gathered  in 
considerable  quantities.  Thus,  in  New  England,  July  19,  1886,  a  woman  was 
r^[)orted  to  have  collected  a  quantity  of  hailstones  by  means  of  which  she 
"  made  several  quarts  of  very  nice  ice  cream  and  kindly  distributed  it  among 
her  neighbors.*'  Hail  insurance  is  a  natural  development  in  man's  relation 
to  this  hostile  weather  element,  but  is  still  in  a  tentative  state  in  the  XTnite<l 
States,  as  our  hail  statistics  are  not  yet  sufficiently  accurate  to  serve  as  a 
sound  basis  for* such  business.  The  increasing  use  of  glass  hothouses  for 
raising  flowers  and  garden  truck  near  our  large  cities  is  a  good  example  of 
man's  desire  to  make  himself  more  and  more  independent  of  unfavorable 
climatic  conditions.  A  hothouse  is  useful  for  keeping  out  cold  and  high  winds 
and  damaging  rains.  It  enables  man  to  give  his  flowers  and  his  vegetables  a 
favorable  and  a  highly  artificial  climate  under  his  own  control.  But  the  glass 
can  not  stand  the  heaviest  hailstones,  and  the  loss  nt  -such  times  is  often  very 
considerable.  Hail  falls  most  often  in  spring  and  early  summer,  and  more  often 
in  the  States  of  the  central  Mississipi  and  Ohio  Valley  than  over  the  Gulf 
province  or  the  Great  liakes. 

LIGHTNING    DANOEK.     DAMAtiK    AM>    PKOTECTION. 

Lightning  is  powerful  and  dunKeroun.  Few  of  us  care  to  be  exposed  to  U. 
Yet  there  is  much  needless  fear.  Most  thunderstorms  are  harmless.  Many 
lightning  flashes  are  too  weak  to  cause  death.  Large  numbers  of  flashes  are 
from  cloud  to  cloud  and  do  not  affect  our  safety.  Prof.  A.  J.  Henry  has 
constructed  a  map  showing  the  average  number  of  fatal  cases  of  lightning 
stroke  annually  per  unit  area  of  10,000  square  miles  (8).  Between  700  and  800 
persons  are  killed  each  year,  on  the  average,  and  probably  fully  twice  as  many 
are  injured.  If  both  unit*  area  and  p(H>nlation  density  are  considered,  the 
largest  mortality  is  In  the  Ohio  Valley  and  Middle  Atlantic  States.  The  small 
numbo'  of  deaths  in  the  Gulf  province  and  the  adjoining  States,  in  spite  of 
great  thunderstorm  activity,  has  been  ascribed  by  Prof.  Henry  to  the  sparse- 
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ness  of  population  and  to  the  milder  character  of  the  storms  themselves.     (See 
fifiTure  13.) 

There  are  certain  large  facts  in  our  relation  to  lightning  which  are  well 
established.  Isolated  houses  and  farm  buildings  in  the  country  are.  more 
liable  to  be  struck  than  city  buildings.  Our  modem  city  skyscrapers,  with 
their  steel-frame  construction,  are  in  themselves  excellent  lightning  conductors. 
Our  great  networks  of  wires — telephone,  telegraph,  trolley,  electric  light — pro- 
vided with  proper  means  of  conducting  discharges  to  earth,  doubtless  help  to 


prevent  many  flashes  over  cities.  In  general,  the  nearer  we  are  to  the  seat  of 
electrical  activity,  the  greater  our  danger.  The  risk  of  being  struck  by  light- 
ning is,  therefore,  greater  on  mountains,  up  to  a  certain  height,  than  in  valleys 
and  on  lowlands.  The  "lightning  zone*'  on  mountains  is  at  about  the  level 
of  the  base  of  the  thunderstorm  clouds.  Above  and  below  it  there  is  greater 
safety.  Its  altitude  varies  with  the  varying  conditions  of  thunderstorm  de- 
velopment. It  may  reach  up  to  the  summits  of  the  lower  elevations,  while 
the  higher  mountain  tops  may  rise  safely  abo^  it    The  accompanying  figure 
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(fig.  14,  after  F.  Q.  Plummer)  (9)  shows  diagrammatically  the  position  of  this 
lightning  zone  in  a  mountainous  country. 

The  approved  modern  scientific  method  of  lightning  protection  consists,  essen- 
tially, in  inclosing  the  building  in  a  metal  "cage"  or  wire  network,  well 
grounded.  Simple  rules  for  the  installation  of  lightning  conductors  may  be 
found  in  Government  and  other  publications  (10)  (11).  Prof.  J.  Warren  Smith, 
of  Columbus,  Ohio,  has  recently  made  an  investigation  into  the  value  of  light- 
ning rods  in  protecting  buildings  in  the  United  States  (12).  His  conclusion, 
based  on  data  for  1912-13  from  about  130  mutual  fire  insurance  companies,  in  15 
States,  is  that  *'the  efficiency  of  the  lightning  rods  in  preventiug  liglitning 
strolces  is  00  per  cent.*'  Whether  It  is  worth  while  to  protect  a  particular 
building  depends  upon  its  location ;  the  question  of  fire  insurance ;  the  owner's 
fear  of  personal  injury  or  loss  of  life;  his  willingness  to  go  to  additional 
expense  for  more  safety ;  his  desire  to  save  his  property  from  possible  loss  by 
fire;  and  other  considerations.  Hundreds  of  fires  in  houses  and  other  build- 
ings are  started  every  year  by  lightning.  Nearly  all  of  these  fires,  and  a  con- 
siderable loss  of  human  life,  could  certainly  be  prevented  if  modern  methods 
of  lightning  protection  were  generally  employed.  In  addition  to  setting  fires, 
lightning  often  seriously  interferes  with  our  electric  light,  telephone,  and 
trolley  services,  deprives  us  of  electric  power,  and  temporarily  interrupts  busi- 
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ness.  Great  quantities  of  stored  oil,  and  of  oil  from  flowing  wells,  have  been 
burned  as  a  result  of  fire  set  by  lightning. 

Our  vast  primeval  forests  were  fire-sw^t  long  before  the  careless  white 
camper,  or  lumberman,  or  hunter  left  his  smoldering  camp  fire  to  thread  over 
great  stretches  of  valuable  timberland — ^long  before  the  screaming  locomotive 
threw  out  its  showers  of  sparks  to  start  the  dreaded  forest  fire.  Lightning  was 
striking  then  as  it  strikes  now. 

Forest  fires  are  widespread,  and  of  frequent  occurrence  in  our  country. 
They  cause  great  loss  of  valuable  wood  supply.  They  occasionally  sweep  away 
houses,  and  even  villages,  and  cause  loss  of  life.  Sparks  from  locomotives, 
careless  campers,  and  other  more  or  less  avoidable  causes  start  many  of  these 
fires,  but  lightning  must  be  held  responsible  for  a  very  considerable  number. 
In  fact,  as  shown  by  an  Inquiry  made  by  the  late  F.  G.  Plummer  (9),  lightning 
ranks  second  only  to  locomotives  in  starting  forest  fires.  Such  fires  are 
thus  natural  results  of  our  thunderstorm  activity.  They  are  inevitable  and  un- 
avoidable in  their  inception.  But  greater  watchfulness  will  prevent  many  of 
them  from  spreading.  Trees  are  often  struck  by  lightning.  They  are  natural 
conductors;  there  are  millions  of  them;  and  they  are  often  in  the  "lightning 
zone"  on  mountain  slopes.  Many  trees  in  our  national  forests  which  are  espe- 
cially exixxsed  to  lightning  show  evidence  of  having  been  struck  several  times. 
It  is  not  true,  as  this  and  other  facts  show,  that  "lightning  never  strikes  twice 
in  the  same  place."    Plummer  has  shown  that  forest  fires  may  result  from  the 
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ignition  ot  the  tree  Itself,  but  more  often  from  the  ignition  of  the  humus  at  the 
base  of  the  tree.  It  is,  however,  encouraging  to  learn  that  probably  not  more 
than  2  per  cent  of  the  trees  which  are  struck  are  set  on  fire. 

The  danger  of  forest  fires  Is  greatest  in  dry  spells,  in  districts  of  infrequent 
rains,  and  at  times  when  the  thunderstorm  Itself  does  not  put  out  its  own  fires 
by  a  heavy  downpour  of  rain.  In  the  Gulf  States,  although  80,000  trees  are 
struclc  annually,  the  danger  from  forest  fires  is  comparatively  slight,  because 
the  lightning  is  usually  accompanied  by  heavy  rainfall.  Taking  the  United 
States  as  a  whole,  the  most  trees  are  struck  by  lightning  in  a  district  including 
a  part  of  the  Colorado  plateau,  western  New  Mexico,  eastern  ArlsonSt  and 
southwestern  Utah.  LightniuK  damage  is,  however,  not  confined-  to  buildings 
and  trees.    Crops  occasionally  suffer  injury  from  lightning  discharges. 


r 


THUNDKBSTOBM    FOBBCASTS. 


The  relations  of  thunderstorms  to  human  life  and  to  many  human  activities 
are  so  close  that  thunderstorm  forecasts  assume  a  high  degree  of  importance. 
The  weather  map  types  of  thunderstorm  occurrence  are  as  a  rule  well  defined, 
and  our  Weather  Bureau  officials  are  remarkably  successful  in  their  forecasts. 
General  thunderstorm  conditions,  as  has  been  seen,  progress  in  an  easterly  di- 
rection. Their  position  may  thus  be  fairly  accurately  forecasted,  in  the  same 
way  as  general  rains  are  forecasted. 

It  is  the  nature  of  our  large  thunderstorms  to  be  **patchy**  and  irregular  in 
intensity,  and  we  have  man^*  local  thunderstorms  whose  springing  up  in  specific 
localities  can  not  possibly  be  foretold.  Thus,  whereas  the  general  weather 
conditions  may  be  favorable  for  the  growth  of  local  thunderstorms,  and  the 
•  forecast  may  mention  local  showers  or  thunderstorms,  our  own  particular 
locality  may  receive  no  rain;  or  a  general  thunderstorm  may  move  across 
country,  but  we  ourselves  may  happen  to  be  outside  the  rain  area,  or  in  a  region 
where  the  rainfall  is  very  light.  Definite  mention  of  specific  localities  of  local 
thunderstorm  occurrence  should  not  be  expected. 

It  has  been  suggested  that  telephone  warnings  of  a  passing  thunderstorm 
may  be  sent  to  places  farther  east,  informing  them  of  the  coming  of  the  storm. 
Thus  farmers  might  have  time  to  save  their  hay,  and  the  public  might  be  pre- 
pared to  take  shelter.  This  scheme  was  tried  with  some  success  in  Michigan 
in  1892.  The  chief  difficulties  are  that  thunderstorms  move  rapidly ;  that  the 
warnings  must  be  sent  out  some  time  in  advance  of  the  storm,  and  that  many 
thunderstorms  do  not  survive  long.  When  several  observers  along  a  north  and 
south  line  all  report  the  passage  of  a  large  thunderstorm  at  about  the  same 
time,  telephone  warnings  may  be  sent  east,  over  the  probable  district  of  thunder- 
storm progression,  with  a  good  chance  of  being  useful  to  the  public  Until, 
however,  such  a  telephone  warning  system  can  be  fully  and  systematically 
worked  out,  we  may  well  content  ourselves  with  the  regular  forecasts  issued  by 
the  Weather  Bureau,  supplemented  by  our  own  local  observations.  An  intelli- 
gent observer,  even  without  instruments,  can  often  amplify  and  perfect,  to  his 
own  advantage,  the  more  general  official  forecasts. 
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Weather  Bureau,  Bnlletls  No.  30,  8vo.  Washington,  D.  C,  1^.  (''The  aim 
of  this  paper  is  to  furnish  accurate  information  as  to  the  destruction  of  human 
life  annually  by  lightning ;  to  point  out  the  regions  where  the  greatest  loss  of 
life  occurs,  and,  so  far  as  practicable,  to  call  attention  to  a  few  simple  precau- 
tions against  danger  that  may  be  exercised  by  the  iDdlvldual.'*) 

(9)  F.  G.  Plummer :  "  Lightning  in  Relation  to  Forest  Fires.**  U.  S.  Forest 
Service,  Bulletin  No.  111.  8vo.  Washington,  D.  C,  1912.  <ThiB  pamphlet 
brings  together  *'  all  existing  data  relating  to  lightning  and  trees  and  arrives 
at  some  definite  conclusions  regarding  the  relative  frequency  with  which  trees 
are  struck,  the  conditions  which  tend  to  produce  the  greatest  danger,  and  the 
relative  susceptibility  of  different  forms  and  species.**) 

(10)  A.  J.  Henry :  "  Lightning  and  Lightning  Conductors.**  U.  S.  Department 
of  Agriculture,  Farmers*  Bulletin  867.  8vo.  Washington,  D.  C,  1912.  ("  Con- 
tains information  respecting  the  phenomena  of  lightning  in  general,  and  sug- 
gests means  of  protecting  ttirm  buildings  from  destructive  li^tnlng  strokes.**) 

(11)  A.  Q.  McAdie  and  A.  J.  Henry:  "Lightning  and  the  Electricity  of  the 
Air.**  U.  S.  Weather  Bureau,  Bulletin  No.  26.  8vo.  Washington,  D.  C,  1899. 
(In  two  parts.  The  first  deals  with  atmospheric  electricity  and  the  methods  of 
protecting  life  and  property.  The  second  gives  statistics  regarding  losses  of 
life  and  property  in  the  United  States.) 

(12)  J.  Warren  Smith:  "Lightning  and  Lightning  Conductors.**  Proc.  and 
Papers  of  the  Nineteenth  Annual  Meeting  of  the  Naticmal  Assoc,  of  Mutual 
Insurance  Companies,  held  at  Columbus,  Ohio,  S^tember  22-24, 1914,  pp.  23-42. 
(An  Inquiry  into  the  actual  losses  from  fire  due  to  lightning  and  into  the 
efficacy  of  lightning  rods  in  protecting  buildings.  The  data  were  secured  at 
first  hand  from  fire  insurance  companies.) 
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Other  general  references. 

*'  Bibliography  of  Meteorology.  A  Classecl  Catalogue  of  the  Printed  Literature 
dt  Meteorology  from  the  Origin  of  Printing  to  the  Close  of  1881 ;  with  a  Sup- 
plement to  the  Close  of  1889,  and  an  Author  Index.*'  Prepared  under  the 
direction  of  Brig.  Gen.  A.  W.  Greely,  Chief  Signal  Officer,  U.  S.  A.  Edited  by 
Oliver  L.  Passig.  4to.  Washington,  D.  C,  1891.  Pt  IV— Storms.  Pp.  292-296 
on  Thunderstorms  and  Squalls  in  the  United  States. 

li.  W.  Harrington:  "Rainfall  and  Snow  of  the  United  States,  compiled  to 
the  End  of  1891,  with  Annual,  Seasonal,  Monthly,  and  other  Charts.*'  U.  S. 
Weather  Bureau,  Bulletin  C,  Atlas  and  Text  Foi.  and  4to.  Washington,  D.  0., 
1894.  (Cliart  XXIII  gives  details  of  occurrence  of  thunderstorms,  e.  g.,  av^- 
age  annual  number,  months  of  maximum  number,  percentages  of  winter  thunder- 
storms, and  directions  of  thunderstorms  other  than  west    Text    Pp.  29-SO.) 

A.  J.  Henry:  "Climatology  of  the  United  States."  U.  S.  Weathor  Bureau, 
Bulletin  Q.  4to.  Washington,  D.  C,  1900.  (The  largest  and  most  complete 
publication  on  the  subject  It  *'aims  to  present  in  form  for  ready  reference 
oomparative  climatic  statistics  for  the  different  portions  of  the  United  States, 
accompanied  by  explanatory  charts  and  text"  Pp.  75-76  on  thunderstorms. 
PL  XXYIII  gives  average  annual  number  of  thunderstorm  days  in  tlie  United 
States.) 

W.  J.  Humphreys :  "  The  Thunderstorm  and  its  Phenomena."  Month.  Wea. 
Rev.,  VOL  42,  June,  1914,  pp.  848-880.  (A  general  discussion  of  the  charac- 
teristics and  physics  of  thunderstorms,  with  special  reference  to  the  United 
States.    Includes  several  thunderstorm  weather  maps.) 

ADDBNDA. 

The  following  publications  have  appeared  since  the  above  article  was  written, 
and  have  therefore  not  been  referred  to  in  the  text: 

'*  Percentage  Frequ^cy  of  Thunderstorms  in  the  United  States,  1904-1918.*^ 
Monthly  Wea.  Rev.,  voL  48,  Dec.,  1915,  pp.  619-620.  (This  is  a  summary  in 
percentages  and  by  months  of  the  data  used  by  W.  H.  Alexander  in  his  discus- 
sion of  the  distribution  of  thunderstorms  above  referred  to.) 

**  Weather  Forecasting  in  the  United  States.**  By  a  board  composed  of  A.  J. 
Henry,  E.  H.  Bowie,  H.  J.  Cox,  and  H.  C.  Frankenfield.  U.  S.  Weather  Bureau,. 
No.  588.  Large  8vo.  Washington,  D.  C,  1916.  Pp.  870,  figs.  199.  Pages  274-278» 
810-811,  on  thunderstorms.    Figs.  178-185,  thunderstorm  weather  type  maps. 

The  Chairman.  Prof.  Ward's  paper  is  now  before  you  for  dis- 
cussion. 

Mr.  Cox.  Mr.  Chairman,  I  should  like  to  ask  Prof.  Ward  whether 
he  actually  would  recommend  glass  for  protection  against  hail. 

Mr.  Ward.  Mr.  Chairman,  I  have  never  made  any  study  of  hail 
protection.  You  can  break  almost  anything  if  you  have  large  enough 
hail.    But  glass  will  stand  a  reasonable  amount  of  bombarding. 

Mr.  Cox.  I  should  like  to  add  a  word  of  commendation  for  this 
most  interesting  paper.  I  have  been  interested  in  this  sort  of  thing 
for  a  good  many  years,  and  I  have  never  seen  anjrthing  so  graphi- 
cally illustrated  in  connection  with  thunderstorm  work.  It  is  really 
most  interesting  and  a  most  valuable  study. 
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Mr.  Arctowski.  I  should  like  to  direct  attention  to  the  fact  that 
very  detailed  studies  of  these  particular  phenomena  have  been  pub- 
lished in  the  annals  of  the  Central  Meteorological  Bureau  of  France. 

The  Chairman.  If  there  is  no  further  discussion,  we  will  now  be 
glad  to  listen  to  Prof.  Huntington's  paper  on  ^^  Solar  activity,  cy- 
clonic storms,  and  climatic  changes.'' 


SOLAR  ACnVITY,  CYCLONIC  STORMS.  AND  CLIMATIC  CHANGEa 

By  BLI.SWORTH  HUNTINGTON. 

No  meteorological  problem  is  more  important  than  the  discovery  of  the  cause 
of  the  variability  observed  in  the  earth's  climate  from  year  to  year  and  decade 
to  decade.  The  search  for  this  cause  seems  to  be  leading  in  two  directions.  In 
the  first  place  it  is  leading  to  the  conclusion  that  many  previously  unrecog- 
nized factors,  such  as  the  presence  of  volcanic  dust  in  the  atmosphere  (1)  and 
the  cyclical  variation  in  the  amplitude  of  the  tides  and  hence  in  the  strength  of 
ocean  currents  (2)  may  he  producing  distinct  and  measureable  effects.  In  the 
second  place,  the  search  seems  to  indicate  that  the  causes  Just  named  account 
for  only  a  minor  portion  of  our  climatic  phenomena,  and  that  we  must  look 
elsewhere.  Therefore  attention  is  being  concentrated  upon  the  sun  as  the  only 
competent  cause. 

On  all  sides  it  has  long  been  recognized  that  theoretically  the  well-known 
variations  in  the  activity  of  the  sun  might  be  expected  to  be  reflected  in  varia- 
tions in  terrestrial  climate.  Nevertheless,  the  solar  hypothesis  has  remained 
in  abeyance.  Its  failure  has  l>een  due  to  various  causes.  For  one  thing  it» 
advocates  as  well  as  its  opponents  have  not  been  sufficiently  ready  to  consider 
that,  even  if  it  is  true,  its  application  must  be  modified  and  complicated  by 
factors  of  a  purely  terrestrial  nature,  such  as  volcanic  dust  In  the  second 
place,  the  hypothesis  has  until  recently  been  indefinite.  There  has  been  an> 
almost  complete  failure  to  show  the  mechanism  by  which  changes  in  solar 
radiation  are  supposed  to  give  rise  to  the  conditions  actually  observed.  Thi» 
leads  to  the  third  reason  why  the  solar  hyi>othesis  has  failed  to  gain  acceptance. 
Although  studies  of  specific  phenomena,  such  as  tropical  hurricanes  or  the  mean* 
temperature  of  the  various  zones,  seem  to  show  an  unmistakable  connectioi^ 
between  solar  and  terrestrial  changes,  there  have  been  glaring  discrepancies. 
Different  parts  of  the  same  continent  have  been  found  to  vary  inversely  to  one 
another.  The  earth  is  warmer  than  normal  at  times  when  the  sun  is  cooler 
than  normal.  Still  another  reason  for  the  failure  of  the  solar  hypothesis  is  that 
students  have  in  many  cases  looked  for  a  direct  terrestrial  response  instead  of 
looking  for  an  indirect  response  through  modifications  in  the  circulation  of  the 
atmosphere. 

In  a  recent  paper  on  **  The  solar  hypothesis  of  climatic  changes  *'  (8)  the  present 
writer  has  advanced  an  hypothesis  which  seems  to  meet  these  objections.  The 
fundamental  idea  of  the  hypothesis  is  that  variations  of  terrestrial  weather  are 
due  primarily  to  changes  in  the  sun,  and  arise  through  alterations  in  the  vertical 
circulation  of  the  earth's  atmosphere.  These  alterations  may  be  due  to  other 
causes  as  well  as  to  changes  in  temperature,  but  that  need  not  here  concern  us. 
The  following  pages  give  a  brief  r^um^  of  the  chief  points  of  this  hypothesis, 
and  show  Its  relation  to  certi^ln  new  factB  and  conclusions  along  three  main 
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lines.  These  are  as  Mlows :  (1)  Tbe  apparent  analogy  between  tbe  distrlbation 
of  storminess  in  North  America  and  Bnrasia;  (2)  the  observed  liehavior  of 
storm  tracks  dnrlng  times  of  maximum  and  minimum  sun-spots ;  and  (8)  the 
evidence  as  to  a  i;)eriod  of  unusual  storminess  in  the  fourteenth  century,  at 
which  time  conditions  appear  to  have  been  analogous  to  those  now  prevaitini? 
when  son-spots  are  abundant 

The  cycUmic  form  of  the  Molar  hypothe9i9  of  OimoHe  cham§et, — The  form  of 
the  solar  hypothesis  to  be  discussed  in  this  paper  is  "cyclonic"  in  distinction 
from  the  old  "caloric**  form  which  was  avowedly  indefinite.  The  distinction 
is  important  The  old  form  of  the  solar  hypothesis  held  that  variations  in 
terrestrial  weather  and  climate  arise  from  changes  in  solar  heat  which  are  sup- 
posed to  cause  corresponding  changes  in  the  temperature  at  the  earth's  sur- 
face. The  new  form  holds  that  in  both  bodies  changes  in  temperature  are  as 
often  a  result  as  a  cause.  The  activity  of  sun  spots  is  accompanied  by  varia- 
tions in  the  amount  of  heat  emitted,  but  these  do  not  appear  to  be  due  to  any 
aiypreciable  diange  in  the  mean  temperature  of  the  sun  as  a  whole.  They 
appear  rather  to  be  due  to  the  welling  up  of  heated  gases  from  below  and  to 
the  settling  downward  of  cooled  gases  into  lower  layers  of  the  solar  atmosphere. 
On  the  earth  the  present  hypothesis  supposes  that  a  similar  displacement  of 
the  atmosphere,  chiefly  through  changes  In  the  number  and  Intensity  of  cy- 
clonic storms,  is  sufficient  to  account  for  a  large  part  of  the  terrestrial  varia- 
tions of  climate  from  year  to  year  and  decade  to  decada  The  steps  which  have 
led  to  this  hypothesis  are  briefly  stated  below,  but  the  reader  is  warned  that 
the  outline  here  given  is  fragmentary  and  should  be  filled  out  by  reference  to 
the  original  pai;)er  (S). 

To  begin  with  temperature,  the  results  obtained  by  Newcomb  (4)  and  stlK 
more  by  KOppen  (5)  leave  little  doubt  that  in  years  when  the  sun*s  surface  is 
unusually  active,  as  indicated  by  maximum  sun-spots,  the  temperature  of  the 
earth's  surface  is  about  half  a  degree  centigrade  lowei  than  at  times  of  mini- 
mum sun-spots.  The  work  of  Abbott  (6)  and  others  seem  to  prove  t^iat  when 
sun-spots  are  at  a  maximum  the  sun's  thermal  radiation  is  from  1.6  to  5.6 
per  cent  higher  than  usual.  The  apparently  contradictory  nature  of  these  two 
facts  seems  at  first  sight  to  be  one  of  the  greatest  obstacles  to  any  hypothesis 
connecting  terrestrial  climate  with  sun-spots. 

Other  investigations  seem  to  indicate  that  there  is  agreement  as  well  as  dis- 
agreement between  solar  and  terrestrial  variations  of  temperature.  See  (7) 
thinks  that  he  has  found  a  connection  between  the  vagaries  of  the  seasons 
and  the  condition  of  the  solar  prominences.  The  painstaking  investigations 
of  Arctowski  (8)  indicate  that  in  addition  to  the  larger  variations  of  terrestrial 
temperature  whose  phases  are  inverse  to  those  of  the  sun-spots,  there  are 
pleions,  or  waves  of  alternately  higher  and  lower  temperature  whose  period 
is  only  two  or  three  years.  These  occur  with  such  uniformity  in  all  parts 
of  the  world  that  they  can  scarcely  be  due  to  anything  except  some  external, 
widely  acting  cause,  capable  of  influencing  all  parts  of  the  earth  at  once.  The 
sun  appears  to  be  the  only  known  agent  competent  to  produce  the  observed 
results.  Arctowski's  latest  investigations  suggest  that  the  pleions  are  a  re- 
sponse to  some  of  the  less  easily  detected  solar  variations  which  manifest  them- 
selves as  faculse.  It  should  be  carefully  noted,  however,  that  the  pleions  seem 
to  move  like  waves  across  broad  areas.  At  their  point  of  origin,  which  is 
apparently  in  regions  where  the  sun  at  the  season  in  question  happens  to  be 
exerting  the  greatest  influence,  they  appear  to  correspond  directly  with  solar 
variations,  but  as  the  waves  of  heat  move  outward  a  lag  of  a  few  months 
becomes  evident.     In  certain  regions  there  is  an  apparent  reversal,  and  the 
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I  time  of  maximum  temperature  may  even  come  at  tbe  time  of  mit^jni^ni  aolair 
activity. 

It  muHt  be  clearly  uiiderstoofl  that  Arctuw8ki*8  pleiomin  cycle  of  two  or  three 
years  is  distlDct  from  the  sun-spot  cycle  of  11  years,  although  the  two  are 
intimately  related.  Thus,  «o  f ar  as  temperature  is  concerned,  there  seem  to  be 
at  least  two  well-established  cycles.  The  greater,  or  sun-spot  cycle,  shows  a 
terrestrial  reversal  of  solar  conditions,  for  when  tlie  sun*s  surface  is  hot  the 
earth's  surface  is  cool.  This  is  true  when  the  earth  as  a  whole  is  taken  into 
•consideration.  In  individual  localities,  however,  the  contrary  may  prevaiL 
The  other  or  smaller  cycle  seems  to  show  a  direct  response  to  solar  variations 
in  most  regions,  especially  within  the  Tropics,  but  elsewhere  it  may  show  a  lag, 
which  Is  apparently  due  to  the  wave-like  motion  which  Arctowski  has  w^i 
demonstrated.  Occasionally  a  reversal  occurs,  due  apparently  to  still  another 
<AUse.  For  our  present  purpose  the  essential  point  is  that  in  the  greater 
<:ycle  a  relationship  of  some  sort  between  solar  and  terrestrial  changes  Is 
•established  beyond  question,  while  in  the  other  the  probability  of  such  a  rela- 
tionship Is  high. 

Either  as  cause  or  effect  barometric  conditions  are  intimately  connected  with 
all  changes  of  temperature,  as  well  as  with  winds  and  other  climatic  phenomena. 
As  cyclonic  storms  are  tbe  most  striking  barometric  phenomena  they  are  par- 
ticularly worthy  of  study.  The  work  of  Poey,  Meldrum,  and  Wolf,  as  summed 
up  by  Hann,  (9)  shows  that  in  tropical  latitudes  the  number  of  hurricanes  is 
almost  a  direct  function  of  the  number  of  sun-spota  In  temperate  latitudes 
also,  as  appears  from  a  large  body  of  evidence  gathered  by  Kullmer,  (10)  Bigelow, 
(11)  and  others,  the  number  and  location  of  storms  are  intimately  related  to  the 
number  of  sun-spots.  In  Europe  the  data  have  not  yet  been  fully  worked  up, 
although  so  far  as  they  go  they  harmonize  with  the  conclusions  reached  in 
America.  In  North  America  the  excellent  and  easily  utilized  records  of  the 
United  States  Weather  Bureau  make  it  possible  to  determine  exactly  what 
has  happened  during  the  past  three  or  four  decades.  Kullmer's  investigations 
show  that  during  that  time  the  main  belt  of  storminess  has  shifted  northward 
a  degree  or  two  at  times  of  many  sun-spots  and  southward  when  the  qM>t8  were 
few.  In  addition,  there  appears  to  be  another  tendency.  When  q;>ots  are 
numerous  the  number  of  storms  in  our  Southwestern  States  and  along  an 
attenuated  belt  extending  eastward  to  Florida  and  widening  thence  to  the 
northward  along  the  Atlantic  coast  also  shows  an  increase.  Finally  Kullmer's 
data  show  that  so  far  as  records  are  available  the  absolute  amount  of  stormi- 
ness in  North  America  as  a  whole  appears  to  be  greater  at  times  of  many  sun- 
spots  than  at  times  of  few. 

A  third  type  of  terrestrial  variable — namely,  atmospheric  electricity  and 
magnetism — deserves  mention  in  coqnectlon  with  temperature  and  atmo^heric 
pressure,  although  we  do  not  yet  know  how  important  these  may  be  in  their 
effect  on  climate.  It  has  long  been  known  that  no  condition  on  our  earth 
shows  a  more  direct  response  to  variations  In  the  sun  than  does  magnetism. 
The  most  noteworthy  fact  Is  that  the  variability  of  the  magnetic  forces  Is 
great  when  sun-spots  are  active,  and  slight  when  they  are  few.  This  Is  evident 
whether  we  consider  the  variations  during  the  course  of  the  day,  month,  or 
year.  It  Is  most  clearly  seen,  however.  In  the  dally  Inequality — that  Is,  in 
the  amounts  by  which  the  magnetic  forces  day  by  day  depart  from  what 
would  be  expected  on  the  basis  of  the  season  and  of  the  gradual  changes  of 
mean  Intensity  which  are  constantly  In  progress.  Other  lines  of  evidence 
show  that  the  sun  is  an  electric  variable  whose  variability  is  at  a  maximum 
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when  the  suu-spots  are  most  numerous.  Kullmer  (12)  has  shown  some  reason ' 
for  thinking  that  the  paths  of  cyclonic  storms  may  have  an  intimate  con> 
nectlon  with  the  earth's  magnetism,  and  it  is  not  improbable  that  storms  and 
either  magnetism  or  atnfOspheric  electricity  are  intimately  connected.  Thi» 
possibility  should  be  borne  in  mind.  Although  we  shall  not  consider  it  further^ 
it  is  well  to  remember  that  if  atmospheric  electricity  and  storms  are  geneti- 
cally connected,  the  main  conclusion  of  this  paper  as  to  the  influence  of  the- 
sun  upon  terrestrial  climate  will  be  materially  strengthened.^ 

Without  entering  Into  further  discussion  of  possible  causes,  let  us  briefly 
consider  the  effect  of  solar  variations  upon  terrestrial  climate,  especially  upon 
temperature  and  stormlness.  The  controlling  force  In  all  cUmatlc  phenomena 
Is  generally  supposed  to  be  temperature.  If  the  amount  of  heat  received 
from  the  sun  were  to  change  appreciably  no  one  questions  that  the  earth's 
climate  would  be  Influenced.  If  the  solar  heat  should  be  reduced  to  zero  the 
present  distribution  of  areas  of  high  and  low  pressure  would  be  destroyed 
except  so  far  as  It  consists  of  belts  dependent  solely  on  the  earth's  rotation. 
If  the  sun's  heat  should  increase,  on  the  other  hand.  It  seems  only  reasonable 
to  suppose  that  the  intensity  of  the  barometric  gradients  would  also  Increase. 
During  the  long  polar  nights  the  regions  far  to  the  north  and  south  would 
receive  no  more  Insolation  than  at  present,  while  equatorial  regions  would  be 
even  warmer  than  now.  Thus  the  contrasts  In  temperature  would  be  Increased, 
and  that  would  give  rise  to  greater  extremes  of  barometric  pressure,  stronger 
winds,  stronger  ocean  currents,  more  violent  storms,  and  heavier  rainfall  at 
least  In  certain  regions.  All  these  phenomena  would  be  the  apparently  Inevi- 
table result  of  the  tendency  of  the  atmosphere  to  seek  a  state  of  equilibrium 
whenever  its  temperature  is  disturbed  by  some  external  agency. 

Att^npts  have  been  made,  to  be  sure,  to  show  that  an  Increase  Is  solar  heat 
would  cause  such  great  evaporation  and  consequent  cloudiness  that  the  sun's 
rays  would  be  prevented  fkt>m  reaching  certain  large  portions  of  the  earth's 
surface  which  would,  therefore,  be  marked  by  a  decline  of  temperature  in  spite 
of  the  Increase  elsewhere.  This  hypothesis,  however,  has  failed  to  find  sup- 
port, although  there  Is  probably  a  certain  element  of  truth  In  parts  of  It  Its 
chief  weakness  Is  that  according  to  It  times  of  many  sun-spots  and  corre- 
spondingly great  emission  of  solar  energy  ought  to  be  times  of  Increased  warmth 
in  the  subtropical  zone  where  the  sun  shines  most  of  the  time,  even  though 
the  cloudy  belts  on  either  side  might  be  cool.  Yet  KQppen's  figures  (5)  show  a 
diminution  of  temperature  at  sun-spot  maxima  In  all  parts  of  the  world  except 
perhaps  the  poles. 

This  brings  us  to  an  Important  consideration  which  seems  to  have  been 
largely  overlooked.  The  movements  of  the  air,  as  every  one  knows,  are  not 
only  horizontal  but  vertical,  but  there  seems  to  have  been  relatively  little  dis- 
cussion of  the  effect  which  changes  In  solar  radiation  must  produce  upon  the 
vertical  movements.  Such  movements  are  largely  cyclonic  in  nature,  varying 
In  size  from  the  little  dust  whirls  of  dry,  hot  weather  through  thunderstorms  to 

1  In  the  year  which  has  elapsed  between  the  writing  of  this  paragraph  In  Octol>er,  1915, 
and  Its  revision  for  the  press  In  1916,  I  have  carried  on  a  series  of  comparisons  between 
dally  changes  In  the  sun  and  dally  barometric  gradients.  The  results  suggest  that  there  Is 
probably  an  Intimate  connection  t>etween  changes  In  sun-spots  and  the  steepness  of  baro- 
metric gradients.  The  effect  l>ecomes  more  apparent  the  wider  the  terrestrial  area  whose 
gradients  are  studied.  The  response  of  the  earth  to  the  sun  appears  in  less  than  24 
hours,  and  is  so  prompt  and  so  pronounced  that  It  can  scarcely  be  due  to  beat.  In  this 
and  other  respects  It  agrees  with  what  would  be  expected  from  an  electrical  phenomenon. 
A  summary  of  the  investigation  here  mentioned  will  be  published  shortly. 
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the  great  dbsturbouces  of  hurricanes  and  of  the  ordinary  storms  of  the  Tem- 
perate Zone.  I^t  us  see  how  far  the  observed  facts  as  to  such  cyclonic  move- 
ments agree  with  what  would  be  expected  on  the  basis  of  the  ordinary  hypothe- 
sis of  thermal  activity.  To  begin  with  tropical  thunderstorms  and  showers, 
the  relation  of  these  to  sun  spots,  so  far  as  the  author  is  aware,  has  not  been 
investigated  by  the  method  of  making  maps  of  the  departures  from  the  nor- 
mal at  different  stages  of  the  solar  cycle — the  method  which  has  given  such 
convincing  results  along  other  lines  at  the  hands  of  Arctowski,  Hildebrandsson, 
KuUmer,  and  others.  There  are  Indications,  however,  that  the  average  rainfall 
•of  the  Torrid  Zone  as  a  whole  is  greater  at  times  of  many  spots  than  of  few  (13). 
Judging  from  regions  that  have  been  more  minutely  investigated  It  is  probable 
that  different  parts  of  the  zone  may  respond  differently,  as  is  clearly  the  case  In 
tlie  Temperate  Zone.  This  would  not  affect  the  general  conclusion  that  the  total 
amount  of  convectlve  activity  which  gives  rise  to  equatorial  showers  varies  In 
liarmony  with  the  sun-spots.  Increased  Insolation  apparently  causes  a  heating 
•of  the  lower  layers  of  the  atmosphere  and  this  In  turn  causes  more  rapid  up- 
ward movements  such  as  occur  in  tropical  thundershowers. 

A  single  tropical  hurricane  or  one  of  the  widespreading  cyclonic  storms  of 
the  Temperate  Zone  carries  upward  far  more  air  than  do  scores  or  hundreds 
-of  thunderstorms.  Since  without  the  sun  there  would  be  none  of  the  present 
irregular  areas  of  permanent  high  and  low  pressure.  It  seems  only  logical 
to  8ui^[>06e  that  an  increase  In  solar  activity  would  strengthen  these  areas 
and  perhaps  cause'  them  to  shift  somewhat  In  position.  If  this  happens 
there  should  be  a  greater  degree  of  total  storminess  and  also  some  shifting 
•of  the  storm  tracks.  Moreover,  If  the  sun*s  heat  Is  greater  than  usual  there 
should  be  an  exaggeration  of  local  differences.  The  temperature  of  a  region 
In  the  full  glare  of  the  unclouded  sun  would  differ  from  that  of  a  clouded 
area  more  than  at  times  when  the  sun  gives  out  less  heat  Therefore  we 
should  expect  not  only  (I)  an  Increase  In  total  storminess  as  measured  by 
the  strength  of  the  average  storm,  and  (II)  a  shifting  of  the  tracks  to  accom- 
modate the  changed  areas  of  permanent  highs  and  lows,  but  (III)  an  increase 
In  the  number  of  storms  arising  out  of  local  perturbations  of  the  atmosphere. 

This  result,  as  is  fully  explained  in  the  paper  already  referred  to,  (8)  is  exactly 
what  we  find.  Tropical  hurricanes  Increase  In  number  when  the  sun*s  radi- 
ation increases  at  times  of  maximum  sun-spots.  At  the  same  time  there  is 
a  shifting  of  the  tracks  of  cyclonic  storms  in  temperature  regions,  as  Bigelow  (11) 
and  Kullmer(lO)  have  shown.  Finally,  there  appears  also  to  be  an  absolute 
Increase  In  storminess,  or  at  least  this  has  been  the  case  In  the  United  States 
since  the  data  began  to  be  collected  on  a  sufficiently  large  scale  to  be  con- 
vincing. 

This  brings  us  to  the  critical  point  If  It  be  true  that  the  cyclonic  activity 
and  upward  movement  of  the  air  thus  increase  at  times  of  many  sun-spots, 
heat  must  be  carried  away  from  the  earth's  surface.  The  air  that  rises  In 
the  center  of  tropical  thunderstorms  or  hurricanes  is  always  warm.  That 
which  rises  In  the  cyclonic  storms  of  temperate  latitudes  may  not  always  be 
so  warm  as  that  of  equatorial  latitudes,  but  it  comes  In  general  from  the 
equatorward  side  of  the  storm  and  is  almost  Invariably  vrarmer  than  the 
normal  for  the  given  season  and  latitude.  Therefore  the  effect  of  an  Increase 
In  cyclonic  activity  would  be  to  decrease  the  surface  temperature  consider- 
ably in  tropical  regions,  less  In  middle  latitudes,  and  possibly  not  at  all  near 
the  poles.  That  a  diminution  of  heat  actually  occurs  at  times  of  many  sun- 
spots  In  a  fashion  harmonious  with  our  hypothesis  has  been  proved  beyond 
reasonable  doubt  by  the  painstaking  work  of  Newcomb  and  Kdppen.    This, 
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then,  te  the  basis  of  the  cyclonic  form  of  the  solar  liypothesis  of  dimatie 
variations. 

The  chief  objection  to  thin  hypothesis  is  that  we  do  not  yet  know  whether  th«» 
iiiereased  activit>'  of  the  atmosphere  at  times  of  snn-spot  maxima  is  sufncient 
to  produce  the  observed  effects  npon  temperature.  As  to  the  retillty  of  the 
increased  activity  Arctowski  (14)  says  that  there  can  be  no  more  doubt  than  as 
to  the  relation  between  snn-ipots  and  temperature  as  worked  out  by  Newcomb^ 
KOppen,  and  others.  ^Vs  to  Its  sufficiency  to  produce  the  observed  results,  how- 
ever, we  must  wait  for  further  investigation.  One  of  the  best  tests  will  be  a 
study  of  the  upper  layers  of  the  atmosphere.  If  our  hypothesis  is  true,  we 
should  expect  the  isothermal  layer  to  rise  at  times  of  many  sun-spots  and  to 
descend  when  the  diminished  activity  of  the  sim  causes  a  corresponding  diminu- 
tion in  the  upward  movement  of  the  air.  It  is  quite  possible,  and  according  to 
our  hypothesis  highly  probable,  that  in  equatorial  regions  the  air  at  an  alti- 
tude of  several  thousand  meters  may  be  warmer  at  sun-spot  maxima  than  at 
minima,  thus  reversing  the  conditions  at  the  earth's  surface.  It  is  even  pos- 
siiilo  that  when  the  total  body  of  air  is  considered  the  temperature  may  c<»r- 
respond  with  the  intensity  of  solar  radiation,  and  vary  in  a  way  quite  different 
from  that  observed  at  the  surface.  It  must  be  remembered,  however,  that  when 
warm  air  Is  carried  upward  It  stays  there  a  long  time.  It  has  an  opportunity 
to  radiate  its  heat  into  space  more  rapidly  than  would  be  possible  if  it  remained 
near  the  surface.  Thus  Increased  radiation  from  the  upper  air  may  largely 
neutrnlize  the  effects  of  more  rapid  convection.  Hence  the  differences  to  be 
expected  in  the  location  of  the  isothermal  layer  need  not  necessarily  be  great 

Another  way  in  which  the  cyclonic  form  of  the  solar  hypothesis  may  be  tested 
^^a8  well  illustrated  at  the  meeting  of  the  Pan  American  Congress  where  this 
paper  was  presented.  Arctowski,  in  his  contribution  printed  in  this  volume, 
shows  that  the  year  1911  was  peculiar.  In  most  parts  of  the  world  there  was 
a  general  pleionian  rise  in  temperature  corresponding  to  an  increase  in  the 
activity  of  solar  faculse.  Tlie  center  of  the  United  States,  however,  showed  a 
distinct  reversal,  for  although  the  surrounding  areas  were  characterized  by 
a  temperature  above  the  normal,  our  Central  States  fell  below  the  normal.  In 
explanation  of  this  anomaly  Kullmer  showed  his  map  of  storminess  in  the 
I'nited  States  for  1911,  a  map  which  unfortunately  has  not  yet  been  published 
A  comparison  of  this  map  with  ttie  average  map  for  30  years  and  with  indi- 
vidual maps  of  other  years  shows  that  1911  was  characterized  by  a  peculiar 
eoncentratior.*  ol  st^nrminess  in  the  north  central  part  of  the  United  States. 
Around  the  borders  of  the  count i^^:  and  in  southern  Canada  there  were  fewer 
stonns  than  usual,  but  in  the  place  whertjo^rctowskl  found  a  deficiency  of  tem- 
perature Kullmer  found  a  marked  increase  &»<,  storminess.  A  part  of  the  de- 
ficiency may  have  been  due  to  increased  cloudlnesS^^ut  this  would  In  part  be 
balanced  by  Increase^l  heat  liberated  by  condensation>y  The  greatly  Inaeased 
storminess,  however,  nmst  have  been  accompanied  by^L  Increased  convective 
activity,  and  this  must  have  carried  unusually  large  amohrHjts  of  warm  air  to 
high  levels.  On  this  basis  a  lowering  of  the  sui-face  temper^re  is  to  be  ex- 
pected, for  the  air  that  replaces  the  warm  air  In  the  storm  e??iPters  is  gen- 
erally cold  air  from  northerly  quarters.  Therefore,  it  seems  haflJ  ^^  ^"^^^^ 
the  conclusion  that  the  diminution  of  temperature  In  1911  in  the^  <*«^''«' 
Inited  States  was  due  in  part  at  least  to  Increased  cyclonic  activity.  ll^  ^^^^'^ 
words  we  seem  to  have  here  on  a  small  and  easily  measurable  scale  thtt^"'^' 
Phenomena  which  the  cyclonic  hypothesis  supposes  to  be  characteristic  o'^  ^^^ 

t^'!^A^!'^l'^    ^  "^""^  ""  "^"^^^  coincidence  of  this  sort  does  not  p"^^^^ 
the  point,  but  it  suggests  interesting  lines  for  future  investigation. 
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THK   DI8TBIBUTION    OY   8T0BKINB8R    IN    NOSTH    AMERICA    AND  KUBASIA. 

Let  U8  DOW  turn  from  the  cyclonic  hypothesis  to  certain  related  matters 
which  haTB  a  direct  bearing  on  the  final  solution  of  the  problem  of  climatic 
variationB.  The  first  of  these  concerns  what  I  have  called  the  double  storm 
belt  (16).  The  reality  of  the  northern  or  boreal  belt  is  not  open  to  question. 
The  southern  or  subtropical  belt,  however,  is  by  no  means  so  evident  Figure 
1  shows  the  general  conditions  of  stonniness  in  the  United  States  for  the  80 
years  firom  1888  to  1912.  The  numbers  and  the  shading  with  lines— disregard- 
ing the  dot»— indicate  the  average  number  of  storm  centers  passing  yearly 
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over  areas  measuring  2}*  north  and  south  and  5*  east  and  west,  according  to 
Kullmer.    The  main  feature  of  the  map  is  a  belt  of  great  storminess,  more 
than  20  storm  centers  per  year,  extending  from  western  Alberta  through  Mani- 
toba to  the  Great  Lakes,  and  thence  down  the  St  Lawrence  toward  New- 
foundland.   The  belt  has  two  peaks,  so  to  speak.    The  western  peak  lies  in 
southern  Saskatchewan  and  Manitoba,  where  the  number  29.5  is  flanked  to  ttie 
east  by  26.8  and  28.4  and  to  the  west  by  26.7  and  25.a    The  eastern  and  more 
Important  peak  lies  in  Ontario  north  of  Lake  Erie,  where  the  numbor  85  is 
flanked  by  several  above  80.    The  greater  intensity  of  storminess  in  the  east 
than  in  the  west  Is  apparently  due  in  part  to  the  barrier  of  the  Rocky  Moon- 
tains,  and  in  part  to  the  fact  that  the  Atlanic  area  of  pennanent  low  preBSure 
Is  more  important  than  the  corresponding  area  In  the  Paciflc. 


Fio.  3.— storm  trades  in  Europe.    Avenge  number  ot  storm  centers  crossing  areas  3)*  in  latitode 
•nd  i*  In  longitude  each  year  during  the  siztesD  years  from  1870  to  1801.    (After  KuUmer.) 

The  second  notable  feature  of  the  distribution  of  storminess  is  the  contrast 
between  the  rapid  decline  in  the  number  of  storms  northward  and  the  slow 
decline  southward.  Part  of  the  northward  decrease  is  due  to  the  scarcity  of 
observations,  but  much  is  real.  Southward  the  decline  is  not  regular,  but  is 
interrupted  by  two  projections  which  may  be  compared  with  the  spurs  of  a 
mountain  range.  The  western  and  more  important  spur  projects  into  Colorado, 
where  it  rises  to  a  genuine  peak,  for  the  number  22.8  in  the  eastern  part  of  the 
State  is  entirely  surrounded  by  smaller  numbers.  Part  of  the  apparently  great 
storminess  in  this  region  is  due  to  the  fact  that  the  paths  of  the  storms  are 
here  apt  to  be  unusually  curved.  This,  however,  does  not  alter  the  fact  that  for 
some  reason,  connected  perhaps  with  the  shape  of  the  continent  or  the  location 
of  the  mountains,  the  Great  Plains  of  eastern  Colorado  and  Kansas  are  more 
stormy  than  would  be  expected.  The  less  important  spur  along  the  Atlantic 
coast  is  partly  due  to  the  fact  that  the  Appalachian  Mountains  form  a  barrier 
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and  dW^rt  some  of  the  stomiB  from  the  west,  so  that  they  more  northeastward 
alons  its  inner  edge.  Of  greater  importance  is  the  fbct  that  many  storms, 
Inclading  some  that  originate  as  tropical  horricanes,  pass  np  the  Atlantic 
coast  ^KTlthont  encroaching  far  on  the  land. 

In  fi^re  1  it  will  be  noticed  that  two  areas  shaded  with  dots  are  associated 

with  the  two  spurs.    The  dotted  shading  indicates  the  regions  where,  as  one 

fiasses  from  north  to  south,  the  regular  decline  in  stormlness  either  gives  place 

to  an  actual  increase  or,  at  least,  ceases  to  proceed  as  rapidly  as  usuaL    If  a 

profile  of  the  storminess  be  drawn  along  a  north  and  south  line,  the  dotted  areas 

are  places  where  the  profile  either  shows  an  actual  subsidiary  maximum,  or 

else  a  pronounced  shoulder.    Such  a  series  of  profiles  at  intervals  of  10*  of 

longitude  has  been  published  elsewhere.    It  shows,  for  instance,  that  there  is  a 

pronounced  maximum  between  latitudes  47)*  and  50*  along  the  axial  line  of 

the  main  storm  belt    Then,  there  is  a  decline  southward — ^that  is,  toward  the 

rigl^t  in  the  diagram — ^but  between  latitudes  42)*  and  40*  this  dedine  ceases. 

The  profile  shows  a  shoulder  at  this  point,  and   accordingly  the  map  of 

fii^ure  1  has  been  shaded  with  dots.    In  the  next  diagram  the  second  line  has  a 

shoulder  at  latitude  82)*  to  85*,  and  the  corresponding  part  of  the  map  is 

shaded.    Farther  west  there  is  not  merely  a  secondary  shoulder  but  an  actual 

peak,  as  we  have  already  seen,  and  as  is  plainly  evident  in  the  digrams  for 

longitudes  100*  to  105*  and  110*  to  115*. 

Turning  now  to  Eurasia,  we  find  that  when  proper  allowance  is  made  for 
the  different  size  and  topography  of  the  continent  the  distribution  of  storms 
is  essentially  the  same  as  in  North  America.  Figure  2  is  Kullmer*s  map  of 
storms  in  Europe,  based  on  the  years  1876  to  1891,  for  which  alone  the  storm 
tracks  have  been  plotted.  Further  plotting  of  the  later  tracks,  a  task  which 
is  greatly  needed,  would  doubtless  modify  this  map  somewhat,  but  the  main 
outlines  would  probably  be  changed  only  a  little.  Notice  the  two  main  stormy 
areas,  where  the  number  of  storm  centers  rises  above  20.  Much  the  larger 
one  embraces  England,  the  North  and  Baltic  Seas,  and  Scandinavia,  together 
with  northern  Germany.  It  seems  to  correspond  with  the  area  of  high  stormi- 
ness in  western  Canada.  The  absence  of  lofty  mountains,  like  the  Rockies, 
and  the  proximity  of  the  great  Atlantic  area  of  low  pressure  cause  the  European 
storm  area  to  lie  closer  to  the  ocean  and  farther  north  than  the  American, 
but  the  general  relation  of  each  to  its  continent  seems  similar.  The  smaller 
storm  area  in  north  Italy  seems  to  correspond  equally  well  with  the  American 
area  centering  in  Ck)lorado.  The  resemblance  becomes  particularly  striking  if 
the  dotted  American  area  is  compared  with  the  corresponding  European  area 
determined  on  the  same»  basis  of  a  southward  increase  in  storminess.  Just 
as  the  American  area  extends  from  San  Francisco  to  Chicago  in  a  curve  which 
is  concave  toward  the  north,  so  the  Ehiropean  area  extends  from  northwestern 
Spain  through  the  Alps  to  the  north  end  of  the  Caspian  Sea. 

Turning  to  the  eastern  side  of  Eurasia,  as  illustrated  in  figure  3,  we  do  not 
find  a  stormy  area  corresponding  to  that  of  eastern  Canada.  This  is  due  to 
the  large  size  of  Asia  and  to  the  great  strength  of  the  barometric  centers, 
which  repel  or  defiect  the  storms  both  in  summer  and  winter.  The  map  before 
us,  howevar,  is  very  imperfect  It  is  based  on  Dunwoody's  data  (16),  whose 
Asiatic  portion  was  of  necessity  scanty.  Perhaps  when  further  facts  are 
available  we  may  find  that  northeastern  Asia  is  the  seat  of  a  real,  though  un- 
important, storm  center.  Along  the  coast,  however,  Japan  presents  a  genuine 
and  unmistakable  center.  It  corresponds  closely  with  the  Atlantic  spur  in 
the  United  States,  and  the  correspondence  pertains  not  only  to  the  general  con- 
tinental location  of  the  two  stormy  areas,  but  to  their  shape.  Notice  how  the 
68436— 17—SBC  2 27 
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dotted  area  In  flsare  1  extends  northeastward  alons  the  Atlantic  coast  har- 
monkmsly  with  the  nortiieastward  tfoogatlon  of  the  Japanese  area  In  figore  4 
along  the  Pacific  ceast 


no.  t.— StonnlDMi  and  storm  tneks.  StormJntM  fai  four  gndtf:  No  stonns,  1-10  Motcn  per  jeir, 
11-ao  ceattn,  and  over  ao.  Solid  \bam  ut  ooiUrs  of  storm  Mts;  dottod  Unss  liypothotlMl  tnetait 
eeiit«8  of  belts. 

Taking  the  Northern  Hemiqdieie  as  a  whole,  it  seems  as  If  the  storms  were- 
primarily  concentrated  in  a  single  great  belt,  which  Is  interrupted  by  conti- 
nents and  mountaiiu^  but  is  on  the  whole  continuous.  This»  of  course.  Is  a 
ftict  universally  recognized.  I  would  add  to  it  a  suggestion  of  another  aort 
The  two  spurs  of  storminess  in  the  United  States  and  the  two  isolated  areas 
in  Italy  and  Japan  suggest  that  possibly  there  is  also  a  more  southerly  belt 
At  present  it  is  not  continuous.  Its  storms  are  usually  drawn  into  the  main 
belt  Tet  a  certain  number  of  American  storms  follow  it  in  their  whole  course 
across  the  continent  In  Europe  also  a  certain  numb^  of  Mediterranean  storms 
seem  to  escape  the  attraction  of  the  main  storm  belt  and  continue  across  Syria 
to  northern  India.  This  at  least  is  the  conclusion  drawn  by  Wallcer  (17)  from 
a  study  of  the  relation  of  the  winter  rainfall  of  northern  India  to  that  of 
Persia,  Mesopotamia,  Syria,  and  the  Mediterranean  regions  as  far  west  as 
Malta.  Walker  gives  the  following  correlation  coefficients  between  the  rainfall 
of  December  to  March  In  northwestern  India  and  November  to  March  In  the 
places  farther  west  The  second  set  of  figures  gives  the  coefficients  when  snow 
as  well  as  rain  Is  considered : 

Bushlre  (20  years) +0. 80  +0. 28 

Teheran  (18  years) -f  .21  H-  .82 

Iq;>ahan  (20  years) ^ H-  .10  +  .18 

Bagdad  (19  years) +  .22  -f  .12 
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Over  all  these  places  the  storms  that  finally  reach  northwestern  India  are 
known  to  pass  in  winter.  Farther  west,  beyond  the  Syrian  Desert  in  which  no 
meteorological  records  are  available,  the  correlation  coefficients  with  northern 
India  in  winter  are  as  follows : 

Beirut  (84  years) +0.27    +0.44 

Smyrna  (15  years) +  .43    +  .47 

Malta  (27  years) +  .27    +  .28 

It  will  be  noticed  that  not  only  are  these  all  plus,  like  the  others,  thus  indi- 
cating an  agreement,  but  they  are  larger  than  the  others,  which  indicates  that 
the  rainfall  of  the  eastern  Mediterranean  agrees  with  that  of  northern  India 
more  closely  than  does  that  of  Persia.  Two  places  in  southern  Palestine  give 
the  following  coefficients  for  rain  and  snow  together,  but  they  are  based  on 
records  of  too  short  duration  to  be  of  much  significance : 

El  Anthroun  (near  Jaffa)  (8  years) +0.10 

Hebron  (14  years) —  .02 


Fio.  4«— Ayerago  stomiliieaB  of  niiM  yean  of  suiMpot  mixJma  oompared  with  tw«lT«  ywrs  of  nm- 
spot  minima  betweon  1877  and  1912.  The  minus  sign  indJcatea  tbat  the  nmnber  of  ttonni  wai 
less  at  times  of  son-spot  maxima  than  at  times  of  smi-spot  minima. 

Hebron,  in  the  very  southern  part  of  Palestine,  appears  to  be  the  only  one 
of  these  stations  which  lies  outside  the  zone  wherein  the  storminess  of  Malta 
passes  eastward  to  northern  India. 

In  further  proof  of  his  thesis  Walker  states  that  "  a  striking  example  of  the 
continuity  of  the  winter  conditions  of  southeastern  E}uroi)e  and  northwestern 
India  was  affordedin  1893  which  equals  1907astho  severest  winter  on  record  In 
northwestern  India.  The  snowfall  of  .\fprhanlstan  and  the  western  Himalayas 
was  the  heaviest  known,  and  there  was  a  general  fall  of  snow  in  the  plains  of 
Rawal  Plndi  and  the  Hazara  districts.  The  month  of  January  was  the  wettest 
since  1869  In  Malta  and  was  extraordinarily  severe  In  Austria,  southeastern 
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Borope  and  Rossia;  while  on  the  2d  of  February  there  was  a  snowfall  that 
-wvered  the  Nefnd  (in  central  Arabia)  with  snow  to  a  depth  of  several  indies.** 

Walker's  final  condnsion  is  that  seven  ont  of  every  ten  dlstnrlwnces  which 
affect  northwestern  India  from  December  to  April  come  from  southern  Europe. 
In  dry  years  the  disturbances  take  a  more  northerly  course. 

The  significance  of  this  conclusion  lies  in  the  fact  that  it  indicates  that  in 
Kurasla,  as  in  North  America,  there  is  a  tendency  at  certain  times  toward  the 
development  of  a  connection  between  the  subsidiary  storm  centers  in  the 
southern  parts  of  the  continents.  In  America  the  topography  permits  a  com- 
plete connection.  In  Burasia,  the  size  of  the  continent  as  well  as  the  lofty 
Himalayas  and  the  Burmese  Mountains  prevent  this,  but  if  the  storms  which 
pass  from  the  Mediterranean  to  northern  India  were  intense  enougti,  it  seems 
highly  probable  that  they  would  keep  on  eastward  until  they  merged  with 
the  Japanese  storm  center. 

THS  BBHAVnMl  OF  STOBM  TRACKS  OUUNG  SUIf-SPOl   MAXIMA  AND  MINIMA 

The  next  point  for  consideration  is  the  location  of  storms  at  times  of  maxi- 
mum versus  minimum  sun-spots.  This  is  illustrated  by  the  heavy  dotted  and 
dash  lines  in  figure  1.  These  indicate  the  crests  or  central  lines  of  the  main 
storm  belt  and  of  the  subsidiary  southern  ridges  or  spurs.  The  dotted  lines 
show  the  position  at  times  of  sun-spot  minima  and  the  dash  lines  at  maxima. 
They  are  Imsed  on  the  study  of  profiles  such  as  were  described  above. 
From  each  profile  the  location  of  the  crests  or  shoulders  in  each  longi- 
tude has  been  inserted  on  the  map  and  the  corresponding  points  have  been  con- 
nected. Thus  in  figure  1  the  heavy  dotted  lines  represent  the  location  of  the 
crests  of  the  northern  or  lK>real  storm  belt  and  of  the  southern  or  subtropical 
belt  at  times  of  minimum  sun-spots,  while  the  heavy  dash  lines  indicate  the  loca- 
tion of  the  crests  at  times  of  maximum  spots.  The  exact  distance  by  which 
the  dotted  and  dash  lines  should  be  separated  can  not  be  determined  in  many 
cases,  for  it  is  less  than  2}*",  which  is  the  unit  of  measure.  There  is  no  question, 
however,  as  to  the  ^lative  position.  Except  where  the  two  lines  practically 
coalesce,  there  is  a  distinct  and  unmistakable  difference  between  the  positions 
of  the  crest  lines  at  times  of  maximum  and  minimum  spots.  This  difference 
indicates  that  at  times  of  sun-spot  minima  the  storms  tend  to  move  in  paths 
lying  relatively  toward  the  interior  of  the  country,  while  at  solar  maxima  the 
storms  are  pushed  outward  on  all  sides,  as  if  by  an  area  of  high  pressure  in 
the  Central  States.  Furthermore,  it  is  noticeable  that  at  times  of  solar 
inaximu  the  subtropical  belt  of  storms  not  only  tends  to  increase  in  intensity, 
as  has  been  shown  elsewhere,  (3)  but  to  become  more  nearly  continuous  and  to 
assume  a  slightly  double  form  in  the  arid  regions  of  the  American  southwest. 

The  tendency  for  stormlness  to  decrease  In  the  central  United  States  and  In- 
crease in  the  peripheral  regions  at  times  of  sun-spot  maxima  is  illustrated  In 
another  way  in  figures  4  and  5.  There  the  stormlness  of  the  United  States  and 
southern  Canada  at  times  of  many  sun-spots  is  compared  with  the  stormlness  at 
times  of  few  spots.  The  heavy  shading  in  figure  5  indicates  that  more  storms 
pass  at  sun-spot  maxima  than  at  minima  and  the  light  shading  the  reverse.  Tlie 
meaning  of  the  map  Is  clear.  At  times  of  many  spots  a  band  of  increased  storm- 
lness extends  across  southern  Canada,  while  another  extends  across  our  south- 
western States  to  the  Gulf  of  Mexico,  where  It  Is  almost  broken  in  two,  and  then 
out  Into  the  Atlantic  Ocean,^  where  It  again  becomes  more  Intense.  In  general 
the  Increase  of  rainfall  occurs  beyond  the  dash  lines  which  In  figure  1  show 
the  centers  or  crests  of  the  stormy  areas  at  sun-spot  maxima.  Inside  those 
lines — ^that  Is,  toward  the  continental  interior  of  the  United  States— there  Is  a 
decrease  of  storms. 
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Fio.  ft.— etcrmlniif  in  North  Amtfiea  at  tun-spot  maslmft  and 
greater  ttormtnen  at  nin-cpot  maxima  in  grades  of  M%.    Light 
grades  of  19%. 


Hsary  shading  indicates 
Indioates  the  rererse  in 


Fio.  «. 


-Rainfall  of  Knrope  at  sun^pot  maxima  and  minima.    Heovy  sbading  indicates  more  rain- 
fall at  sun-spot  maxima,  and  light  the  rererM. 


Iq  Europe  we  can  not  yet  prepare  a  satisfactory  map  of  storminess  like  figure 
5  for  North  America,  but  we  can  construct  an  approximate  map  of  rainfall, 
figure  d.  The  method  of  preparing  tliis  map  is  lilce  that  of  figure  5,  except  that 
rainfall  instead  of  storms  is  used.  During  the  period  for  which  records  are 
available,  which  is  50  years  where  Hellman's  data  have  been  used  and  some- 
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what  less  where  the  data  of  the  Russian  Meteorol<>glcal  Service  have  been  em- 
ployed, the  three  years  of  maximum  spots  in  each  cycle  and  the  three  of  mini- 
mum are  taken.  Then  the  annual  avorage  for  all  the  maximum  and  minimum 
years,  respectively,  Is  found,  and  the  two  are  compared  in  percentages  of  the 
normal  rainfall.  For  instance,  the  figure  —6  at  Paris  means  that  the  average 
rainfall  of  all  years  of  maximum  spots  during  the  60  years  of  Hellman*s  record 
was  less  than  the  average  for  all  the  minimum  years  by  6  per  c«it  of  the 
normaL  Evidently  the  conditions  In  Europe  are  similar  to  those  in  America. 
When  suuHBpots  are  numerous  the  general  tendency  is  for  the  rainfall  to  increase 
in  the  subtropical  and  desert  parts,  with  the  exception  of  the  Caucasus,  and 
Also  to  increase  in  a  belt  on  the  northern  side  of  the  continent  Judging  from 
Walkar*s  conclusions  the  increased  rainfall  of  the  Mediterranean  region  extends 
across  Persia  to  northern  India.  The  central  part  of  Europe,  on  the  contrary, 
like  the  central  part  of  the  United  States,  eiqcteriences  diminished  rainfall  at 
times  of  many  sun-flpots. 
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Fio.  7.— Freqnenoy  of  barometric  lowi  akmff  lOOCh  meridian.  After  Aro- 
towskl  (Monthly  Weather  Review,  August,  1915,  with  addition  of  latitude 
flguna  at  top),  p.  886,  fig.  •. 

We  tiave  seen  that  storminess  is  more  frequent  at  times  of  many  sun-spots 
than  at  times  of  few.  We  have  also  seen  that  the  change  between  times  of 
minima  and  maxima  consists  of  an  outward  shifting  of  the  storm  tracks  toward 
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the  p^ph«ral  parts  of  the  United  States  when  sun-spots  become  numerous. 
The  next  question  is  whether  this  shifting  pertains  to  the  entire  year  or  only 
to  cntain  seasons.  Arctowskl  (14)  has  recently  made  a  study  of  this  matter. 
Figure  7  sums  up  a  part  of  his  conclusions.  The  curyes  represent  the  num- 
ber of  storm  centers  that  crossed  the  one  hundredth  meridian  during  the  81 
years  from  1888  to  1918.  The  height  of  each  curve  at  the  left  indicates  the 
numl>er  of  storm  centers  crossing  the  meridian  between  latitudes  60*  and  55* ; 
the  height  where  the  second  line  from  the  left  is  crossed  indicates  the  storms 
crossing  the  meridian  in  latitude  45*  to  60*,  etc  The  Roman  numerals  indi- 
cate the  months,  while  T  stands  for  the  year  curve  or  average  for  12  months. 
The  one  hundredth  meridian,  it  will  be  rememl)ered,  passes  through  western 
Kansas  and  intersects  the  southwestern  spur  of  storminess  (fig.  1)  which  cor- 
responds to  the  Italian  storm  area  in  Europe. 
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Fio.  8.— Freqiiflncy  of  baromttrfo  lows  along  100th  meridian  in  yeara  of  many  and  few 
sun  tpota.    (Rei^rodiieed  from  Weather  Ravlew,  Angtvt,  1916,  p.  386,  Sg.  7.) 

Examining  the  curves  of  figure  7  we  see  that  in  July  (marked  VII)  there  is 
a  fairly  unifona  decrease  of  storminess  from  a  maximum  of  70  centers  in  31 
years  between  latitudes  50*  and  55*  to  practically  none  in  latitudes  25*  to 
85*.  By  December  (curve  XII)  a  change  has  appeared.  In  the  northern  lati- 
tudes, where  storminess  is  at  a  maximum,  the  storm  centers  for  31  years 
number  over  90.  The  number  decreases  to  about  35  between  latitudes  40* 
and  45*,  rises  to  a  secondary  maximum  of  about  48  in  latitudes  35*  to  40*. 
and  falls  to  24  in  latitudes  25*  to  30*.  In  April  the  December  features  are 
still  further  developed.  The  most  northerly  latitudes  have  a  total  of  only 
48  centers,  while  in  latitudes  35*  to  40* — that  is,  in  Kansas  and  Oklahoma — 
the  number  rises  to  80,  so  that  that  region  then  becomes  almost  as  stormy  as  is 
southern  Canada  in  midwinter.  The  meaning  of  the  whole  series  of  curves  is 
that  the  two  belts  indicated  in  figure  1  and  appearing  in  the  lower  or  year 
curve  of  figure  7  at  a  and  h  do  not  persist  throughtout  the  year.    The  norUiem 
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<Mr  bovod  belt,  •  in  flsure  7,  Is  stroos  in  Jolj  and  so  contiiuies  till  Deoonber, 
iNit  wcftkens  at  tbe  end  of  winter  and  aliMMt  diaappears  In  tte  ifirlns.  The 
subtropical  bdt  (»  in  tbe  flsnre)  does  not  appear  In  July,  bas  developed  teintly 
in  December,  and  Is  nnicfa  more  Important  than  its  northern  mmrade  in  AprIL 
Let  OS  see  what  Arctow8ki*s  data  stftow  as  to  tlie  relative  Importance  of  the 
two  belts  in  times  of  manj  snd  few  sun-spots.  On  tlie  left  of  flgore  8 
Arctowski  bas  plotted  carves  showing  the  stormlnesB  in  different  latitodes 
along  the  100th  meridian  in  three  jears  ot  wsTlmnni  snn-spoCa.  All  three 
show  a  strong  development  ot  botti  the  boreal  and  snbtropical  betta,  as  indicated 
bjr  the  height  of  the  cnnrei  In  latttnde  50*  to  55*,  and  by  the  secondary  maxi- 
mom  in  hUitode  85*  to  40*.  On  the  right  of  this  llgnre  Arctowski  bas  plotted 
three  ODTves  for  years  of  mlBimiim  snn-spots.  In  two  of  theae^  1001  and  1018, 
tliere  is  a  clearly  defined  tendency  to  develop  only  one  belt  In  1880  both 
bdts  are  visible,  bnt  are  not  sharply  differentiated,  and  the  crest  of  the  boreal 
bdt  is  futber  soath  than  In  the  corves  for  years  of  wsTlmnni  spots. 


J«n     Feb     Mar     Apr    Hsy  Jime  July    Aug    Ss^t  Oct     Itov     Doc     Jsn 
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In  ordor  to  bring  oat  more  clearly  tlie  vsriations  in  storminess  by  months 
at  times  of  many  and  few  san-spota*  I  have  drawn  flgore  0  fkxmi  Arctowski's 
Table  4  (14).  In  preparing  flgore  0  allowance  has  been  made  for  the  differing 
lengths  of  the  months,  and  the  resnlts  have  been  smoothed  by  the  formula 

4 
aH-2b+c 

The  solid  line  r^resents  the  total  nomber  of  storms  per  month  that  crossed 
the  hondredth  meridian  in  all  latitudes  acccMtling  to  the  diarts  of  the  United 
States  Weather  Bureau  during  nine  years  of  son-spot  msYima.  The  dotted 
line  represents  the  total  number  of  storms  crossing  the  same  ma*idian  during 
nine  years  of  sun-spot  minima.  The  meaning  Is  dear.  In  midwinter  and  mid- 
summer the  diffa«nces  in  the  sun  make  no  particular  difference  in  the  degree 
of  storminess  in  this  longitude.  In  the  fall,  however,  and  still  more  in  the 
spring,  storminess  is  greater  at  times  of  many  sun-spots.  If  different  latitudes 
ore  considered  separately,  instead  of  all  being  grouped  together  as  in  figure  0, 
it  i^penrs  that  at  times  of  many  sun-spots  the  strengthening  of  the  boreal 
storm  belt  occurs  chiefly  in  the  winter  from  January  to  Mardi  and  in  the 
summer  and  fail  from  July  to  November.  The  subtropical  belt,  on  the  other 
hand.  Is  strengthened  chiefly  in  December  and  in  April  and  May.  In  otho* 
longitudes  the  seasonal  distribution  of  dianges  in  stcHrminess  is  somewhat  dif- 
ferent, and  there  is  urg^it  need  of  mi^Ni  showing  the  contrast  between  the 
conditions  at  sun-q>ot  maxima  and  minima  over  the  whole  country  for  each 
month  in  the  year  and  for  two  w  three  individual  sun-^iot  cydes.  Enough 
Is  now  known,  however,  to  make  it  dear  that  although  the  terrestrial  responses 
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to  solar  varlatioiui  are  highly  complex,  they  follow  definite  laws  and  In  spite 
of  minor  modifications  repeat  thmns^ves  In  eadi  son-spot  cyde. 

The  general  conclusions  to  be  drawn  from  the  studies  thus  far  outlined 
In  this  paper  may  be  stated  as  follows :  Increased  stormlness  and  a  concentra- 
tion of  stormlness  in  certain  areas  at  times  of  maximum  and  minimum  sun- 
fspotM  seem  to  account  for  a  large  part  of  the  variations  in  climate  from  year 
to  year  In  North  America  and  Burc^ie.  These  conditions  also  seem  to  account 
for  the  ai^Mirent  contradictions  between  expectation  and  tact  which  have 
hitherto  proved  such  an  obstacle  to  all  solar  hypotheses  of  dlmatlc  variations. 
In  both  North  America  and  Burasla  there  are  evidences  of  a  double  storm  belt 
The  two  belts  tend  to  coalesce  at  times  of  few  sun-spots  and  to  beconle  more- 
distinct  and  sharply  differentiated  when  sun-spots  are  numerous.  At  such 
dmes  the  northern  or  boreal  belt  Is  on  the  whole  most  strengthened  in  the 
winter  and  summ^,  while  the  subtropical  belt  is  eq>edally  strengthened  In  the^ 
spring  and  to  a  less  extent  at  the  beginning  of  winter;  that  Is,  at  the  two  enda 
of  the  rainy  season  in  places  where  the  Mediterranean  type  of  rainfall  prevails. 

THS  STOBHIlfISS  OF  THB  FOUBTBBNTH  CBNTXJBY. 

Let  us  now  turn  from  the  present  to  the  past,  and  see  how  the  variations  of 
our  own  time  within  the  solar  cyde  compare  with  those  of  the  latest  large  dl- 
matlc fluctuations.  Let  us  briefly  summarize  certain  facts  which  are  fully 
set  forth  elsewhere .  (8)  and  add  to  them  certain  new  facts  which  reenfcnrce- 
the  original  conclusion.  Many  lines  of  evidence  indicate  that  the  fourteenth 
century  was  the  culmination  of  a  time  of  unusual  climatic  stress.  For  instance, 
Norlind  (19),  Pettersson  (2),  and  others  show  that  northwestern  Burope  was 
then  afflicted  with  floods  and  droufi^ts  of  unusual  severity  whose  like  has  not 
since  been  experienced.  Norlind  says  that  *'the  only  authentic  accounts*'  of 
the  complete  freezing  of  the  Baltic  in  the  neighborhood  of  the  Kattegat  are  in 
the  years  1296,  1806,  1828,  and  1408.  Of  these  1296  is  *'  much  the  most  uncer- 
tain'*, while  1828  was  the  coldest  year  ever  known,  for  horses  and  sleighs, 
crossed  regularly  from  Sweden  to  Germany  on  the  ice.  During  the  same  gen- 
eral period  great  storms  lashed  the  coasts  of  the  North  Sea  and  broke  down 
the  coastal  barriers  of  dunes  that  had  previously  inclosed  such  areas  as  the 
Zuider  Zee,  which  finally  became  a  part  of  the  North  Sea  toward  the  end  of 
the  thirteenth  century.  Bverything  seems  to  indicate  that  at  this  time  the^ 
climate  was  more  continental  than  now,  and  the  storms  more  severe. 

Far  away  to  the  east  Brfickner's  (20)  study  of  the  (Caspian  Sea  shows  that 
it,  too,  was  subject  to  great  fluctuations.  In  1306-7  the  Caspian  Sea  (21), 
after  rising  rapidly  for  some  years,  stood  87  feet  above  the  present  datum  level. 
Still  farther  to  the  east  in  the  very  heart  of  Asia  between  the  years  1308  and 
1311  there  ocurred  a  phenomenal  rise  of  the  inclosed  lake  of  Lop-Nor,  which, 
overflowed  its  banks  and  overwhelmed  the  so-called  Dragon  Town. 

Turning  to  a  region  of  similar  climate  in  the  Western  Hemisphere  we  find 
that  in  the  Sierra  Nevada  Mountains  the  great  sequoia  trees  grew  slowly  dur- 
ing the  thirteenth  century,  as  appears  in  figure  10,  but  about  1280  their  rate  of' 
growth  began  to  increase  rapidly,  and  continued  to  accelerate  until  about 
1840  (22). 

East  of  the  Sierra  Mountains  another  important  line  of  evidence  indicates 
that  the  fourteenth  century  was  a  time  of  unusually  severe  storms.  Owens 
Lake  is  an  Inclosed  body  of  salt  water,  undrinkable,  but  not  particularly  saline 
in  comparison  with  many  other  salt  lakes.  It  receives  most  of  its  water  from 
Owens  River.  Much  of  the  river  water  is  now  diverted  to  Los  Angeles  by  the^ 
great  Owens  River  aqueduct    Because  of  this  the  lake  and  river  have  been. 
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measured  and  aoalyaed  with  uauaual 
care.  Gale  (23)  h4s  made  a  study  of 
ihe  length  of  time  required  to  accumu- 
late the  salts  oow  contained  in  the 
water;  that  is,  the  time  since  tlie  lake 
last  overflowed.  He  concludes  that  the 
sodium  now  present  would  have  ac- 
cumulated in  3,500  years  if  brought 
in  by  tlie  portion  of  the  Owens  River 
above  the  point  where  the  water  is 
taken  out  by  the  aqueduct,  while  the 
chlorine  would  require  4,200  years. 
No  allowance  is  made  for  possible 
deposition,  nor  for  the  greater  amount 
of  salt  which  must  have  been  brought 
by  the  water  when  its  volume  was  suffi- 
cient to  expand  the  lake  to  two  and 
a  half  times  its  present  size  and  cause 
It  to  overflow.  Moreover,  no  account 
is  taken  of  the  possible  salt  derived 
from  the  lower  third  of  the  drainage 
area  where  the  most  abundant  saline 
deposits  are  found.  Theref6^  in- 
stead of  a  period  of  about  3,800  years — 
the  average  of  8,000  and  4^200— 4t 
seems  necessary  to  reduce  Gale*s  figure 
to  not  much  more  than  2,000.  This 
period  represents  apparently  the  time 
since  the  lake  last  overflowed  through 
the  old  outlet,  which  is  still  well  de- 
fined, and  thus  kept  itself  fresh. 

During  the  2,000  years  more  or  less 
that  the  lake  has  been  without  an 
outlet  it  has  fall^  about  190  feet, 
and  Its  area  has  diminished  to  about 
40  per  cent  of  what  it  was  at  the  be- 
ginning. Such  a  diminution  seems  to 
represent  an  Important  climatic  change. 
As  the  lake  has  fallen  it  has  formed 
II  series  of  beaches,  varying  greatly 
in  size  and  character.  The  lake  Is 
located  only  about  50  miles  from  the 
sequoia  trees,  whose  rate  of  growth 
for  over  3,000  years  is  illustrated  in 
figure  10.  The  same  main  climatic 
fluctuations  must  have  occurred  In 
both  placed.  This  makes  it  possible 
to  date  the  beaches  of  the  old  lake.  At 
the  top  come  a  series  which  apparently 
belong  to  the  period  of  increasing  arid- 
ity from  the  time  of  Christ  to  the  sev- 
enth century.  (See  fig.  10.)  A  series  of 
alluvial  fans  furnish  evidence  that  dur- 
ing the  succeeding  dry  period  the  lake 
fell  to  a  low  level.    Then  It  rose  again 
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4Lnd  formed  a  series  of  beaches  whose  highest  member  appareutly  dates  from  the 
wet  period  about  1000  A.  D.,  while  a  smaller  one  seems  to  belong  to  a  slightly 
later  time.  These  beaches  are  mild  in  character,  not  strongly  marked,  and  with- 
out much  evidence  of  great  wave  action.  The  big  trees  in  the  neighboring  Sierra 
Mountains  were  able  to  grow  rapidly  because  of  abundant  moisture,  but  as  yet  no 
evidence  has  been  adduced  to  show  that  the  storms  were  particularly  severe. 
After  the  beaches,  dating  from  about  1000  A.  D.,  there  is  another  break  indicating 
low  water.  Then  comes  a  peculiarly  well-defined  beach  with  abundant  pebbles 
upon  it,  and  with  the  sand  and  gravel  piled  into  a  high  ridge  as  if  by  powerful 
winds  and  waves.  The  beach  is  so  different  from  those  above  or  below  that  even 
the  novice  notices  it  The  most  satisfactory  explanation  seems  to  be  that  at 
the  time  of  its  formation  storms  of  peculiar  severity  prevailed.  The  date 
appears  to  be  the  early  part  of  the  fourteenth  century,  when  the  neighboring 
sequoia  trees  made  their  sudden  spurt  A  few  later  beaches  lie  at  lower  levels. 
i>ut  none  suggests  such  force  of  wind  and  wave.  Around  other  salt  lakes  this 
same  strong  beach  can  be  seen.  For  instance,  at  Pyramid  Lake  the  conditions 
are  almost  identical  with  those  at  Owens,  and  the  time  when  it  last  overflowed 
seems  to  be  essentially  the  same,  although  the  chemical  evidence  has  not  been 
worked  out  so  fully.  At  Mono  Lake  also  the  beach  of  the  fourteenth  century 
-can  be  recognized,  although  here  there  is  no  means  of  dating  it  exc^t  by  its 
relative  location  and  its  strongly  marked  character. 

Not  only  In  northwestern  Europe,  central  Asia,  and  the  southeastern  United 
States,  but  in  Greenland  and  Iceland,  evidences  of  great  climatic  severity  are 
particularly  abundant  and  strong  during  the  fourteenth  century.  Pettersson 
(2)  has  lately  discussed  the  matter.  He  shows  that  In  tbe  early  days  the 
Norsemen  coming  from  Iceland  followed  a  route  along  the  east  coast  of  Qreen- 
land  and  through  the  strait  north  of  Gape  Farewell,  and  so  around  to  the  west 
side*  where  all  the  settlements  were.  In  the  fourteenth  century,  however,  this 
route  was  blocked  by  ice  and  became,  as  it  is  now,  impassable.  Yarions  other 
lines  of  evidence  point  to  a  similar  conclusion  in  regard  to  Increased  climatic 
severity.  Many  of  the  old  Norse  ruins  now  lie  In  locations  Inacecnible  because 
of  the  advance  of  the  ice,  while  the  Eskimo  say  that  some  have  actually  been 
buried  by  glaciers.  The  agricultural  possibilities  and  the  capacity  ct  the 
country  for  stock  raising  now  appear  to  be  less  than  at  the  most  prosperous 
time,  not  far  from  1200  A.  D.  During  the  fourteenth  century,  according  to 
Pettersson,  the  climatic  stress  became  so  great  that  finally  the  Eskimo  were 
forced  out  of  their  home  in  the  North  and  came  down  and  ravaged  the  Norse 
settlements.  Succor  from  home  ceased  to  arrive  because  of  troubles  there,  and 
finally  the  Norsemen  were  exterminated. 

In  Norway  itself,  as  Pettersson  points  out  on  the  authority  of  the  historian 
Bull,  the  rigor  of  the  climate  at  this  time  produced  dire  results.  The  crops 
diminished  woefully  because  of  the  cold,  rainy  storms.  The  State  revenues  fell 
off  00  to  70  per  cent  Districts  that  had  formerly  raised  food  for  export  were 
forced  to  import  from  Qermany,  The  whole  country  fell  into  most  deplorable 
conditions  through  economic  distress.  In  England  similar  disasters  took  place. 
Land  which  had  been  wont  to  produce  12  bushels  of  wheat  on  an  average  now 
gave  only  8.  The  peasants  were  in  want;  the  landowners  were  greatly  dis- 
turbed at  the  decline  in  their  revenues.  In  many  cases  the  raising  of  grain 
was  so  unprofitable  that  fttrms  were  turned  Into  sheep  ranges,  and  the  peas- 
ants were  dispossessed  of  th^r  holdings.  All  these  things  indicate  that  the 
storminess  and  rainfall  increased  to  an  Important  degree. 

Let  us  now  compare  the  stormj  period  of  tiie  fourteenth  century  with  the 
stormy  periods  of  the  present    The  places  which  ftomlsh  evidence  as  to  the 


430       PB00BBDIN08  SECOND  PAN  AMBBIGAN  8CIBNTIFI0  CONGRESS. 

fourteenth  century  are  significant.  In  Burasia  the  evidence  comes  from  the 
northwest  or  else  from  the  deserts  of  the  interior.  In  America  it  comes  from 
the  northern  storm  belt,  on  whose  edge  Qreenland  is  located,  or  else  from 
the  southwestern  deserts.  These  are  the  areas  where  during  recent  decades 
storminess  has  shown  a  q;)ecial  tendency  to  increase  at  times  of  many  sun-spots. 
The  question  naturally  arises  whether  the  sun  was  unusually  active  in  the 
fourteenth  century.  Our  knowledge  of  sun-spots  previous  to  about  1750  is  ex- 
tremely limited.  Yet  Wolf  (24),  who  lias  made  an  exhaustive  study  of  the 
matter,  states  that  the  years  from  1370  to  1386  are  noted  for  sun-spot  maxima. 
As  Pettersson  (26)  points  out:  *'  So  long  a  period  of  maxima  liad  not  occurred 
since  the  end  of  the  fourth  century  (if,  indeed,  we  know  enough  about  that  early 
time  to  form  any  true  estimate),  and  Wolf  therefore  considers  that  an  absolute 
maximum  of  spots  occurred  about  1372.**  I  would«  not  press  this  rough  agree- 
ment between  an  apparent  period  of  increasing  spottedness  and  a  time  of 
special  climatic  stress.  Yet  it  at  least  furnishes  food  for  thought  Taken 
with  the  other  f^cts  presented  in  this  paper,  it  seems  to  suggest  that  there 
may  be  a  much  closer  connection  between  solar  and  terrestrial  variations  than 
has  commonly  been  realized.  The  problem  of  the  cause  of  climatic  instabil- 
ity is  pf  such  supreme  importance  both  in  our  interpretation  of  the  past  and  in 
the  development  of  the  scientific  and  economic  aq[)ect8  of  meteorology  that  every^ 
clue  to  Its  solution  deserves  the  most  careful  and  unprejudiced  investigation. 

UST  OF  BCFEBKNCIS. 

(1)  G.  G.  Abbott  and  F.  B.  Fowie:  Volcanoes  and  Cnimate.  Smiths.  Misc. 
Coll.,  vol.  00.    1918. 

W.  J.  Humphreys:  Volcanic  Dust  and  other  factors  in  the  production  of 
climatic  changes  and  their  possible  relation  to  Ice  Ages.  Bull'n  Mount  Weather 
Cbs.,  vol.  6,  part  I,  1913. 

(2)  O.  Pettersson:  Climatic  Variations  in  the  Historic  and  Prehistoric  pe- 
riod.    Stockholm,  1914. 

(8)  Bllsworth  Huntington:  The  Solar  Hypothesis  of  Climatic  Changes. 
Bull'n  of  the  Ceol.  Soc.  Am.,  vol.  25,  1914. 

(4)  Simon  Newcomb :  A  Search  for  Fluctuations  in  the  sun*s  thermal  radia^ 
tions  through  their  influence  on  terrestrial  temperature.  Trans.  Am.  Phil.  Soc. 
n.  a,  VOL  21.    1908. 

(5)  W.  Kttppen:  Luftteniperaturen,  Sonneflecken  und  VulcanausbrOche. 
Met.  Zelt.,  vol.  7,  1914. 

(6)  C.  G.  Abbott:  Science,  vol.  39,  1914,  p.  347. 

(7)  W.  J.  J.  See:  Newspaper  accounts. 

(8)  Henryk  Arctowski:  A  Study  of  the  changes  In  distribution  of  tempera- 
ture in  Europe  during  the  years  1900  to  1909.  Ann.  Am.  Acad.  Sci.,  vol.  24,  pp. 
39-113.    See  also  Arctowski's  article  in  the  present  publication. 

(9)  J.  Hann:  Kllmatologie,  vol.  1,  p.  359. 

(10)  C.  J.  Kullmer:  See  summary  of  work  in  no.  8  above. 

(11)  F.  H.  Bigelow:  Storms,  storm  tracks,  and  weather  forecasting. 
Weather  Bur.  Bull.    20.    1897. 

(12)  C.  J.  Kullmer:  See  p.  204  in  The  Climatic  Factor,  by  Ellsworth  Hunt- 
ington, with  contributions  by  Chas.  Schuchert,  A.  E.  Douglass,  and  C.  .7.  Kull- 
mer.   Pub.  192  of  Carnegie  Institution  of  Washington. 

(13)  J.  Hann:  Kllmatologie,  vol.  I. 

(14)  H.  Arctowski:  Monthly  Weather  Review,  vol.  48, 1915,  p.  886. 

(15)  E.  Huntington:  The  Solar  Hypothesis  of  Climatic  Changes,  Buirn  GeoK 
Geol.  Soc.  Am.,  vol.  25,  1914,  p.  668. 


ASTRONOMY,  MBTEOBOLOGY,  AND  SEISMOLOGY.  481 

(16)  U.  U.  C.  Dun  woody:  Summary  of  luternatloiial  Meterologlcal  Observa- 
tions, Weather  Bur.  BuU'n  A.    1807. 

(17)  O.  V.  Walker:  Memoirs.  Indian  Meterologlcal  Service,  vol.  21,  pt 
VIL    1913.    pp.  J -12. 

(19)  A.  Norllnd:  Das  Klima  der  hlstorlschen  Zelt.  Lunds  Unlversltets 
Arsskrlft.  N.  P.  Af d,  1,  Bd.  10,  1914,  68  pp. 

(20)  E.  Briickner:  Klimaschwankungen  seit  1700. 

(21)  B.  HunUngton :  The  Pulse  of  Asia.    1907,  p.  287.    844. 

(22)  B.  Huntington :  The  Cnimatlc  Factor.  Pub.  192  CSarnegle  Inst.  Wash. 
1914. 

(28)  H.^.  Oale:  Salines  in  the  Owens,  Searles,  and  Panamlnt  Basins,  South- 
eastern California.    U.  S.  Qeol.  Surv.  Buirn  58(^-L. 

(24)  For  a  summary  of  WolTs  work  see  H.  Fritz;  Zurich  Vierteljahrschrlft, 
VOL  88,  1893.    pp.  77ff. 

The  Chairman.  This  very  interesting  paper  is  now  before  you 
for  discussion. 

Mr.  NiPHER.  A  number  of  years  ago  I  made  a  determination  of  the 
total  rainfall  in  the  United  States  in  cubic  miles  during  one  sun-spot 
period;  but  what  we  undertook  to  do  was  to  give  equal  weight  to  all 
areas— that  is,  to  each  of  the  State&  There  were  many  placses  where 
there  were  few  stations  giving  the  total  rainfall  for  the  y«ar,  and 
values  were  interpolated  in  such  a  way  as  to  give  equal  weight  to  all 
parts  of  the  area,  and  the  result  was  tiiat  the  average  rainfall  of  the 
entire  United  States  during  that  period  was  1,308  cubic  miles  of  water 
per  year,  and  it  was  very  constant  from  year  to  year.  The  amount  of 
water  falling  on  the  State  of  Missouri  alone  was  within  1  per  cent  of 
the  amount  of  water  flowing  past  the  city  of  St.  Louis  in  the  Missis- 
sippi Biver,  showing  how  small  an  amount  of  water  there  is  that 
falls  on  the  earth  that  gets  into  the  rivers. 

I  wanted  to  say  in  particular  that  the  work  that  was  done  over 
that  short  interval  gave,  it  seemed  to  me,  very  impressive  evidence 
that  the  total  rainfall  is  at  the  maximum  when  sun-spots  are  most  in- 
frequent— that  is  to  say,  during  the  period  when  the  sun-spots  are 
che  least.  The  rainfall  was  the  greatest  at  that  time.  The  evidence 
is  not  conclusive.  It  ought  to  be  concluded.  I  think  that  work 
ought  to  be  continued;  and  it  seems  to  me  that  dealing  with  rainfall, 
and  also  with  temperature,  in  going  over  the  surface,  giving  equal 
weight  to  all  areas,  is  the  most  important  way  to  study  climate  and 
changes  of  climate. 

If  any  of  you  wish  to  have  that  paper  and  will  give  me  your  ad- 
dresses I  will  be  glad  to  send  it  to  you.  It  was  published  in  the 
transactions  of  the  Academy  of  Science  of  St.  Louis. 

The  Chairman.  I  will  now  call  for  the  next  paper,  "Influence 
of  the  Great  Lakes  upon  movement  of  high  and  low  pressure  areas,'' 
by  Prof.  H.  J.  Cox,  of  Chicago. 
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INFLUBNCB  OF  THE  6RBAT  LAKES  UPON  MOVEMENT  OF  HIGH: 
AND  LOW  PRESSURE  AREAS. 

By  HBNRY  J.  COX. 
Prof€M$or  of  Meteorology,  U.  8.  Weather  Bureau,  Chicago,  lU, 

nmoDucnoif. 

The  Great  Lakes  cover  an  area  of  about  98,000  square  miles,  and  there  are- 
water  surfaces  or  inland  lakes  in  the  interior  of  the  Lake  States  which  cover 
approximately  2,000  square  miles,  located  mainly  In  the  lower  Michigan  Penin- 
sula. The  total  water  surface,  therefore;  within  the  entire  region  amounts  to 
about  95,000  square  miles.  If  the  Michigan  peninsulas,  embracing  58,000  square 
miles,  and  that  portion  of  Ontario  which  is  about  the  size  of  upper  Michigan, 
and  which  is  almost  surrounded  by  Georgian  Bay  and  Lakes  Huron,  Erie,  and 
Ontario  were  eliminated,  there  would  be  a  complete  water  surface  reaching 
from  Duluth  on  the  northwest  to  the  Thousand  Islands  on  the  east 

The  Great  Lakes  are  never  entirely  frox^i  over,  thmre  being  a  variable 
quantity  of  ice  on  the  surface  in  the  winter  season,  depending  upon  the  severity 
of  the  weather.  Possibly  Lake  Superior  has  been  frozen  over  for  a  short  time 
cnce  or  twice  in  the  past  50  years,  but  there  is  no  absolute  proof  as  to  this. 
Steamboat  lines  maintain  navigation  across  Lake  Michigan  during  the  winter 
season,  and  occosieoally  boats  have  been  froeen  in  for  Uoiited  periods  in  mid- 
winter. The  ice  in  variable  amounts  moves  with  the  wind  from  west  to  east 
and  from  north  to  south*  banking  up  on  one  shore  or  another,  but  the  middle 
of  this  lake  is  generally  free  of  ice. 

imcpnATUiuD  isr  ah  aivd  watki  in  thk  qseat  lakes  umion. 

A  comparison  made  at  Chicago  between  the  lake  temperature  observed  at 
the  2-mile  crib  24  feet  below  the  surface  and  the  air  temperature  for  a  period 
of  10  years,  from  1902  to  1911,  inclusive,  shows  that  the  mean  air  temperature 
was  higher  than  the  mean  water  temperature  from  late  in  February  until 
October.  Through  the  latter  month  and  through  most  of  November  thm'e  was 
very  little  difference,  the  air  temi;>erature,  however,  steadily  declining  until  the 
1st  of  February,  while  the  water  temperature  reached  its  minimum  of  32*"  by 
January  1.  The  maximum  air  temperature  occurred  In  July,  while  that  of  the 
water  was  recorded  about  August  1.  The  means  of  the  air  and  water  tempera- 
tures for  the  various  months  and  the  departures  of  the  mean  air  temperatures 
from  those  of  the  water  were  as  follows,  as  shown  in  Weather  and  Climate  of 
Chicago  (Cox  and  Armington) : 
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The  table  indicate  that  February,  with  a  difference  of  7*  was  the  month  In 
which  the  air  tempekrature  averaged  the  lowest  as  compared  with  the  water 
temperature,  while  the  ^£;rea test  positive  difference,  9',  occurred  in  May.  These 
figures  represent  average*^  values  only,  of  course.  The  diurnal  change  in  water 
temperature  is  small,  whilve  that  of  the  air  away  from  the  water  surface  is 
relatively  large.    The  differi>nces  between  the  maximum  temperatures  of  the 
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air  and  water,  especially  In  the  month  of  May,  are  great,  when  the  temperature 
of  the  water  ranges  from  40*  to  50*",  and  the  maximum  air  temperatures  often 
ezoeed  80*  and  sometimes  even  90*.  So  the  differences  between  the  minimum 
temperatures  of  the  air  and  water  in  the  wintertime  are  correspondingly  great 
hot  in  the  opposite  direction.  This  comparison  should  serre  roughly  for  other 
portions  of  the  Great  Lakes  region  also,  although  the  individual  values  would 
vary. 

Air  moving  over  a  great  expanse  of  water  tends  to  acquire  the  temperature 
of  that  surface;  If  warmer,  the  air  will  lose  a  portion  of  its  heat  to  the  water 
by  conduction  and  radiation ;  if  colder,  it  will  receive  a  portion  of  the  water's 
heat  by  the  same  method.  The  specific  heat  of  air  with  an  average  relative 
humidity  of  65  to  70  per  cent,  being  less  than  one-quarter  that  of  water,  the 
Interchange  of  heat  Just  mentioned  will  result  in  a  larger  change  of  air  tem- 
perature than  of  water  temperature.  The  air  lying  over  the  Great  Lakes 
usually  differs  materially  in  temperature  from  the  air  over  the  land  at  a  dis- 
tance, although  the  influence  of  the  lakes  affects  the  temperature  of  the  air- 
for  a  considerable  area  in  surrounding  sections.  This  Influence  doubtless  modi- 
fies the  movement  of  storm  areas  to  a  certain  extent,  and  we  will  now  endeavor 
to  define  the  relation. 

MOVEMENT  OF  HIGH  AND  LOW  PBES8UBE  ABBAS. 

From  the  forecaster's  standpoint,  the  subject  of  movement  of  areas  of  high 
and  low  barometer  is  most  important  The  causes  of  the  variations  fix>m  the 
normal  direction  and  velocity  are  many,  and  not  all  are  agreed  by  any  means 
upon  the  essential  factors  controlling  storm  movement.  These  areas  are  car- 
ried along  with  the  general  circulation  of  the  atmosphere,  which  in  the  United 
States  north  of  parallel  80*  is  from  west  to  east,  highs  pointing  mostly  to  south 
of  east,  and  lows  to  north  of  east  The  configuration  of  the  country  is,  of 
course,  important,  as  regards  the  movement  of  high  and  low  pressure  areas, 
but  of  this  we  will  not  speak  further  to-day. 

Generally  speaking,  areas  of  high  and  low  pressure  take  the  paths  of  least  re- 
sistance, and  naturally  low  pressure  areas  tend  to  move  toward  the  places  of 
lowest  pressure,  usually  the  track  leading  toward  a  permanent  low,  provided 
this  lies  to  the  east  Thus  we  have  all  storm  tracks  in  this  country,  whether 
from  the  West,  Middle  West,  Southwest  or  South,  leading  toward  the  low- 
pressure  area  off  the  North  Atlantic  coast  which  doubtless  is  a  part  of  th( 
great  Icelandic  low.  On  the  other  hand,  the  highs  move  toward  the  Southeast 
to  Join  with  the  Bermuda  high,  so  called,  which  lies  in  the  permanent  high  in 
the  North  Atlantic  at  about  parallel  80*  to  85*.  The  majority  of  the  highs  that 
take  even  the  northern  route  later  settle  southward  over  the  Middle  or  South 
Atlantic  States.  (See  fig.  1,  mean  tracks  of  highs  and  lows  across  the  United 
States.)  While  these  Indicate  approximately  the  normal  tracks,  Individual 
highs  and  lows  vary  in  their  movement  quite  widely,  as  we  shall  see. 

It  is  well  known  that  the  direction  and  rate  of  movement  of  a  low  is  largely 
controlled  by  the  surrounding  barometric  pressure,  the  low  moving  rapidly  if 
the  pressure  In  Its  rear  is  high  and  relatively  low  in  its  front  and  slowly  if  the 
opposite  conditions  prevail.  Mr.  E.  H.  Bowie  in  a  paper  entitled  "  The  relation 
between  storm  movement  and  pressure  distribution,**  Monthly  Weather  Re- 
view, February,  1906,  Washington,  D.  C,  discusses  the  subject  of  pressure  dis- 
tribution and  works  out  a  system  for  determining  the  direction  and  rate  of 
storm  movement  that  has  some  valua  There  are,  of  course,  additional  factors 
of  a  varying  character,  especially  heat  and  moisture,  and,  as  a  consequence,  il 
is  not  possible  to  apply  any  hard  and  fsst  rule. 
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The  question  of  temperature  also  has  a  most  important  bearing  upon  the 
movement  of  high  and  low  pressure  areas.  This  is  not  only  because  heat  la 
necessary  for  storm  development  and  maintenance,  but  also  because  temperature 
is  a  factor  of  existing  pressure  conditions,  the  barometer  being  higher  or  lower, 
•dQ;>endlng  upon  whether  It  is  cold  or  warm.    If  It  is  cold  there  is  a  d^resslon 


of  the  Isobaric  surfaces,  at  least  near  the  ground  or  water,  and  if  it  is  warm 
there  is  a  doming  up  of  these  surfaces.  In  the  former  case  the  air  aloft  fills  In 
the  depression  and  causes  greater  pressure  over  the  area,  Just  as  in  the  warm 
area  the  air\aboye  the  domed  Isobaric  surfaces  flows  away,  diminishing  tli^ 
pressure. 
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NOBMAL  ISOBABS  FOB  THE  UNITED  STATES. 

In  this  connection  it  is  well  to  consider  the  monthly  normal  barometric  pres- 
)>ure  over  the  United  States  and  Canada  for  the  various  months  of  the  year. 
The  character  and  position  of  the  subpermanent  highs  and  lows  change  from 
month  to  month,  as  the  temperature  over  the  land  Is  higher  or  lower  than  over 
the  adjacent  water  surfaces,  or  largely  so  at  least 

The  maps  used  In  the  forecast  work  of  the  United  States  Weather  Bureau, 
showing  the  normal  barometric  pressure  at  8  a.  m.,  seventy -fifth  meridian  time. 


will  serve  for  purposes  of  Illustration.  The  isobars  are  drawn  for  each  0.02 
inch  of  pressure  reduced  to  sea  level  Instead  of  the  usual  one-tenth  of  an  inch, 
in  order  to  emphasize  the  variations. 

In  figure  2  the  normal  8  n.  m.  pressure  for  January,  the  high  in  the  Southeast 
Is  found  centered  entirely  within  the  confines  of  the  country,  as  the  air  ove* 
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the  land  is  then  colder  than  that  over  the  water  in  the  same  latitude.  From  the 
North  Atlantic  low  a  secondary  depression  trends  southwe8t^vard  over  the 
Gretit  Liikes,  where  the  water  and  consequently  the  air  lying  above  are  much 
warmer  thnn  the  air  over  the  land.  The  high  over  the  plateau  and  Great 
Basin  Is  quite  pronounced  in  January,  at  the  time  of  lowest  temperature,  it 
having  advanced  eastward  to  this  place  from  the  warmer  ocean  during  the 
autumn.    Between  these  two  highs  Is  the  low  in  the  Southwest,  the  breeding 


place  of  the  southwest  winter  storms,  with  its  trough  reaching  northward.  In 
British  Ck>lumbia  is  a  low  which  is  a  southward  dip  of  the  Great  Aleutian 
cyclonic  area,  most  pronounced  in  the  winter  season  because  of  the  relatively 
warm  water.  A  shoulder  of  high  pressure  in  the  northwestern  sections  east  of 
the  Rockies  separates  this  low  from  that  over  the  Great  Lakes,  but  it  has  not 
yet  reached  the  full  dimensions  of  a  high. 
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The  February  map  (fig.  3)  shows  no  special  changes  from  January,  except 
that  the  plateau  high  has  begun  to  disintegrate  with  the  waning  of  the  winter 
season,  and  It  is  now  pointing  to  the  relatively  cool  water  of  the  Pacific.  So 
also  the  southeastern  high  is  pointing  oceunward  In  the  other  direction.  A 
high  has  now  developed  in  the  northwest  which  will  later,  with  the  coming 
of  spring,  move  across  the  lake  region,  crowding  the  low  to  the  eastward. 


The  March  map  (fig.  4)  shows  the  low  moving  from  the  Great  Lakes  farther 
northeastward,  as  the  temperature  of  the  water  rises  less  rapidly  than  does 
that  of  the  air  over  the  surrounding  land.  The  southeastern  high,  which  had 
started  in  February  to  move  toward  the  Atlantic,  has  undoubtedly  been  held 
back  by  the  attraction  of  the  high  that  is  pushing  down  from  Manitoba 
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toward  the  Great  Lakes.  These  two  highs  form  a  saddle  with  a  northwest- 
southeast  trend  over  the  east-central  States.  The  British  Columbia  and 
southwest  lows  are  becoming  deeper  with  the  advance  of  the  season,  while  the 
plateau  high  has  steadily  lost  in  bulk  and  now  becomes  a  part  of  the  sub- 
permanent  high  centered  off  tlie  coast  of  California,  where  the  water  In  the 
spring  is  much  colder  than  the  air  over  the  interior  of  the  continent. 


In  April,  when  the  water  of  the  Great  Lakes  is  much  colder  than  the  air 
over  the  adjacent  land,  we  find  that  the  lake  depression  has  entirely  disap- 
()eared  to  the  northeast,  it  being  replaced  by  the  high  from  the  northwest,  as 
indicated  by  figure  5.  This  high  is  still  connected  with  the  southeastern  high 
ns  in  March,  with  a  slight  dip  between  them.    The  British  Columbia  low  has 
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M>DtiDiied  to  deepen  and  is  now  advancing  eastward  into  the  higher  tempera- 
ture of  the  interior,  while  the  high  on  the  Pacific  coast,  formerly  over 
the  plateau,  is  following  it  to  the  northward.  The  southwest  low  has  natu- 
rally continued  to  deepen  with  the  increase  in  heat  in  that  section,  and  it 


now  points  northeastward  toward  the  southern  lakes,  where  there  is  a  sliglit 
depression  in  the  saddle  of  high  pressure. 

In  May  (fig.  6)  the  lake  high  appears  like  an  offshoot  from  the  southeastern 
high,  the  center  of  which  has  advanced  into  the  Atlantic.  The  influence  of  the 
colder  waters  of  the  lakes  and  the  ocean  Is  here  apparent. 
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In  the  summer  montlm  of  June  and  July,  as  shown  by  figures  7  and  8,  the 
southeastern  high  does  not  change  materially,  a  shoulder  from  it  reaching 
northwestward  over  the  Great  Lakes.  The  high  in  the  Pacific  is  now  advancing 
slowly  northward,  seeking  the  colder  waters  of  the  North  Pacific,  and  the 


southwestern  low  has  Continued  to  deepen  and  to  recede  westward,  exiiMidiui? 
northwestward  over  the  Calif ornia  desert,  where  the  heat  is  reaching  its 
maximum  intensity. 
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lu  August  and  September  (figs.  9  and  10)  the  southeastern  high  is  forced 
northward  with  the  movement  northward  of  the  equatorial  or  tropical  low- 
pressure  belt  characteristic  of  the  hurricane  season.  Because  of  the  proximity 
of  this  high  to  the  Great  Lakes  in  these  months,  it  exerts  an  influence  over 


that  region,   resulting  in  increased  pressure  there.     The  northeastern   low 
is  gradually  disappearing. 

The  high,  previously  termed  the  southeastern  high,  has  moved  far  enough 
Dorthward^by  September  to  be  called  instead,  an  eastern  high,  but  in  October 
<llg.  U),  it  b^ns  to  recede  to  the  southward,  trending  rather  toward  the 
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southwest  as  the  tropical  low  area  appeal's  off  the  coast  of  southeastern  Flor- 
ida. With  the  movement  southward  of  the  high  during  the  months  of  October 
and  November  (figs.  11  and  12),  the  low  in  the  northeast  has  again  appeared. 
In  fact,  in  November  this  depression  covers  the  entire  northern  frontier  sec- 


tions from  the  mouth  of  the  St.  Lawrence  to  British  Ck>lumbia.  Tlie  south- 
western  low  and  the  western  high  are  returning  eastward  to  their  winter 
homes. 
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In  December  (fig.  13),  the  center  of  the  plateau  high  has  reached  Idaho. 
The  low  to  the  northward  is  deepening,  as  is  also  the  one  over  the  Great  Lal^es. 
where  the  temperature  of  the  water  Is  now  higher  than  that  of  the  air  over 
the  land,  while  the  eastern  high  has  taken  its  winter  position  over  the  South- 
eastern States  with  its  center  well  within  the  coast  line. 


Reviewing  the  isobarlc  charts  for  the  entire  year,  we  find  that  the  pressure 
]^  lower  in  the  Great  Lakes  region  than  in  surrounding  areas  in  November^ 
December,  January,  and  February.  In  March  the  pressure  is  becoming  higher, 
while  from  April  to  August,  inclusive,  it  is  actually  higher  than  in  sections 
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to  the  west ;  and  although  not  so  high  as  in  the  south  and  southeast,  the  dif- 
ferences are  not  nearly  so  great  as  in  the  winter  months.  In  September  the 
changes  are  of  little  consequence.  In  October  and  November  the  low  pressure 
Is  becoming  general  over  the  entire  northern  frontier,  and  at  this  time  the 
Influence  of  the  lakes  is  least  effective. 


In  connection  with  the  relatively  high  pressure  over  the  Great  Laises  during 
the  spring  and  summer  and  low  pressure  in  the  winter  time,  it  is  interesting 
to  note  that  the  mean  temperature  of  the  water  of  the  lakes  as  compared  with 
that  of  the  air  in  adjacent  sections  is  lower  in  the  warmer  montlis  from 


ASTRONOMY,  METBOBOLOOY,  AND  SBISMOLOQY. 


445 


March  to  September,  and  bigher  in  the  colder  period  from  October  to  Feb- 
roary. 

The  average  pressure  over  the  entire  country  is  highest  during  January,  but 
it  is  not  necessarily  the  lowest  in  the  summer  season.  In  fact,  over  the  north- 
central  States  it  is  lowest  in  May.    This  is  because  the  storms  of  May  fre- 


quently are  deep,  while  those  of  summer  are  relatively  shallow.  Ueguniing 
lake  influence,  however,  it  is  not  important  whether  the  pressure  over  the  lakes 
Is  actually  higher  or  lower  one  month  than  another,  but  whether  it  is  rela* 
atively  high  or  low  as  compared  with  the  sections  to  the  west  and  south. 
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We  note  the  gradual  changes  in  the  conditioDs  over  this  great  area,  as  shown 
hy  the  8  a.m.  normal  barometric  charts  for  the  various  months,  largely  caused 
by  unequal  heating  of  the  land  and  water  surfaces  at  the  different  seasons 
of  the  year.  The  evening  normal  isobaric  charts  do  not  show  any  great  Ta- 
riations  from  the  morning  charts.    The  readings  in  the  evening,  of  course,  are 


lower,  varying  from  0.02  to  0.08  of  an  inch,  depending  upon  the  season  of  the 
year  and  the  latitude  of  the  place.  The  differences  are  greater  in  summer  than 
in  winter,  and  increase  from  north  to  south.  The  greatest  daily  range  lu 
pressure  in  the  summertime  is  in  the  southwest,  where  the  range  in  temner- 
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ature  is  the  greatest.  In  the  Great  Lakes  region  the  diurnal  range  iu  pressure 
in  the  spring  and  summer  Is  not  so  great  as  at  more  westerly  points,  because 
of  the  fact  that  the  daily  range  In  temperature  at  places  contiguous  to  large 
bodies  of  water  is  not  so  great  as  where  climate  is  continental. 

ISOTHBBMS  FOB  THE  UNITED  STATES. 

Meteorologists  appreciate  the  influence  of  the  Great  Lakes  upon  the  isother- 
mal lines  crossing  the  northern  portion  of  the  United  States.  The  nor- 
mals are  bulged  northward  In  the  wintertime  over  the  lake  region  because  of 
the  relatively  warm  water,  turning  sharply  to  the  southwest  inmaedlately  after 
reaching  the  colder  interior;  while  in  the  spring  and  early  summer  they  are 
warped  to  the  southward  over  the  Great  Lakes,  and  after  passing  the  cool 
waters  of  that  region  turn  northwestward  into  (he  warm  Interior.  In  the 
autumn  months,  when  the  lake  influence  is  least,  the  isotherms  run  across  the 
lake  region  and  beyond  in  an  almost  due  east  and  west  direction. 

It  should  not  be  necessary  to  include  illustrations  of  normal  isotherms  in  tills 
paper.  However,  in  order  to  emphasize  the  effect  of  lake  Influence  in  the 
spring,  a  special  map  has  been  drawn  showing  the  isotherms  for  the  United 
States  at  8  p.  m.  May  13,  1915,  when  the  contrast  in  temperature  in  the 
central  districts  was  very  great.  (See  fig.  14.)  This  chart  Indicates  the  re- 
markable influence  upon  the  air  temperature  of  the  Great  Lakes,  where  the 
readings  ranged  from  40  to  50',  as  compared  with  80  to  90"  in  the  Plains 
States  and  sections  to  the  south.  At  this  time  a  high-pressure  area  was  cen- 
tered north  of  Lake  Superior  and  a  low  in  the  far  West,  which  later  moved 
directly  eastward,  skirting  the  southern  boundaries  of  the  lakes  Instead  of 
taking  the  normal  course  northeastward.  The  influence  of  the  lakes  in  spring 
is  more  apparent  in  the  afternoon  or  evening  than  in  the  morning,  as  the 
temperature  there  does  not  rise  nearly  so  much  during  the  doy  as  at  interior 
points,  while  the  minimum  or  morning  readings  more  nearly  approach  each 
other. 

The  changes  in  temperature  go  hand  in  hand  with  those  of  pressure  de- 
scribed in  connection  with  the  isobarlc  charts,  and  we  find  that  on  the  lakes 
the  pressure  is  relatively  higher  and  tlie  temperature  lower  in  spring  and 
summer  than  in  the  districts  to  the  west  and  south,  while  in  the  colder  months 
the  converse  is  the  case. 

GENERAL  T\CT0BS  CONTBOLLING   STOBM   MOVEMENTS. 

Highs,  their  position  and  magnitude,  govern  largely  the  direction  of  storm 
movement  in  various  sections  of  the  country.  For  instance,  as  long  as  a  strong 
high  covers  southeastern  sections,  a  southwest  low  does  not  move  easterly  to 
the  Atlantic  coast,  but  takes  the  path  of  least  resistance  northeastward  over 
the  Ohio  Valley  and  the  lake  region.  So,  wlille  the  plateau  high  dominates 
conditions  in  the  West,  Northwest  lows  in  their  movement  eastward  keep  well 
to  the  northward.  In  a  general  way,  then,  storm  movement  is  largely  con- 
trolled by  the  surrounding  barometric  pressure,  as  well  as  by  heat  and  cold. 

INFLXTENCB  OF  GREAT  LAKES  IN   CONNECTION    WITH   THE   MOVEMENT  OF   HIGH   AND 

LOW    PBE8SX7RE    AREAS. 

It  therefore  seems  likely  that  during  the  seasons  of  the  year  when  the  ba- 
rometer is  relatively  high  and  the  temperature  low  over  the  lakes,  as  com- 
pared with  neighboring  sections,  there  should  be  a  tendency  for  the  lows  to 
avoid  the  lakes;  and  when  the  pressure  is  lower  and  the  temperature  higher 
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over  the  lakes  than  in  the  other  sections,  their  paths  should  trend  more  fre- 
quently over  that  region ;  while  the  course  of  the  highs  should  be  affected  in  a 
converse  manner.  As  a  storm  depends  for  its  existence  upon  relatively  low 
prefwure,  as  well  as  increased  temperature,  lows  should  tend  to  move  across 
the  Inke5<  with  greater  relative  frequency  during  the  colder  seasons  and  with 


increasing  energy,  while  in  the  spring  and  summer  months  the  percentage  of 
movement  across  the  lakes  should  be  less  and  there  should  be  a  tendency  for 
the  storms  to  lose  force. 

Of  course,  even  in  the  spring  and  summer  months  the  large  majority  of  the 
lows  cross  the  Great  Lakes  region  because  they  are  seeking  the  pernuinent 
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low  4ii  the  fiur  Northeast  and  are  carried  along  as  great  eddies  with  the  general 
circulation  of  the  atmosphere.  However,  we  wish  to  point  out  certain  lake 
influences  In  the  various  seasons  and  especially  the  tendency  In  the  spring  for 
lows  to  avoid  the  lakes.  This  tendency  is  more  strongly  manifested  in  the  case 
of  shallow  lows,  where  the  pressure  is  only  slightly  below  the  normal.  Deep 
lows  or  those  of  great  energy  usually  move  across  the  lakes  at  all  seasons  of 
the  year  without  any  perceptible  weakening,  even  in  the  springtime.  Yet  in 
the  spring  even  severe  storms  are  sometimes  completely  dissipated  upon  reach- 
ing the  Great  Lakes,  and  their  movement  is  retarded  as  they  approach  that 
region. 

Just  as  certain  influences  serve  to  affect  the  movement  of  lows,  they  naturally 
have  the  opposite  effect  upon  the  movement  of  highs;  so  that,  as  far  as  lake 
influence  is  concerned,  when  the  lows  move  with  relatively  greater  frequency 
over  the  lakes,  the  highs  take  this  path  with  less  frequency,  and  vice  versa. 

We  have  already  seen  that  normal  differences  in  pressure  exist  between  the 
Great  Lakes  and  surrounding  territory  at  various  seasons  of  the  year,  ranging 
from  0.02  to  0.08  of  an  inch.  These,  however,  represent  differences  between 
average  pressures  only,  attended  by  average  temperatures,  but  it  should  be 
obvious  that  when  great  differences  in  temperature  exist  between  the  lakes 
and  the  surrounding  country,  as  on  May  13,  1915  (fig.  14),  for  instance,  the 
differences  in  pressure  will  be  much  greater  and  the  lake  influence  upon  storm 
movement,  as  a  consequence,  more  marked. 

According  to  Weather  Bureau  computations,  with  the  corrections  applied  to  the 
barometer  readings  at  the  Chicago  level,  there  is  an  increase  in  pressure  of  about 
0.01  inch  for  each  decrease  of  10°  in  temperature,  this  increase  representing  the 
change  in  the  density  of  the  layer  of  air  between  the  Chicago  level  and  sea 
level.  Humphreys  In  a  paper  entitled  "Why  some  winters  are  warm  and 
others  cold  in  the  eastern  United  States,'*  Monthly  Weather  Review,  Deceml>er, 
1914,  Washington,  D.  C,  states  that  a  decrease  of  1**  C.  in  the  surface  tempera- 
ture should  Increase  the  density  of  the  air  above  by  roughly  one  part  in  300 
to  350,  and  the  barometic  pressure  by  from  2  mm.  to  2.5  mm.  This  is  doubt- 
less true,  provided,  of  course,  approximately  the  same  temperature  change 
reaches  to  the  higher  levels. 

Observations  made  with  sounding  balloons  show  that  during  a  period  of 
abnormal  warmth  or  cold  at  the  surface  It  is  warmer  or  colder  than  the  averajre 
in  the  atmosphere  above  to  a  considerable  height,  doubtless  as  high  as  the 
legion  of  storm  movement,  10,000  to  15,000  feet.  So  it  is  reasonable  to  suppose 
that  the  Influence  of  the  Great  Lakes  In  lowering  the  temperature  in  spring 
and  sunmier  and  raising  it  in  winter  is  felt  at  the  higher  levels,  although,  of 
course,  in  a  less  degree.  The  density  of  the  air  at  these  levels  Is  relatively 
increased  or  decreased,  and  this  change  is  shown  by  the  higher  or  lower  read- 
ings of  the  barometer  at  the  surface. 

Humphreys  attributes  the  excessive  building  up  of  the  Bermuda  high  to  the 

relatively  low  temperature  of  the  surface  water,  due  in  turn  to  the  strong 

southward  movement  of  the  Labrador  current;  and  he  states  that  when  this 

•  current  is  weak  the  surface  water  to  the  south  is  warm  and  the  high  in  that 

section  is  not  pronounced. 

For  the  same  reason  highs  tend  to  build  up  over  the  lakes  in  the  spring  and 
summer  when  the  water  is  relatively  cold,  sometimes  developing  right  over  the 
lakes  and  remaining  there  for  a  considerable  period. 

In  1906,  in  bulletin  8  of  the  Geographic  Society  of  Chicago,  '*A  description  of 
lantern-slide  illustrations  for  the  teaching  of  meteorology,"  the  speaker  called 
attentioa  to  the  devdopment  of  high-pressure  areas  over  the  lake  region  in 
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spring,  using  for  purposes  of  Illustration  the  weather  maps  of  April  7,  8,  and  9, 
1900.  (See  figs.  15,  16,  and  17.)  The  high  developed  and  steadily  increased 
during  the  three  days  from  a  pressure  of  29.90  inches  to  80.50  inches,  reduced  to 
sea  level,  building  up,  and  expanding  in  all  directions.  The  temperature  in  the 
interior  at  the  time  was  rising,  while  that  over  the  lakes  remained  stationary ; 


hence  the  isobaric  surfaces  near  the  ground  were  warped  down  over  the 
Great  Lakes,  causing  there  an  inflow  of  air  aloft  from  the  domed  isobaric  sur- 
faces over  the  heated  areas  of  the  southwest,  and  resulting  in  the  dev^opment 
of  the  high-pressure  area  in  the  lake  region.    The  movement  of  the  western  low 
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would  naturally  have  been  in  an  east  to  northeast  direction,  but  it  was  diverted 
from  its  normal  track  by  the  development  of  this  great  high  area  In  its  front. 
Its  course  was  thus  southeastward  instead  of  northeastward.  This  is  a  familiar 
type  during  the  spring  months  of  the  year. 

Often  these  high-pressure  areas  in  the  spring  not  only  insure  to  the  lake  region 
<'ool  weather,  but.  when  tliey  become  pronounced,  furnish  fair  weather  for 


a  prolonged  period  as  well.  An  additional  reason  why,  under  such  conditions, 
fair  weather  continues  on  the  west  shore  of  Lake  Michigan  and  at  Chicago,  for 
instance,  is  because  the  northeasterly  winds  from  the  water  are  warmed  up  as 
ttiegr  reach  the  land  and  pass  into  the  Interior,  the  capacity  of  the  air  for 
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moisture  being,  by  reason  of  this  heating,  greatly  increacied,  and  the  chances  for 
precipitation  diminished.  Here  we  have  the  reason  for  the  prolonged  dry 
spells  in  the  spring  of  the  year  in  portions  of  the  lake  region ;  in  fact,  it  rardy 
rains  in  Chicago  in  the  spring  during  the  prevalence  of  a  northeasterly  or 
easterly  wind. 

There  are  some  instances  where  highs  remained  stationary  over  the  lakes 
for  an  entire  week  without  any  apparent  movement  eastward,  and  the  most 


pronounced  case  is  that  of  April  24  to  May  1,  1904.  It  may  be  said  tliat  highs 
build  up  over  the  lakes  in  other  seasons  of  the  year  also,  and  this  is  true  to  a 
certain  extent,  but  their  development  is  rare  at  other  times  as  compared  witb 
the  spring,  nor  do  they  remain  so  long. 
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PEBCENTAQE  OF  LOWS  AND  HIQH8  CB088ING  LAKES. 

It  is  rather  difficult  to  show  definitely  the  influence  of  the  lakes  upon  the 
direction  and  movement  of  high  and  low  pressure  areas,  because  while  these 
areas  have  certain  general  tracks  individual  ones  depart  widely  from  them  at 
all  seasons  of  the  year,  not  only  because  of  the  presence  of  the  Great  Lakes  in 
or  near  their  tracks,  but  also  because  of  certain  exterior  influences  in  the  way 
of  pressure  and  temperature. 

In  the  study  of  the  movement  of  lows  in  connection  with  this  question  it  is 
hardly  worth  while  to  consider  any  except  those  located  within  reaching  dis- 
tance of  the  lakes,  so  to  speak,  and  when  in  their  normal  movement  they  would 
cross  the  lakes.  We  have,  therefore,  studied  the  movement  of  all  lows  from 
the  Middle  West  for  a  15-year  period — ^from  1900  to  1914,  inclusive — ^from  an 
area  covered  by  Iowa,  southern  Minnesota,  and  the  eastern  portions  of  South 
Dakota  and  Nebraska.  A  comparison  is  given  below  for  the  selected  months 
of  January,  May,  August,  and  November,  the  charts  published  in  the  Monthly 
Weather  Review  l>eing  taken  as  a  basis,  which  show  the  tracks  of  the  centers 
of  the  lows.    The  following  table  is  self-explanatory : 


LOWS. 

Month. 

Total 
number. 

Nnmber 

that 
orosHod 
lakes. 

Percentage 
crasMd 
lakee. 

Jannnrv ....,.-  t  ,  - , -  t 

32 
29 
27 
17 

28 
19 
22 
16 

88 

ffi^::;;::::::;;::;;;;;:;:::;;:::::::::::..::.: :.: 

W 

AoKOSt 

81 

NOVMObW ..,..,,... T,.TTTT...,,-.-.. 

H 

The  table  indicates  a  much  larger  percentage  of  lows  avoiding  the  lakes  in 
May  than  in  any  other  month,  only  66  per  cent  crossing ;  while  the  paths  across 
the  lakes  in  November  and  January  are  in  large  numl>ers,  94  and  88  per  cent, 
respectively ;  August  following  with  81  per  cent  The  shallow  lows  are  chiefly 
the  ones  that  seem  to  avoid  the  lakes  in  the  spring,  and  it  is  seldom  that  a  deep 
low  is  diverted  from  its  apparently  normal  path,  as  stated  previously. 

Occasionally  there  is  noted  a  decidedly  abnormal  movement  in  the  spring, 
especially  in  April,  of  a  low  from  Manitoba  southeastward  across  Minnesota 
and  either  directly  south  of  the  lakes  or  skirting  the  southern  boundaries  in  its 
eastward  movement  Lows  are  more  likely  to  take  this  abnormal  course  when 
they  are  shallow,  Just  as  in  the  case  of  lows  from  the  Middle  West,  as  a  given 
lake  effect  upon  the  pressure,  0.05  or  0.10  of  an  inch,  for  instance,  would  then 
be  important 

The  normal  path  of  highs  from  the  Middle  West  is  southeast  of  the  lakes 
under  practically  all  conditions,  and,  as  a  consequence,  it  is  not  worth  while  to 
make  a  comparison  of  direction  of  movement  of  highs  from  the  same  district 
only,  as  was  made  for  lows. 

In  the  study  of  the  movement  of  highs  for  the  same  15-year  period  we  have 
included  those  from  the  Northwest  as  well  as  those  from  the  Middle  West,  and 
the  following  table,  based  upon  the  charts  in  the  Monthly  Weather  Review 
giving  the  tracks  of  the  centers  of  the  highs,  shows  the  results : 

HIGHS. 


Month. 


January.... 
May........ 

Auj^iist 

November. . 


Total 
nnmber. 

112 
87 
91 

109 


Number 

thatcrooMd 

lakes. 

88 
64 
78 
40 


Percentage 
crossed 
lakes. 

84 
83 
86 
87 
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These  figures  iDdicate  a  lake  effect  with  an  Increasing  percentage  of  hlgfis 
passing  over  the  lakes  in  May  and  August,  62  and  85  per  cent,  respectively,  and 
a  relatively  small  number  in  January  and  November,  34  and  37  per  cent.  The 
large  number  in  August  is  doubtless  due  to  the  general  northerly  tendency  of 
tlie  highs  during  that  month.  We  have  seen  that  the  subpermanent  high  im 
the  month  of  August  has  moved  northward  (see  Fig.  9).  and  it  is  probably 
this  fact  rather  than  the  influence  of  the  lakes  that  explains  the  increased 
August  percentage.  Certainly  the  lake  effect  is  least  in  August  of  all  the 
Eummer  months,  as  the  water  is  steadily  becoming  warmer,  and,  as  we  might 
eicpect,  the  highs  of  August  are  not  usually  of  much  force,  seldom  having  n 
pressure  as  high  as  30.2  Inches. 

In  these  four  months  it  seems,  therefore,  from  a  comparison  of  the  directiom 
of  movement  of  highs  and  lows,  that  in  May,  a  spring  month,  there  is  a  tend- 
ency for  lows  to  avoid  the  lakes  and  for  highs  to  seek  them.  In  August  the 
lake  effect  is  not  important,  as  shown  partially  by  the  relatively  low  percentage 
of  lows  crossing  the  lakes,  the  percentage  of  highs  crossing  the  lakes  in  that 
month  being  relatively  high,  as  we  have  stated  above,  for  a  different  reason. 
In  January  and  November  a  large  percentage  of  lows  cross  the  lakes,  while 
the  percentge  of  highs  taking  the  same  course  is  rather  small. 

The  mean  tracks  of  highs  and  lows  by  months  would  not  necessarily  bring 
out  these  facts,  as  the  means  would  have  to  include  averages  of  areas  moving 
not  only  across  and  south  of  the  lakes,  but  north  of  the  lakes  as  well:  and 
should  not  a  single  track  lead  across  the  lakes  in  a  given  month,  but  aa  equal 
number  to  the  north  and  to  the  south  of  the  region,  the  mean  track  for  that 
month  would  pass  directly  across  the  lakes.  This,  of  course,  would  be  mis- 
leading, as  it  would  indicate  something  that  is  not  so. 

PATHS  OF  LOWS  AND  HIGHS  FOB  SELECTED  MONTHS. 

A  few  Illustrations,  showing  the  great  variations  in  movement  of  storm  areas 
across  the  country,  should  prove  interesting.  Figure  18  shows  the  tracks  of  lows 
for  the  month  of  January,  1900.  Most  of  them  lead  directly  across  the  lakes. 
Figure  19  gives  the  tracks  of  lows  for  the  month  of  April,  1903,  in  which  we 
see  the  tendency  for  the  lows  to  move  either  south  of  the  lakes  or  across  the 
southern  portion. 

Figure  20  shows  the  tracks  of  highs  for  the  month  of  January,  1900.  We  may 
compare  this  with  figure  18,  illustrating  the  paths  of  lows  for  the  same  month. 
There  is  evidently  a  tendency  for  the  highs  to  avoid  the  Great  Lakes  and  to 
pass  either  to*  the  north  or  south  of  the  region,  while  the  lows  pass  directly 
across.  Figure  21  indicates  the  paths  of  highs  for  August,  1909,  all  crossing 
the  lakes.    Later  four  of  them  settled  over  the  middle  Atlantic  coast 

These  maps  are  given  as  illustrations  of  the  tendency  of  temperature  and 
pressure  conditions  to  influence  the  movements  of  highs  and  lows  during  the 
various  seasons  of  the  year.  The  months  are  all  typical,  although  they  do  not 
show  average  conditions,  but  rather  indicate  in  the  most  pronounced  form  the 
effects  of  the  influence  to  which  we  have  referred. 

INCKFJLSING  OB  DECBKA8ING  PBES8URE  IN   LOWS  AND  HIGHS  CROSSING  LAKE  BBGION. 

The  question  of  increase  and  decrease  in  intensity  of  highs  and  lows  as 
they  cross  the  lakes  is  also  pertinent  to  the  subject.  Therefore,  a  study  has 
been  made  of  the  changes  in  pressure  at  the  centers  of  the  highs  and  lows 
covering  the  15-year  period  for  the  same  months  of  January,  May,  August,  and 
November.    The  following  table,  based  uiwn  charts  published  in  the  Monthly 
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Weather  Review,  is  given  below.  In  this  comi>arison  due  allowance  is  made 
for  the  diurnal  change  in  barometric  pressure,  and  under  the  column  headed 
**  stationary  '*  are  included  not  only  those  highs  and  lows  that  did  not  change 


hi  pressure  in  crossing  the  lakes,  but  also  those  which  showed  both  a  rise  and 
ftill  or  a  fall  and  rise,  as  the  case  may  be,  thus  serving  to  eliminate  them  from 
tbe  other  columns. 
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LOWS. 


January: 

Number 

Peroentage. . 
May: 

Number 

Percentage. . 


Rising 
barom- 
eter. 


Palling' 
barom- 
eter. 


Station- 
ary 

barom- 
eter. 


Total 
nom- 
ber. 


100 
68 


Aagnst: 

Number 

Percentage. 

November: 

Number 

Percentage. 


barom- 
eter. 


Falling 
barom- 
eter. 


StatioD- 

barom- 
eter. 


Total 
num- 
ber. 


67 
94 
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RWng 

baroni' 

eter. 

FaUing 
barom- 
eter. 

Station- 

barom- 
eter. 

Total 
mim- 
ber. 

Rising 
barom- 
eter. 

Falling 

barom- 

eter. 

Station- 
ary 

barom- 
eter. 

Total 
numr 
ber. 

January: 

Number 

Pen^nteM. . 

12 
83 

28 
56 

14 
39 

8 
16 

10 
28 

15 
29 

36 

Augoat: 

Number 

Percentage.. 
Noremher: 

Number 

Percentage. . 

33 
48 

12 

37 

7 
10 

11 
33 

29 
42 

10 
30 

69 

liay:         ^^ 

m   Numbtf 

■   Perceotag*.. 

51 

33 
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The  above  indicates  that  in  the  case  of  lows  moving  across  the  lakes  the 
pressure  falls  much  more  frequently  in  January  and  November  than  it  rises, 
and  that  it  rises  much  more  frequently  in  May  than  it  falls;  while  in  August 
the  changes  are  not  of  consequence  one  way  or  the  other.  In  the  case  of  highs 
the  barometer  rises  much  more  frequently  in  May  and  August,  while  in  January 


and  November  the  changes  are  not  marked ;  but  there  is  a  falling  tendency  in 
January,  nevertheless.  While  the  values  are  given  only  for  certain  selected 
months,  these  are  fairly  representative  of  the  various  seasons  of  the  year. 

The  results  seem  to  harmonize  with  those  given  for  the  selected  months  show- 
ing the  direction  of  movement  of  highs  and  lows  near  or  across  the  lakes,  and 
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we  must  conclude  that  the  Great  Lakes  do  actually  exert  an  Influence  upon  the 
movement  of  highs  and  lows. 

■BAeONAL  CX)NDrriON8  IN  CONNECTION    WITH   MOVEMENT  OF  HIOHS  AND  LOWS. 

A  definite  relation  between  the  routes  of  highs  and  lo\\'s  on  the  one  hand  and 
previous  and  ensuing  temperature  conditions  on  the  other  have  not  been  worlced 
out  in  this  study.  However,  it  is  a  well-established  fact  that  when  lows  per- 
sistently pass  to  the  northward,  or,  in  other  words,  talce  the  northerly  route, 
temperatures  above  normal  prevail,  regardless  of  the  season  of  the  year;  and 
when  lows  take  the  southerly  route,  the  months  or  seasons' are  cold.  Regard- 
ing the  movement  of  highs,  however,  the  response  is  not  so  uniform  nor  as  direct 
Northwest  highs  moving  southeasterly  to  the  Atlantic  coast  bring  the  sweeping 
cold  waves  of  winter  to  practically  all  sections  of  the  country  east  of  tlie 
Rockies.  When  these  highs  in  winter  pass  directly  eastward  with  their  centers 
north  of  the  lakes  or  over  the  northern  lakes,  the  temperature  in  the  lake  region 
and  Middle  West  generally  Is  above  normal;  but  In  spring  and  summer  highs 
taking  a  similar  route  produce  relatively  cool  weather. 

When  the  late  winter  is  cold  and  spring  Is  retarded  the  rise  In  temperatur* 
of  the  water  of  the  lakes  Is  slow,  and,  as  a  consequence,  there  seems  to  be  a 
greater  tendency  for  highs  to  pass  across  the  lakes  and  lows  to  turn  from  their 
normal  course.  So,  when  a  spring  Is  early  and  the  temperature  of  the  water 
rises  more  rapidly  than  usual,  the  converse  Is  the  tendency ;  but  there  Is  no  posi- 
tive rule  established  from  actual  records,  because  of  the  fact  that  so  many 
exterior  influences  are  at  work.  There  are,  however,  many  striking  Instances 
of  this  lake  control,  which  time  will  not  permit  us  to  enumerate  here  to-day. 

The  Chairman.  We  have  two  more  papers  to  hear  this  afternoon. 
We  will  now  listen  to  a  paper  on  the  "  Duration  and  intensity  of 
tropical  rains,"  by  Prof.  O.  L.  Fassig,  of  the  United  States  Weather 
Bnreau,  Baltimore,  Md. 


TROPICAL  RAINS— THEIR  DURATION,  FREQUENCY,  AND  INTENSITY. 

By  OLIVER  L.  FASSIG, 
Professor  of  Meteorology^  U,  8,  Weather  Bureau,  Baltimore,  M6. 

The  aim  of  the  following  discussion  is  to  determine,  by  accurate  measure* 
ments  and  calculations,  the  duration,  frequency,  and  intensity  of  tropical  rains 
and  to  compare  the  results  obtained  with  similar  measurements  made  in  the 
middle  latitudes. 

For  this  purpose  a  representative  area  within  each  of  the  zones  was  selected 
in  which  accurate  and  detailed  observations  are  available  for  a  period  suffi- 
ciently long  to  establish  reliable  normal  values.  The  Tropics  are  represented 
by  the  island  of  Porto  Rico,  in  the  West  Indies,  and  the  Temperate  Zone  by 
the  State  of  Maryland. 

Attention  is  also  directed  to  the  influence  of  topography  on  the  distribution 
and  character  of  the  rainfall  in  Porto  Rico,  and  to  the  relation  of  the  rainfall 
to  the  principal  commercial  crops,  namely,  sugar  cane,  coifee,  tobacco,  citrus 
fruits,  and  pineapples. 

A.   DURATION  OF  BAINS. 

Tropical  rains  are  of  short  duration,  compared  with  the  rains  of  middle  lati- 
tudes, owing  to  the  greater  freedom  from  cyclonic  storms  in  the  Tropics.  The 
duration  of  rains  at  San  Juan  is  less  than  an  hour,  while  at  Baltimore,  Md., 
it  is  about  eight  hours.  The  tropical  rains  are  of  fairly  uniform  duration  in 
all  months,  while  in  the  high  latitudes  the  winter  rains  last  decidedly  longer 
than  those  of  the  summer  months.  At  Baltimore  rains  of  the  colder  half  year 
continue  about  10  hours  and  those  of  the  warmer  months  less  than  4.  The 
explanation  of  this  diCTerence  in  duration  is  found  in  the  greater  frequency 
of  the  cyclonic  storms  of  the  winter  season.  The  rains  of  the  Tropics  closely 
resemble  the  summer  rains  of  the  middle  latitudes  during  a  spell  of  unsettled 
weather.    (Table  1  and  fig.  1.) 
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Table  1  — 

-Duration  of  rainfaU  (in  hours  and  minuter). 

i 

1 

1 

i 

•-» 

3 

1 

1 

1 

1 

1 

.* 

II 

San  Juan  (average  Sveara). . 
Baltunore  (average  10  years). 
San  Juan  (dry  year,  1007)... 
San  Joan  (wet  year,  1910). . . 

O.Se  0.40  0.50 
11.1013.10  8.45 
0.88  0.39  0.28 
0.58  0.46  1.08 

0.64   1.12 
11.00  7.00 
0.40  0.54 
1.23  1.07 

0.52 
3.30 
0.48 
0.44 

0.54 
4.00 
0.31 
0.38 

0.52 
3.30 
0.34 
1.01 

0.57 
5.15 
0.20 
1.29 

1.05 
8.05 
0.40 
0.51 

0.54 
9.25 
0.36 
1.02 

0.43 
9.20 
0.31 
1.21 

0.53 
7.50 
0.36 
1.01 

1,638 

3,000 

697 

460 

The  duration  and  character  of  rains  is  shown  in  an  unusual  manner  by  the 
use  of  what  may  be  termed  "  rain  autographs.*'  These  are  automatic  records 
made  by  the  rain  drops  falling  upon  specially  prepared  «heets  of  paper  cover- 
ing a  revolving  drum,  the  drum  being  under  cover,  with  the  exception  of  a 
small  aperture  in  the  top  of  the  cover. 

The  records  show  not  only  the  time  of  beginnings  and  endings  of  the  lightest 
rains,  but  their  frequency  and,  in  a  rough  way,  their  intensity.  (Fig.  2A  and 
2B.) 

Duration  of  excesHve  rains. 

On  comparing  what  are  officially  designated  as  excessive  rains,^  It  is  found 
that  their  duration  is  greater  in  the  Tropics  than  in  the  higher  latitudes.  This 
is  shown  by  comparing,  for  instance,  the  average  duration  of  excessive  rains 
at  San  Juan,  P.  R.,  and  at  Baltimore,  Md.  The  comparison  covers  a  period  of 
10  years  (1S94  to  1908)  at  Baltimore  and  of  12  years  (1809  to  1910)  at  San 
Juan,  and  includes  all  of  the  rains  of  the  respective  periods  classed  as  excesstve 
by  the  Weather  Bureau.  The  average  duration  of  excessive  rains  at  San  Juan 
is  85  minutes  and  at  Baltimore  20  minutes  (Tables  2  and  8). 

Table  2. — Average  duration  of  excessive  rains  (in  minutes). 


1 

i 

1 

< 

i 

H, 

1 

1 

1 

1 

1 

i 

1 

3an  Juan,  P.  R.  (12  years) . . 
Balthnore,  Kd.  (10  years). . . 

89 
22 

20 

37 
6 

59 
19 

43 

18 

19 
?1 

28 
24 

26 
22 

35 
26 

81 

34 

45 

20 

86 
20 

1«S 

78 

JAmita  at  wkkk  preelpUatUm  may  ht  comlderei  eieeuiot. 


Depths  of 

Depths  Of 

Duration. 

precipita- 

Duration. 

tion. 

tioK. 

lOMOa, 

/neket. 

MimiUa, 

Inches 

6 

0.25 

86 

0.56 

10 

0.80 

40 

0.60 

16 

0.36 

46 

a66 

20 

a40 

50 

0.70 

36 

a46 

60 

0.80 

30 

a50 

Tarlk  8. — Greatest  duration  of  excessive 

rains  {in  minutes). 

1 

i 

1 

< 

i 

i 

^ 

S 

< 

i 

1 

i 

1 

i 

1 

San  Juan,  P.  R.  (12  years). . 
Baltimore,  ICd.  (10  ]^). . . 

96 
22 

20 

76 
6 

110 

170 
37 

39 
30 

80 
80 

140 
60 

102 
46 

68 
61 

81 

96 

170 
80 

198 
78 

>  Predpitatkm  will  be  considered  excessive  when  it  equals  or  exceeds  2JS  Indies  (68.6  mm.)  in  24  consecti- 
tire  hours,  or  1  inch  in  1  hoar. 
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V\Q,  2A. — '*  Rain  autographs  *'  or  automatic  records,  showtng  the  duration  and  Intoiiitj 
of  rainfall  at  Baltimore,  Md.  (Subdivisions  in  the  diagrams  represent  hour  interrali. 
The  hourly  amounts  of  rainfall  are  indicated  in  hundredths  of  an  inch  by  the  tmall 
figures  within  the  spaces.  A  trace  of  rainfall  is  indicated  by  T.  See  text,  *'  Dmration 
of  ralns.'M 
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Pio.  2B. — "  Rain  autographs  "  or  automatic  records  of  rainfall  at  San  Juan,  Porto  Rico^ 
showing  the  duration  and  intensity  of  rainfall.  (Subdivisions  in  the  diagram  represent 
hour  intervals.  The  total  precipitation  during  the  12-hour  periods  is  indicated  in 
Inches  and  hundredths  at  the  right.     See  text,  *'  Duration  of  rains.") 
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B:   FREQUENCY  OF  RAINS. 

Rainfall  frequency  is  so  largely  a  matter  of  local  topograpliy  that  it  is  a 
difficult  matter  to  make  a  comparison  which  will  fairly  represent  the  difference 
between  the  Tropics  and  the  middle  latitudes  in  this  respect  The  average 
monthly  and  annual  number  of  days  with  rain  for  the  entire  Island  of  Porto 
Rico  is  compared  with  that  of  the  entire  State  of  Maryland.  In  both  cases 
the  numbers  represent  the  average  of  about  40  stations  for  a  period  of  15  to  20 
years. 

The  value  of  such  a  comparison  Is  of  course  largely  dependent  upon  the 
representative  character  of  the  region  selected.  Both  regions  show  a  fairly 
even  distribution  of  rainy  days  through  the  year.  The  greater  frequency  of 
rains  In  the  tropical  region  Is  to  be  expected,  owing  to  a  liigher  mean  tempera- 
ture and  humidity.    (Tables  4  and  5,  and  fig.  3.) 

Table  4. — Total  frequency  of  rains. 
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Fig.  8. — Hourly  rainfall  frequency,  .per  annum,  at  Baltimore,  Md.,  and 
at  San  Jaan,  Porto  Rico. 

Table  5. — Frequency  of  stated  amounts  of  rainfall. 


0.01  to 
0.10 
inch. 

0.11  to 
0.25 

0.26  to 
0.50 
inch. 

0.51  to 
llnoh. 

Ovorl 
inch. 

Total 
annual 

fre- 
quency. 

Total 
numbv 
of  rains. 

8aa  Jaan^P.'B 

06 
56 
P.ct. 
46 
48 

43 
25 
P.et. 
21 
10 

34 
22 
P.eL 
16 
17 

21 
18 
P.et. 
10 
14 

15 
10 
P.cc. 
7 
8 

209 

131 

209 

131 

2.100 

4,808 
2,308 

Peroentace  of  (reqaency: 

San  Juan,  P.  B 

Baltimore,  Md 

4;800 
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In  comparing  the  frequency  of  excessiye  rains  we  find  a  much  greater 
difference.  For  example,  during  a  12-year  period  (1899-1911)  at  San  Juan 
there  were  193  excessive  rains  as  compared  with  78  at  Baltimore  during  a 
period  of  10  years.  Allowing  for  the  difference  of  two  years  in  the  periods,  the 
frequency  at  San  Juan  is  more  than  double  tliat  at  Baltimore. 

The  distribution  through  the  year  is  more  uniform  in  the  Tropics  than  in  the 
middle  latitudes;  in  the  latter  zone  the  excessive  rains  are  confined  almost 
entirely  to  the  summer  months.  The  influence  of  the  hurricane  season  is 
clearly  shown  In  the  figures  for  July  to  November  in  the  Tropics.     (Table  6.) 

Tablb  Q.— Average  frequency  of  exce^^ive  raifM. 
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Frequency  of  stated  amounts  of  rainfall, 

A  matter  of  very  great  moment  in  agricultural  pursuits,  the  importance  of 
which  is  generally  overlooked,  is  the  frequency  of  stated  amounts  of  rainfall 
and  their  distribution  through  the  year.  Frequent  moderate  rains  are  generally 
more  favorable  for  plant  growth  than  heavier  rains,  assuming  equal  total 
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Fio.  4. — ^Freqaency  per  annam  of  stated  amounts  of  raiDfftll  at  selected 
localities  in  Porto  Rico  and  at  Baltimore,  Md.  (The  small  figures 
at  the  base  of  the  diagram  show  amounts  of  rmlnfaU  in  hundredths 
of  an  inch.) 
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amounts  for  the  year.  There  is  a  wide  range  in  the  frequency  of  rains  of  0.01 
to  0.10  inch  in  Porto  Rico,  a  condition  which  is  probably  common  to  all  regions 
with  pronounced  differences  in  topography.  As  the  amounts  grow  larger  the 
range  rapidly  decreases  (fig.  4). 

The  best  and  most  extensive  tobacco  plantations  of  Porto  Rico  are  situated 
in  the  portion  of  the  island  having  the  greatest  numt>er  of  light  rains,  with  a 
total  annual  amount  close  to  the  average  for  the  entire  island.  The  station  at 
Oaguas,  typical  of  this  region,  shows  a  record  of  160  days  with  rainfall  from 
0.01  to  0.10  inch,  with  a  total  annual  frequency  of  262  days  and  a  total  rainfall 
of  68  inches. 
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5. — Corves  of  average  hourly  rainfall,  per  annom,  at  Baltlinore, 
Md.,  and  at  San  Juan,  Porto  Rico. 


In  the  mountains  of  the  western  portion  of  the  island,  a  region  noted  for  the 
abundance  and  fine  quality  of  its  coffee,  the  rainfall  is  very  heavy.  A 
peculiarity  of  the  rains  of  this  region  is  that  they  show  a  maximum  frequency 
of  amounts  between  0.20  and  0.30  inch,  whereas  the  usual  record  shows  a  very 
decided  preponderance  of  amounts  less  than  0.10  inch. 


C.   INTENSITT  OF  BAINYALL. 

A  comparison  of  excessive  rates  of  rainfall  at  San  Juan  and  at  Baltimore 
reveals  some  interesting  facts.  The  heaviest  half-hour  rainfall  at  Baltimore, 
during  a  period  of  15  years,  shows  a  greater  intensity  than  the  heaviest  half- 
hour  fall  at  San  Juan  during  a  similar  period.  However,  the  Baltimore  rainfall 
in  question  continued  excessive  but  little  more  than  40  minutes,  while  at  San 
Juan  the  rate  was  excessive  for  1  hour  and  40  minutes. 


Fi«.  G.— Average  rainfall,  in  hundredths  of  an  inch,  on  days  with  rain,  in  Porto  Rico. 
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Still  more  surprising  are  the  curves  of  figure  7,  showing  the  average  values 
for  all  excessive  rains  at  Baltimore  and  at  San  Juan  for  a  period  of  10  years. 
The  curves  are  identical  for  the  first  15  minutes,  after  which  the  San  Juan 
curve  drops  below  the  Baltimore  curve  and  continues  well  below  to  the  end  of 
the  excessive  rate  of  fall.  Again  the  San  Juan  rains  show  a  longer  period  of 
excessive  rates,  averaging  1  hour  and  20  minutes  for  Baltimore  and  2  hours  for 
San  Juan. 

Table  7. — Average  hourly  amounts  of  rainfall  per  year  at  San  Juan,  P.  R,,  and 
at  Baltimore,  Ud.  {inches). 


Hour  ending— A.  M. 

1 

3 

3 

4 

5 

6 

7 

8 

0 

10 

11 

Noon. 

San  Juan 

0.70 
1.87 

0.68 
2.17 

0.70 
2.83 

1 
0.75  1  0.72 
2.72  1  2.fiA 

0.84 
2.93 

0.71 
2.51 

0.80 
2.32 

0.78 
2.13 

0.04 
2.18 

1.04 
2.20 

L18 

B  altlmore 

2.10 

bourending— P.  If. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Mdt. 

San  Juan 

1.56 
3.44 

1.19 
2.96 

1.32 
3.01 

L32 
3.15 

L28 
2.89 

1.44 
2.47 

1.45 
2.03 

1.26 
2.86 

0.99 
2.59 

0.95 
2.41 

0.77 
L98 

0.80 

Baltimore 

2.36 

Table  8. — Average  rainfall  on  days  with  rain,  San  Juan,  P.  R.,  and  Baltimore, 

Md,    (Inches.) 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year. 

San  Juan 

Baltimore 

0.23 
0.26 

0.15 
0.32 

0.20 
0.31 

0.29 
0.29 

0.32 
0.30 

0.35 
0.37 

0.32 
0.41 

0.38 
0.38 

0.37 
0.41 

0.35 
0.30 

0.40 
0.30 

0.30 
0.29 

0.31 
0.32 

Tabu:  9. — Greatest  intensity  of  rainfall  at  San  Juan,  P.  R,,  and  at  Baltimore,  Md. 


Minutes. 
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30 
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120 


OFeate6t_predpitation  in: 

San  Juan,  P.  R 

Baltimore,  Md 

Rates  per  hour: 

San  Juan 

Baltimore 


Incket. 
0.79 
0.80 

9.48 
9.60 


Inchei. 
1.02 
L35 

6.12 
8.10 


Inche*. 
L31 
1.92 

5.24 
7.68 


Inches. 
2.09 
2.75 

4.18 
5.50 


Inches. 
3.43 
2.87 

3.43 
2.87 


Inches. 
4.21 
2.87 

4.21 
L44 


Table  10. — Weight  of  rainfdU. 
(A— storm  of  Sept.  6, 1910,  at  San  Juan,  P.  R.    B— Storm  of  July  12, 1903,  at  Baltimore,  Md.] 


Depth. 

Tons  per  acre. 

Duration. 

A 

San  Juan. 

B 
Baltimore. 

A 

San  Juan. 

B 

BalUmore. 

First  5  minutes 

Inches. 
0.06 
0.25 
0.40 
0.05 
1.71 
2.61 
3.98 

Inches. 
0.33 
0.98 
1.72 
2.60 

9 
28 
45 
107 
194 
205 
450 

37 

First  10  minutes 

111 

Finrt  15  mlnut^H! 

195 

Fint  30  minutes 

304 

First  45  minutes 

First  60  minutes 

First  80  minutes 
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Fio.  7. — ^Ezces8lYe  rminfalli  at  Baltimore,  Md.,  and  at  Ban  Joan* 
P.  B.  (The  dotted  line  Indicatea  ratea  oonaldeied  "tseeartfe"  bj 
the  U.  8.  Weather  Bureau.) 


Fio.  8« — ^Porto  Blco  rainfall.  In  Inches,  for  Norember,  1909.  (A  wet,  stomj  montlu 
A  succession  of  pronounced  Hiona  and  lows  crossed  the  North  AtUatlc,  extending 
their  Influence  Into  the  Tropics.) 

68436— TOL  n— 17 80 
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The  Measonal  dUtribution  of  rainfdU  in  Porto  Rico, 


Accoinpnnying  chnrts  (figs.  16,  17,  IS)  show  the  normal  annual  distribution 
over  the  Islnml  and  the  distribution  daring  a  dry  year  (1907)  and  during  a 
wet  year  (1901).  The  striking  features  of  the  geograplilcal  distribution  are  the 
comparatively  light  rainfall  on  the  south  side  and  ttie  comparatively  henvy 
rainfall  through  the  center  of  the  island.  This  distribution  is  readily  accoauted 
for  by  the  topography  of  the  island. 
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Fio.  9. — ^Uaxiiniim  24-lioiir  rmlnfallt  for  the  entire  island  of  Porto 
Bico,  for  San  Joan,  P.  B.,  and  for  Baltlniore»  Ud. 


JAN.     FEa    MCH.    APR.     MAY     JUNE   JULY    AUG.    SEP.    OCT. 


Vio.  10.— Uonthly  amounts  of  ralnfUl  for  Porto  Blco^  1889  to  1914. 
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The  rainfall  of  November,  1901,  shown  in  the  accompanying  map,  represents 
the  geographical  distribution  of  rain  during  a  month  of  frequent  heavy  rains 
associated  with  the  passage  across  the  North  Atlantic  of  several  well-developed 
cyclonic  and  anticyclonic  areas,  and  points  to  one  of  the  most  prolific  causes  of 
heavy  rains  in  Porto  Rico,  next  to  the  passage  of  hurricanes  (fig.  8). 

Hurricanes  and  rainfaU  in  Porto  Rico, 

The  heaviest  general  rains  of  the  island  are  associated  with  the  passage  of 
hurricanes  in  the  comparatively  rare  instances  in  which  the  center  of  a  tropical 
cyclone  or  a  secondary  development  therefrom  passes  over  or  very  close  to  the 
region  in  question.  The  only  exceptionally  severe  storm  of  this  character  in 
recent  years,  one  which  devastated  the  island  to  an  unusual  extent,  occurred 
on  August  8,  1899.  It  is  one  of  the  historic  storms  of  the  West  Indies.  The 
center  of  this  storm  passed  directly  across  the  center  of  Porto  Rico  from  east 
to  west,  and  the  rainfall  was  accurately  measured  by  trained  observers  all 
along  tlie  path  of  the  storm. 


ATLAKTW  OOMAir 


BAN  hHjan  bah.  £».iO' 

rSCAjM, 


Fio.  11. — Balnfall  over  Porto  Rico  during  tho  passage  of  the  hurricane  of  Ang.  5-1), 
1890.  (Successive  hourly  positions  of  the  center  of  the  storm  are  indicated  by  dots 
on  the  arrow.  Ttie  distance  across  the  island,  along  the  arrow,  is  about  80  miles. 
The  msylmum  2i-hour  ralnfUl  was  28  Inches,  at  Adjontas.) 

A  cross  section  of  the  storm  as  it  passed  over  San  Juan  was  shown  in  a 
diagram  ^  by  means  of  hourly  observations  of  all  the  principal  weather  condi- 
tions. The  rainfall  distribution  and  progressive  movement  of  the  storm  across 
tlie  island  are  shown  in  figure  11.  The  entire  path  of  the  storm,  from  its  incep- 
tion east  of  the  Windward  Islands  to  the  Florida  coast,  thence  northeastward 
along  the  Atlantic  coast  to  the  banks  *of  Newfoundland,  was  shown  in  the 
chart  forming  Plate  XVIII  of  Weather  Bureau  Bulletin  X. 

The  weight  of  water  precipitated  upon  the  island  of  Porto  Rico  in  the  80 
hours  during  which  the  storm  prevailed  has  been  computed.  Basing  the  calcu- 
lations on  an  average  fall  of  10  inches  over  the  entire  island,  the  total  weight 
of  the  rainfall  was  approximately  2,602,820,000  tons,  equivalent  to  723,200  tons 
per  square  mile  or  1,113  tons  per  acre. 

>  See  Hurricanes  of  the  West  Indies,  by  O.  L.  Fassig.  Washington,  1018  (W.  B.  Ball. 
X.  PL  XVI). 
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WiQ»  12. — ^ATerate  animal  rainfall  for  north  and  wonth  tides  of  tiM 
Island  and  for  tbo  entUo  Island,  ISM  to  1914. 


Via.  18. — Dlstrlbatlon  of  the  normal  annual  rainfall  of  Porto  Blco,  in  inclu!8. 


Fio.  14. — Annual  rainfall  of  Porto  Blco,  in  inches,  dnrlnf  1007 — a  dry  jear. 
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Fio.  16. — ^Annual  rainfall  of  Porto  Bleo,  In  inches,  during  1901— a  wot  year. 

Tablb  11. — Weight  of  rainfall  during  hurricane  of  Auguet  8,  1899. 

Average  rainfall  over  entire  island  (80  hours) inches..  10 

Area  of  island square  miles..  8, 000 

Weight  of  a  sheet  of  water  10  inches  deep tons  per  acre..  1, 130 

Do tons  per  square  mile..  723,200 

Do : tons,  whole  island..  2,602,920,000 

Depth  of  rainfall  over  center  of  island  (25  square  miles) .  Jnches..  23 

Weight  of  23  inches  of  water tons  per  square  mile..  1, 003, 800 

Do tons  over  25  square  miles..  41, 584, 000 


Tablb  12. — Summarff  of  rainfdU  data,  island  of  Porto  Rico, 


Yt». 

Totid 
annual 
ninbIL 

Qnatest 

local 

annual 

ndnftOl. 

Least 

local 

annual 

rein&U. 

Oreatent 

TalnftOl 

in  34 

hoors. 

Number 

of  days 

witb 

.rain. 

1889 

/ncket. 
80.40 
77.52 
03.82 
82.65 
69.09 
75.13 
72.06 
68.39 
63.54 
66.96 
79.65 
66.83 
72.58 
68.25 
64.71 
67.74 

140.06 
151.92 
168.96 
141.17 
115.08 
131.01 
122.13 
107.03 

99.58 
107.11 
127.45 
107.64 
109.31 
121.73 

99.00 
138.50 

JndUM. 
50.62 
39.89 
38.51 
46.08 
2L42 
86.00 
30.12 
26.86 
20.60 
29.70 
5L02 
23.98 
28.77 
85.83 
23.43 
1&83 

/fieftet. 
23.00 
12.23 
17.02 
9.00 
6.40 
6.00 
8.05 
8.48 
7.10 
5.38 
12.90 
18.22 
10.30 
10.72 
6.50 
10.70 

Doyt. 
182 

1900 

172 

i9w;:;:::::;:;;::::::;:;::::::;:;::::::::::;:::::::: 

170 

1902 

165 

1903 

152 

1904 

IJiO 

1905 

174 

1906 

169 

1907 ! 

171 

1908 

172 

1909 

167 

1910 

101 

1911 

174 

1912 

100 

1913 

171 

1914 

161 

Ifffftna                     

73.15 

129.58 

82.60 

10.75 

167 
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Table  13. — Summary  of  rainfall  data  for  entire  island  of  Porto  Rico  (1809-10 J i)^ 


Jan. 

Feb. 

Ifar. 

Apr. 

May. 

June. 

Average  rainfall  (Inches) 

3.68 
7.23 
L57 
8.10 

35.64 
0 

14 

17 
0 
L8 

2.52 

4. 25 
.47 

4.55 
22.64 

0 
10 
14 

3 

1.4 

3.87 
8.03 
1.57 
0.32 

10.45 
0 

12 

18 
7 
2.0 

4.04 
7.71 
1.22 

12.23 

26.21 
0 

11 

14 
6 
2.3 

7.43 
13.55 

4.11 
10.70 
82.80 

0 
14 
30 
10 

2.3 

6.88 

Greatest  monthly  rainfall  (inches) 

16.07 

Least  monthly  rainfall  (inches) 

2.85 

Greatest  rainfoll  in  24  hours  (inches) 

Greatest  local  monthly  rainfall  (inches).... 

Least  local  monthly  rainfall  (inches) 

Average  number  of  <la3rs  ¥dth  rain 

9.00 
33.30 

0 
14 

Oreatwt  number  of  days  with  rain 

20 

Least  number  of  days  with  rain 

9 

ICean  departure  from  normal  rainfkil 

3.8 

July. 

Aug. 

Sept 

Got. 

Nov. 

Dws. 

AmmaL 

Average  rainfall  (inches) 

6.32 

7.77 

8.00 

8.80 

7.70 
13.67 

8.87 
12.00 
30.58 
.45 
15 
10 

0 

8.4 

5.05 
0.40 
L67 

10.55 

22.  «3 
0 

14 

21 
8 
2.6 

73.06 

Greatest  monthly  rainlkU  (inches) 

Least  monthly  rainfaU  (inches) 

Greatest  rainmll  in  24  hours  (inches). . . 
Greatest  local  monthly  rainlUl  (inches). 
Least  local  monthly  rainfoll  (inches)... 

Average  number  of  days  with  rain 

Greatest  number  of  days  with  rain 

I^east  number  of  days  with  rain 

ICean  departure  from  normal  ralnfalL.. 

12.15 
4.3» 

17.08 

33.58 
0 

15 

ao 

11 
3.4 

15.72 
4.06 

33.00 

S3. 22 
.32 

15 

19 

13 
8.8 

11.55 
4.09 

18.22 
20.24 
.30 
16 
18 
14 
2.3 

14.61 
5.27 

10.72 

2&41 
.87 

16 

30 

18 
2.8 

03.83 
63.54 

23.00 
168.96 

18.88 
167 
183 
153 

10.8 

The  Chairman.  I  regret  very  much  that  time  does  not  permit 
us  to  give  more  attention  to  these  very  interesting  and  valuable  pa- 
pers. I  think  we  can  spend  a  few  minutes  in  their  discussion.  We 
do  not  want  to  limit  the  debate  too  much. 

Mr.  Church.  I  should  like  to  ask  Prof.  Cox  the  reason  why  the 
Great  Lakes  do  not  freeze  over  in  the  winter. 

Mr.  Cox.  I  presume  because  the  winter  is  not  long  enough.  That  is 
the  only  reason  I  can  give.  It  is  an  actual  fact  that,  so  far  as  people  liv- 
ing in  the  vicinity  know,  Lake  Michigan  has  never  frozen  over.  Even 
when  the  ice  extends  for  miles  and  miles  around  the  southern  portion 
of  the  lake  a  good,  strong  southerly  wind  will  take  that  ice  away  in  a 
few  hours,  and  there  will  be  clear,  open  water.  I  can  not  state  posi- 
tively whether  Lake  Superior  has  ever  frozen  over  or  not. 

Mr.  Henrt.  There  is  an  authentic  record  of  crossing  from  Thunder 
Bay,  on  the  north  shore,  to  Isle  Eoyale.  I  can  say  further  that  ice 
never  forms  in  Lake  Superior  until  January,  and  that  ice  forms  over 
the  western  portion  as  far  as  the  eye  can  reach. 

Mr.  Clayton.  The  whole  body  of  a  lake  must  fall  to  a  given  tem- 
perature before  freezing  takes  place  on  the  top.  Mr.  Fiti^gerald  made 
a  very  careful  study  of  that,  and  he  found  that  the  temperature  of 
the  water  falls  to  39^,  when  it  begins  to  sink  until  the  whole  body  of 
the  lake  has  reached  a  temperature  of  39**.  Then  the  water  on  top 
falls  to  a  lower  temperature  and  ice  forms,  and,  as  it  becomes  lighter 
than  the  water  below,  it  stays  up ;  but,  as  I  say,  the  whole  body  of  the 
lake  must  fall  to  a  temperature  of  89^  before  freezing  can  begin; 
and  the  larger  the  body  of  water,  the  longer  it  takes  to  reduce  it  to 
that  temperature.     A  deep  lake  will  not  freeze  so  soon  as  a  shallow 
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one.  And  a  very  curious  fact  which  Mr.  Fitzgerald  brought  out  was 
that  the  whole  body  of  the  water  of  the  lake  turns  over  twice  a  year. 
When  the  temperature  has  reached  39^  in  the  autumn  the  wind  com- 
ing from  any  direction  blows  it  to  the  opposite  shore.  The  whole 
lake  turns  completely  over,  and  the  algoe  and  other  things  on  the 
bottom  come  to  the  surface.  Then,  as  summer  is  approaching,  the 
upper  waters  get  warmer  and  the  colder  water  stays  below.  As  win- 
ter approaches  the  colder  water  is  lighter  than  that  below,  and  so  the 
lake  can  only  turn  over  during  a  few  days  at  the  beginning  and  the 
ending  of  that  critical  period  when  the  whole  lake  is  at  the  tempera- 
ture of  30^.  That  is  the  time  ^hen  they  have  the  most  trouble  from 
the  algo)  and  the  things  brought  up  in  the  water  from  the  bottom. 
They  did  not  know  for  a  long  time  just  why  that  was  so. 

The  Chaibhan.  If  there  are  no  other  matters  before  us,  the 
meeting  stands  adjourned  until  Monday  morning  at  0.30  o'clock. 


SESSIOH  OF  SUBSECTION  B  OF  SECTION  n. 

Carnegie  Ikotitution, 
Monday  morning^  January  J,  1916. 

Chairman^  Charles  F.  Marvin. 

The  meeting  was  called  to  order  at  9.80  o'clock  by  the  chairman. 

The  Chairman.  I  will  now  call  for  the  first  paper,  **  Climatic 
fluctuations  in  historic  times,''  by  Rev.  Antonio  Gal&n,  S.  J.,  of 
Woodstock  CoUege,  Woodstock,  Md. 

FLUCTUACIONBS  CLIMAT0L6GIGAS  EN  LOS  TIBMPOS 
HIST6RIC0&    . 

Por  ANTONIO  GALAN,  S.  J. 
Profe^or  del  WoodMtock  CoUege,  Wooditook,  Md. 

Nadle  pnede  poner  hoy  en  doda  que  nuestro  planeta  ha  sufrido  cambioa 
cliinatol6gico0  de  gran  importancia.  Groelandia,  Espizberga  y  Alaska,  con 
BUS  plantas  fMles  de  la  flora  terdarla,  nos  dicen  que  durante  el  perfodo  ter- 
darlo  dlsfrutaban  de  un  dima  pareddo  al  que  en  nuestros  dfas  goza  el  norte 
de  Italia. 

Sabemos  por  otra  parte  que,  durante  el  perfodo  glacial,  una  capa  de  hlelo 
cnbrfa  el  norte  de  Europa  hasta  los  51*  N.  y  el  norte  de  AmMca  hasta  los  40*  N. 
Mds  adn ;  los  ge^logos  modemos  oplnan  que  el  perfodo  glacial  no  conslstld  en 
una  sola  glaclacl6n,  sino  que  osdld  con  perfodos  gladales  e  Intergladales. 
Penck,  por  ejemplo,  ha  estudlado  y  dlscutldo  cnidadosamente  la  sucesidn  de 
estos  perfodos  en  Espafia. 

Que  la  dlstrlbud6n  de  los  elementos  dlmatoldglcos  en  nuestros  dfas  no  es 
del  todo  constante,  aparece  en  los  estudios  que  de  tlempo  en  tlempo  salen  de  los 
dlstintos  Observatorlos,  y  en  los  que  pueden  segulrse  los  pequefios  camblos 
que  tlenen  lugar  de  un  afio  a  otro  o  de  una  a  otra  dtoida.  No  estd  muy  lejano 
el  dfa  en  que  ces6  el  retroceso  de  los  ventlsqueros  de  los  Alpes,  y  en  nuestros 
dfas  se  est&n  notando  movlmlentos  locales  en  dlrecddn  contrarla. 

Pero  6qu6  dedr  de  ese  largo  Intervalo  que  nos  separa  de  la  Inderta  fedia  de 
los  perfodos  gladales?  La  gran  autorldad  modema  en  Climatologfa,  el  Dr. 
Julio  Hann,  escribe: 

La  cuestl6n  de  si  el  dima  ha  cambiado  o  no  en  los  tiempos  hist6ricos  ha  dado 
pie  a  numerosas  investlgaclones  y  discusiones,  pero  sin  resultado  dedsiva 
Frecuentemente  se  ha  creido  probar  sin  g^nero  de  duda,  que  el  dima  de  una 
deterniinada  regi6n  habfa  cambiado ;  pero  pronto  se  ha  visto  que  es  igualmente 
poslble  probar  todo  lo  contrario.  Sin  embargo  este  problema  es  aun  discutible, 
y  In  comdn  afirmnci6n  de  que  el  dima  no  cambia,  no  es  consecuenda  mils 
legitima  de  los  hechos  hasta  ahoni  conocidos,  que  la  opinion  contraria. 

Existe  pues  una  gran  laguna  poco  explorada  adn  entre  las  pequefias  varia> 
dones  dlmatoldgicas  de  nuestros  dfas,  y  aquellas  portentosas  variadones  del 
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remoto  pasado,  que  dieron  orfgen  a  IO0  perfodos  glaciales.  Y  sin  embargo,  es 
de  Iniportancia  suma  echar  el  puente  que  pueda  salvar  esa  laguna.  El  mejor 
profeta  del  futuro  es  el  pasado;  y  nuestras  profecfas  serdn  tonto  m&s  s^uras 
cuanto  m&s  de  cerca  podamos  escuchar  la  vok  de  ese  profeta. 

En  1914  public^  el  Dr.  Ellsworth  Huntington,  Profesor  de  la  Unlversldad  de 
Yale,  su  notable  trabajo  "  The  Climatic  Factor  as  Illustrated  In  Arid  America.** 
Bn  41  cree  haber  salvado  este  ablsmo  de  los  tiempos  hlst6rlco8. 

De  un  estudlo  detenido  de  las  rulnas  que  se  encuentran  en  una  extensa 
Area  de  Arizona  del  Sur,  Nuevo  Mexico,  Yucat&n  y  Guatemala,  parece  deducirse 
que  el  clima  de  estas  regiones  fu6  en  tiempos  hlsUkicos  esendalmente  distlnto 
del  presente. 

Uno  o  dos  ejemplos  bastardn  para  formarse  alguna  idea  de  la  fuerza  de  los 
argumentos  del  Dr.  Huntington.  El  Cafi6n  Ghaco  estii  sltuado  en  el  extremo 
Noroeste  de  Nuevo  Mexico.  Unos  cuantos  labriegos  indios  cultlvan  el  fondo 
del  valle,  pero  con  bien  mezqulnos  resultados.  Frecuentemente  ven  malo- 
gradas  sus  cosechas  por  falta  de  agua ;  y  cuando  el  mafz  logra  brotar,  no  pass 
de  dos  o  tres  pies  de  altura,  a  no  ser  en  afios  extraordinarlamente  f avorables ; 
baste  dedr  que  en  los  pasados  16  6  17  afios  no  han  logrado  mils  que  dos  cosechas 
regulares. 

Sin  embargo,  a  Jusgar  por  las  numerosas  ruinas  que  alU  se  encuentran,  no 
cabe  duda  que  poblaban  el  valle  en  el  pasado  gran  nt&mero  de  aldeas,  situadas 
a  corta  distancia  unas  de  otras.  De  la  solldes  de  sus  edlficios,  muchos  de 
ellos  de  pledra,  puede  conjeturarse  el  trabajo  que  supone  su  construcci6n,  st 
se  tiene  en  cuenta  que  los  aborfgenes  de  America  desconocfan  las  herramientas 
de  hierro,  de  las  que  no  se  encuentra  rastro  alguno  en  las  rulnas. 

Que  estas  aldeas  fueron  ocupadas  largo  tiempo  es  evldente  a  Juzgar  por  la 
inmensa  cantidad  de  cascos  de  vajllla  de  barro  que  por  todas  partes  se 
encuentran;  nl  es  probable  que  se  impusieran  tanto  trabajo  en  edlflcar  sua 
Yiviendas  pueblos  que  pensaran  permanecer  no  m&s  que  temporalmente  en 
estas  regiones.  Hemos  de  conceder  por  tanto  que  en  este  valle  y  sus  alrededores 
bubo  de  sustentarse  en  el  pasado,  alio  tras  afio,  lo  mismo  en  tiempo  adverso  que 
fiiYorable,  una  densa  poblaci6n  de  varios  miles  de  personas,  donde  al  presente 
un  puJlado  de  indios  luchan  ineflcazmente  contra  la  sequia. 

Como  segundo  ejemplo  examlnemos  las  rulnas  de  Tabira,  conocido  vulgar^ 
niente  con  el  nombre  de  Gran  Quivlra.  VstAn  situadas  a  6.000  pies  sobre  ^ 
nivel  del  mar,  en  la  parte  central  de  Nuevo  M^ico,  a  unas  65  millas  al  Sur^ 
Sudeste  de  Albuquerqua  Aquf  tu4  donde  los  misioneros  espafloles  establecieron 
una  de  las  mds  florecientes  mislones,  hecho  de  diffcll  explicacidn  a  no  haber 
sido  considerable  el  ntlmero  de  naturales.  Esto  indican  las  rulnas  de  los 
edlficios,  construldos  en  su  mayorfa  con  bloques  aproxlmadamente  rectangu- 
lares  de  pledra  caliza,  de  dos  plsos  muchos  de  ellos  y  algunos  probablemente  de 
tres.  Un  c&lculo  aproximado  indica  que  el  ntUnero  de  habltantes  pasaba  sin 
duda  de  mlL 

Cerca  de  estas  rulnas  existe  al  presente  un  solo  rancho,  ocupado  dnlcaraente 
en  tiempos  extraordinarlamente  favorables,  cuando  es  poslble  algtln  cultlvo 
del  terreno.  A  unas  15  mlllos  mds  al  Norte  se  han  establecldo  reclentemente 
algunos  rancheros,  pero  su  estado  econ6mlco  es  blen  precarlo.  Alios  ha  habldo 
en  los  que  nlnguno  de  ellos  ha  podldo  cosechar  lo  suflclente  para  su  mezquino 
sustento. 

Ahora  bien ;  si  tenemos  en  cuenta  que  los  aborfgenes  de  America  eran  en  su 
mayor  parte  agrf coins,  la  consecuencla  parece  clara;  donde  al  presente  apenas 
pueden  sustentarse  dlez  personas  no  pudleron  sustentarse  miles  en  el  pasado, 
a  CO  ser  que  el  terreno  fuese  menos  refractarlo  al  cultlvo,  lo  que  no  pudo  tener 
lugar  sin  que  el  clima  fuese  esencialmente  distlnto  del  actuaL 
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Pero  icu&l  fu6  el  car&cter  de  estos  notables  variaciones  que  parece  ban 
tenido  lugar  en  los  tiempoe  hIst6ricos7  ^Ha  venldo  empeorando  el  dima  en 
estas  rcglones  desde  los  tlempos  prehist6rlco8,  o  ha  sldo  pulsatorlo  el  cardcter 
de  este  camblo?  Y  si  ^to  es  asf,  ^cudl  ha  podldo  ser  su  causa?  £1  estudio  de 
las  ruiuas  no  parece  nos  pueda  dar  mucha  luz  sobre  este  particular. 

Recientes  estudios  sQbre  el  clima  de  Asia  parecen  haber  demostrado  que  el 
clima  de  aquella  regl6n  ha  estado  sometido  a  notables  cambios  climatol6giooB 
de  car&cter  pulsatorio  en  un  perfodo  de  2.500  alios,  desde  1200  A.  C.  a  1900 
D.  G.  Hoy  vemos  que  las  variaciones  climatol6gicas  en  los  R  U.  de  America 
y  en  Europa  parecen  verificarse  slmultdneamente ;  un  ejemplo  bien  reciente 
tenemos  en  el  verano  de  1911,  el  mds  caluroso  y  seco  que  durante  una  centurla 
se  ha  reglstrado  en  los  E.  U.  y  que  vino  acompaiiado  de  una  extraordinaria 
sequla  en  Inglaterra.  De  aquf  podrfamos  tomar  pie  para  deducir  que  las 
pulsaciones  asl&ticas  repercutleron  en  AmMca  durante  ese  largo  perfodo  de 
2.500  aiios. 

Los  estudios  del  Dr.  Huntington  sobre  las  terrazas  de  America  conflrman 
esta  hipdtesls.  De  su  comparaci6n  con  los  estudios  de  Penck  sobre  las  de  Asia» 
se  deduce  que  las  terrazas  de  America  concuerdan  en  sus  caracteres  principales 
«on  las  asi&ticas,  y  que  las  de  formacidn  mds  modema,  que  no  pueden  pasar  de 
2.000  o  3.000  alios,  dan  sefiales  de  pulsaciones  climatol6gicas. 

A  esta  misma  conclusi6n  llega  Mr.  Free  en  su  publicaci6n  "  The  topographic 
features  of  the  desert  basins  of  the  United  States"  donde  escribe:  "Toda  la 
historia  del  Lago  Otero  es  un  registro  de  grandes  y  continuos  cambios  climato- 
16gico6,  con  grandes  fluctuaciones  indicadas  por  las  variaciones  del  gran  lago 
antlguo  y  sus  sedimentos.  Sobrepuestas  a  estas  fluctuaciones  aparecen  muchas 
series  de  menores  pulsaciones,  las  mayores  de  las  cuales  pueden  leerse  en  el  triple 
record  de  la  variaci6n  topogrdfica  del  lago,  dunas  y  arroyos.  ...  En  general 
puede  decirse  que  la  cuenca  del  Otero  presenta  la  clase  de  fluctuaciones 
climatol6gicas  que  el  trabajo  de  Huntington  ha  demostrado  ser  tfpicas,  a  saber ; 
grandes  pulsaciones  de  largo  perfodo,  sobre  las  que  se  8obr^)onen  series  tras 
series  de  menores  pulsaciones  de  amplitud  y  perfodo  decrecientes." 

Pero  lo  que  a  nuestro  Juicio  da  mds  solidez  a  esta  hip6tesis  son  los  estudios 
del  Dr.  Douglass,  Profesor  de  la  Universidad  de  Arizona.  El  Dr.  Douglass 
sospechd  que  el  espesor  de  los  anillos  que  indican  el  desarrollo  anual  de  los 
drboles,  podrfa  guardar  relaci6n  con  la  cantidad  de  lluvia  de  los  afios  corres- 
pondientes.  Su  raciocinio,  hablando  en  general,  parece  concluyente.  Los 
anillos  que  indican  el  desarrollo  de  un  drbol  miden  su  alimentaci6n ;  ^ta  de- 
pende  en  gran  parte  de  la  humedad  del  terrene,  sobre  todo  si  no  es  excesiva  y 
la  lucha  por  la  existencia  es  en  el  drbol  mds  bien  contra  la  sequfa  que  contra 
la  vegetaci6n  que  le  rodea.  Por  lo  tanto,  los  anillos  de  un  drbol  que  se  en- 
cuentre  en  estas  condiciones,  es  muy  probable  que  mldan  de  algdn  modo  la  pre- 
dpitacidn  acuosa. 

Llevado  por  estas  ideas  emprendi6  en  1001  sus  investigaciones  en  los  pinos 
de  Arizona  del  Norte.  La  ausencia  de  vegetaci6n  de  otra  especie  y  la  naturaleza 
del  terreno,  en  el  que  los  drboles  son  extraordinariamente  senslbles  a  la 
humedad,  hacen  que  esta  regi6n  sea  especiaimente  favorable  para  esta  clase 
de  investigaciones. 

Despu^s  de  la  esmerada  medici6n  de  los  anillos  de  un  gran  ndmero  de 
drboles,  y  construida  la  curva  que  representa  el  desarrollo  anual  para  un 
perfodo  de  40  afios  (1870-1910)  pasa  a  comparar  esta  curva  con  la  de  la 
varlaci6n  anual  de  la  lluvia  en  Prescott  para  ese  mismo  perfodo,  y  con  la  de 
Flagstaff  para  un  perfodo  de  10  afios  (1900-1910).  La  concordancia  no  s61o 
en  la  forma  general,  slno  tambl^n  en  numerosos  detalies,  hace  sumamente 
probable  que  exLsta  entre  estas  curvas  la  relaci6n  que  se  busca. 
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La  canra  wAb  importante  presentada  por  ^  Dr.  Doui^an  ea  la  de  Fla^ 
staff,  que  ae  extiende  a  nn  perfodo  de  600  afioa  (1400-1900).  En  eUa  se 
deatacan  trea  notables  oscilaciones  con  nn  perfodo  de  150  afioa ;  oacUadonea  te 
menor  importanda  aparecen  oon  perlodoa  de  11,  21  y  88.8  afioa. 

La  conaecnenda  principal  que  pnede  dedndrae  de  esta  curra  ea,  qne  si 
admitimos  que  sns  oscilaciones  correqionden  a  cambios  climatol6gicoa»  heoHMi 
de  admitlr  la  ezistenda  de  notablea  pnlaacionea  climat<^dgica8  en  los  tiempos 
hist6ricos. 

El  estudio  de  los  diversos  ddos  se  prestarfa  tambite  a  interesante  diacosidn. 
Asf  por  ejemplo ;  el  dclo  de  11  afioa  aparece  en  la  curva  en  nna  extenaidn  de 
400  afios.  Ck>mparAndole  con  la  cnrra  de  laa  manchas  aolares,  se  adylerte  nna 
concordanda  notable,  tanto  mfia  significatiTa  cnanto  que  no  ha  nradM  ae 
hall5  en  Eberswalde  (Alemania)  nna  concordanda  sorprendente  entre  la 
cnrva  del  desarrollo  de  los  Arboles  y  la  de  laa  mandiaa  aolarea  en  el  perfodo 
de  80  afios  (1830-1910).  Estas  concordandas,  si  Uegaran  a  confirmarse,  indl- 
carfan  que  las  manchas  solares  afectan  al  desarrollo  de  los  drboles  por  medio 
de  las  variadones  qne  parecen  introdudr  en  los  elementos  dimatoldgicos. 

Que  laa  variadones  de  estas  cnrvas  obedecen  en  gran  parte  a  laa  varia- 
dones de  hnmedad  parece  estar  probado  por  nnmerosas  comprobadones,  de 
las  qne  solo  dtaremos  nna,  por  la  manera  peculiar  en  que  vino  a  encon- 
trarse  una  comprobad6n  mds,  donde  al  parecer  ae  presentaba  una  contra- 
dicd6n. 

Las  cnnras  que  representan  el  desarrollo  de  los  pinos  amariUos  en  Nuevo 
Mexico  e  Idaho,  para  el  perfodo  1000-1900,  presentan  osdladones  diametral- 
mente  opuestas.  Donde  la  una  sube  a  un  m&ximo  aparece  un  mfnimo  en  la 
otra,  y  yiceversa,  con  la  particularldad  de  que  la  importanda  relativa  de  estas 
fases  es  la  misma  en  ambas  curvas.  Pues  bien :  comparando  la  curva  de  Uuvia 
para  dnco  estadones  de  Idaho  con  la  de  siete  estadones  de  Nuevo  M&dco  en  el 
perfodo  1894-1907,  apared6  que  dnicamente  en  cuatro  cases  ondulan  laa 
curvas  en  la  misma  direcd6n ;  en  todo  lo  restante  del  perfodo  las  onduladones 
son  completamente  opuestas.  Tal  colncldenda  con  las  curvas  del  desarrollo 
de  los  Arboles  en  ambas  regiones  no  parece  ser  fortuita. 

Por  este  mismo  m^todo  se  han  estudiado  curvas  para  otros  muchos  puntos  de 
los  E.  U.  tan  apartados  como  Maine  e  Idaho,  California  del  Sur  y  Missouri,  y 
de  su  discusidn  creemos  que  el  Dr.  Huntington  puede  deducir  Idgicamente  la 
consecuenda  de  que  el* desarrollo  de  los  Arboles  parece  estar  caracterizado  en 
los  E.  U.  por  largos  e  importantes  ciclos  de  un  perfodo  de  100  o  200  afios,  que 
afecta  todas  las  partes  de  esta  region.  Fen6meno  que  cubre  una  drea  tan  ex- 
tensa  no  parece  que  pueda  deberse  a  otra  causa  que  a  cambios  de  clima. 

Vamos  a  terminar  el  estudio  de  este  interesante  m^todo  con  la  que  a  nuestro 
luicio  es  la  mds  importante  de  las  curvas  segun  41  construidas.  Es  la  que 
estudia  para  un  perfodo  de  3,000  afios  el  desarrollo  de  la  Sequoia  Washing- 
toniana,  drbol  gigante  exclusivo  de  California.  En  pleno  desarrollo  miden  estos 
drboles  un  didmetro  de  25  6  30  pies,  y  llegan  a  una  altura  de  800;  a  25  pies 
de  la  copa  el  didmetro  del  tronco  es  adn  de  unos  10  6  12  pies.  Su  ednd  es  adn 
mds  sorprendente  que  su  tamofio;  no  puede  dedrse  que  este  drt>ol  ha  llegado 
a  la  vejez  si  no  cuenta  17  6  18  centurias.  En  su  estudio  el  Dr.  Huntington 
cont6  los  anillos  de  79  Sequoias  que  pasaban  de  2,000  afios,  los  de  tres  que 
pasaban  de  los  3,000,  y  de  una  de  8,210.  Fdcilmente  se  ve  que  un  drbol  de  estas 
cualidades  se  presta  como  ninguno  para  el  estudio  del  pasado.  Antes  de 
comenzar  sus  estudios  en  America  habfa  publicado  el  Dr.  Huntington  en  su 
obra  **  Palestine  and  its  Transformation  '*  una  curva  basada  en  datos  hist6rioos 
y  geol6gicos  para  el  estudio  de  las  variadones  dimatoldgicas  del  Asia,  que 
cubre  el  mismo  perfodo  de  8,000  afios. 


ASTBONOMT,  HETEOBOLOGY,  AND  SBISMOLOOY.  479 

Aporecen  algumui  dtscrepandas  notables  en  alios  para  los  que  ^  trazado  de 
la  curva  asiAtlca  es  flcticio  a  causa  de  la  ausencia  de  datos ;  pero  el  hecho  de  que 
las  ondulaciones  generales  de  las  curvas  concuerdan  esencialmente  en  una  ex- 
tension de  mds  de  2,200  afios,  da  pie  para  juzgar  que  las  prindpales  pulsadones 
cllmatol6glca8  de  las  partes  central  y  occidental  de  Asia  concuerdan  con  las 
de  la  misma  latitud  en  el  Oeste  de  America.  SI  esto  es  asl  parece  podemos 
llegar  a  la  Importante  conclusion  de  que  las  regiones  continentales  que  Uenen 
la  misma  latitud,  y  gozan  en  las  distintas  estadones  de  una  mlsma  dlstribuddn 
de  Uuvia,  ban  pasado  simultdneamente  por  pareddas  fluctuadones  dimatold- 
glcas,  mientras  que  cambios  correspondientes,  aunque  no  de  la  misma  na- 
turaleza,  se  yerificaban  en  otras  latitudes,  lo  que  bace  soepechar  que  estos 
cambios  ban  podldo  deberae  al  desplazamlento  de  las  sonas  dlmatolOgicas  de 
nuestro  planeta. 

Veamos  brevemente  quO  grade  de  probabilidad  puede  concederae  a  esta 
bip6tesia.  Es  bien  sabido  que  las  Uuvias  en  los  B.  U.  provlenen  en  su  mayor 
parte  de  tormentas  de  cahlcter  cid6nica  El  curso  de  estas  tormentas  eiitA 
determinado  por  la  posici6n  de  las  Areas  mds  o  menos  permanentes  de  alta  y 
baja  presidn. 

El  enfriamlento  de  los  continentes  es  en  inviemo  mds  r&pido  que  el  de  los 
mares.  Entonces  es  cuando  la  diferenda  de  presidn  entre  los  E.  U.  y  ^ 
Atl&ntico  del  Norte  llega  a  su  m&ximo,  las  pendlentes  baromOtricas  iEK>n  mds 
pronunciadas,  en  la  parte  central  del  continente  aparece  una  drea  p^rmanente 
de  alta  presi6n,  y  las  tormentas,  que  ec  distintas  condidones  pasarlan  d^ 
Padfico  al  Atldntico  sin  notable  desviad6n  en  su  curso,  se  ven  forzadas  a  cruzar 
por  mds  bajas  latitudes. 

Segtkn  esto  bastaria  admltir  que  en  ^MXias  remotas  de  los  tlempos  bist6rico8 
ezlstian  dreas  permanentes  de  alta  presidn  en  latitudes  mds  baJas  que  las  que 
hoy  ocupan,  para  comprender  c6mo  las  tormentas  de  los  B.  U.  pudieron  Invadir 
en  esta  6poca  mds  bajas  latitudes  que  las  que  boy  cruzan,  favoreciendo  con 
abundantes  lluYlas  las  hoy  dridas  regiones  del  Suroeste. 

Los  redentes  estudios  climatol6gicos  llevados  a  cabo  en  Asia  y  Am^ica, 
hacen  sumamente  probable  la  hipdtesis  de  que  los  cambios  cUmatol6gicos  en 
los  tiempos  histdricos  fueron  del  mismo  cardcter,  aunque  no  de  la  misma  im- 
portancia,  que  los  del  perlodo  gladaL  Ahora  bien;  las  regiones  continentales 
en  estado  de  gladaddn  parecen  ser  el  asiento  de  dreas  permanentes  de  alta 
pre8i6n,  como  lo  Indican  los  fuertes  y  continues  vientos  que  hoy  parten  del 
continente  Antdrtlco. 

En  una  Opoca  de  glaciaci6n  mdxlma,  una  drea  de  alta  presidn  podrfa  cubrir 
durante  todo  el  aQo  buena  parte  de  la  region  Nordeste  de  los  E.  U.  Las  pendlen- 
tes baromOtricas  serfan  mds  escarpadas,  aumentando  de  este  modo  la  fuerza 
de  los  vientos  y  el  ndmero  de  tormentas,  que  habrfan  de  segulr  mds  baJas 
latitudes. 

Que  esta  hipdtesls  no  carece  de  probabilidad,  se  desprende  de  las  redentes 
investigadones  del  Dr.  Huntington  sobre  la  peninsula  de  Yucatdn  y  regiones 
circunvecinas.  Aqui  vivieron  y  progresaron,  como  pocas  razas  en  la  hlstoria 
de  las  naciones  ban  progresado,  los  antiguos  Mayas,  que  nos  ban  dejado 
profundamente  marcados  en  las  maravlllosas  rulnas  de  sus  dudades  y  temples 
los  rasgos  de  una  sorprendente  actividad  intelectual  y  flsica.  Oran  ndmero  de 
estas  rulnas  se  levantan  en  medio  de  selvas  troplcales  de  imposible  conquista, 
y  donde  reina  la  tan  temible  fiebre  malaria.  En  otro  tiempo  sin  embargo 
fueron  el  centre  de  asombrosa  dyllizaddn,  que  en  ellas  bubo  de  desarrollarse 
centuria  tras  centuria.  Lo  que  mds  llama  la  atend6n  eh  estas  ruinas  es  no  s61o 
su  ndmero,  su  tamafio  y  su  solidez,  sine  mds  adn  la  orlginalidad,  variedad  y 
dellcadeza  de  su  omamentaddn.     Ellas  nos  dicen  que  los  antiguos  j^catecos, 
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sin  el  anxilio  de  herramlentaB  de  hlerro,  que  si  es  derta  so  historia  d^  todo 
descoDocfan,  trabajaron  generaci6n  tras  generac!6n  en  levantar  templos  j 
ciudades,  cuyas  ruinas  son  tnicamente  sobrepujadas  por  las  de  la  antigua 
Grecia. 

Palenque  en  el  Estado  de  Chiapas,  y  Tikal  en  Guatemala,  enderran  en  medio 
de  las  mds  densas  selvas  que  se  conocen,  magnfficas  ruinas  con  madzos  muros 
>'  coluniiias  de  piedra,  labrados  con  exquisito  esmero.  Solo  grandes  dudades^ 
habitadas  largo  tiempo  por  densa  poblad6n  pudieron  dejar  tales  rastros ;  y  esta 
poblaci6n  bubo  de  ser  en  alto  grado  laboriosa  y  activa. . 

Hoy  la  selva  con  su  temperatura  ig'ial  y  enervante,  su  humedad,  sus  flebres 
y  su  exuberante  vegetaci6n  pone  un  dique  infranqueable  a  su  conqulsta.  iQu6 
clase  de  clima  gozaban  en  otro  tiempo  los  habitantes  de  estas  regiones?  No  es 
aventurarse  mucho  dedr  que  de  seguro  era  menos  enervante  que  al  presente» 
menos  caluroso,  menos  htimedo,  y  que  por  tanto  no  86I0  impedfa  el  brote  de  la 
inculta  selva,  sino  que  comunicaba  actividad  y  vigor  a  los  que  en  61  vivfaii« 
fisto  supuesto,  veamos  si  la  teoria  del  desplazamiento  de  las  sonas  dlmato> 
l^cas  pudo  dar  este  resultado. 

Si  las  tormentas  que  hoy  cruzan  los  R  U.  fueron  empujadas  hada  el  Sur 
por  las  altas  presiones  del  Norte,  Tucatdn  y  los  estados  adyacentes  gozarfan 
del  clima  variado  y  estlmulante  que  hoy  reina  en  la  parte  central  de  America 
del  Norte.  Los  vientos  alisios,  que  soplando  continuamente  del  mar  producen, 
en  comblnaci6n  con  las  bajas  presiones  ecuatoriales,  lluvias  abundantes  en  todas 
las  estaciones  del  afio,  no  podrfan  subsistir  sino  en  mds  baJas  latitudes.  La 
estad6n  seca  seria  por  tanto  mds  prolongada  e  intensa,  la  temperatura  mds 
baja,  y  el  dima  en  general  m&s  vigorizador  y  variado. 

Ocurrirfa  ahora  preguntar  cudles  pudieron  ser  las  causas  que  dieron  lugar 
a  este  desplazamiento  de  las  zonas  climatol6gicas ;  pero,  dados  los  estrechos 
Itmites  de  este  discurso,  hemes  de  terminar  aqut  No  quisitoimos  sin  embargo 
omitir  una  observaddn  acerca  del  m^todo  del  Dr.  Douglass. 

La  gran  dificultad  en  estudiar  las  reladones  entre  los  distintos  elementos 
dlmatol6gicos  en  las  diversas  regiones  estd  prindpalmente  en  que  apenas  si  se 
encuentran  registros  de  observadones  meteorol6gicas  que  cubran  m&s  de  una 
centui^ia.  Ahora  bien :  en  el  estudio  de  las  curvas  del  desarrollo  de  los  drboles 
hemes  visto  que  el  perfodo  de  las  mds  Importantes  pulsadones  excede  este 
ndmero  de  alios.  Por  tanto  parece  esencial  que  busquemos  registros  de  obser- 
vadones de  largo  perfodo,  si  queremos  formamos  alguna  idea  de  los  cambios 
climatol<3gicos  del  pasado,  y  acercamos  m&s  de  este  modo  al  conodmiento  de  las 
causas  de  los  cambios  presentes,  y  a  la  predicd6n  de  los  futuroa 

Esta  es  la  raz6n  porqu4  los  estudios  de  los  Drs.  Huntington  y  Douglass  han 
llamado  particularmente  nuestra  atenci6n.  Si  hAbiles  investigadores  cientfflcos 
se  animaran  a  adoptar  estos  m^todos  modemos  en  diversas  regiones,  unos 
cuantos  alios  bastarfan  para  la  construcd6n  de  curvas  que  cubrieran  un  perfodo 
de  800  6  400  alios  al  menos,  en  las  prindpales  regiones  del  globo.  La  com- 
parad6n  de  la  dltima  parte  de  estas  curvas  con  los  records  de  los  distintos 
observatories  harfa  ver  qu4  condidones  cliraatoI6gicas  favorecen  o  impiden  el 
desarrollo  de  los  drboles,  y  quizA  pudiera  determinarse  qu6  dase  de  desarrollo 
corresponde  a  afios  de  tfpicas  condidones  dimatol6gicas. 

Notemos  ademds  que  los  drboles  en  su  desarrollo  integran  los  etectos  de  las 
variadones  de  los  distintos  elementos  climatol6gicos  sobre  la  vegetad6n. 
Pudiera  pues  llegarse  a  tener  combinados  en  una  curva  lee  efedos  de  los 
distintos  elementos  climatoldgicoe  en  la  vegetad6n«  lo  que  varias  veces  se  ha 
intcntado  con  mezquinos  resultados. 

Hemes  visto  que  en  las  curvas  aparecen  perfodos  bien  marcados  en  las 
▼ariadooes  dlmatoldglcas.    El  estudio  de  muchas  mds  curvas  en  las  diversas 
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regiones  ayudnrfa  probnblemente  a  aclarar  este  interesante  punto  de  la  climato- 
logfii  nioderna,  y  un  conocliniento  de  los  pecullares  caracteres  de  estos  cicloa 
es  daro  que  serfa  factor  inestimable  en  la  predicci6n  del  futuro. 

Es  evldente  que  4stas  y  otras  ventajas  de  este  estudio,  8obi*e  las  que  se  podrfa 
especular,  son  nada  mds  que  posibilidades ;  pero  estas  posibilidades  parecen 
bien  fundadas  por  los  resultados  obtenidos  hasta  el  presente,  y  no  creemoa 
pueda  tenerse  por  perdido  el  trabajo  que,  segtin  la  fellz  expresi6n  del  Dr. 
Huntington,  pudiera  hacer  que  avanzdi-amos  un  paso  mds  en  este  maravilloso 
mmino  que  lleva  al  conoclnilento  de  la  que  algunos  llaman  Ley  del  Unlverso,  y 
otros  mds  profundos  pensadores  apellidan  La  Ley  de  Dios. 

Chairman  Mabvin.  The  next  paper  is  by  Dr.  I.  M.  Cline,  on 
^^  Temperature  conditions  at  New  Orleans,  as  influenced  by  subsur* 
face  drainage.*' 


TEMPERATURE  CONDITIONS  AT  NEW  ORLEANS*  AS  INFLUENCED 
BY  SUBSURFACE  DRAINAGE. 

By  ISAAC  M.  CLINE, 
District  Forecaster,  United  States  Weather  Bureau,  New  Orleans,  La. 

New  Orleans,  situated  as  it  is  near  the  center  of  the  great  delta  of  the 
Mississippi  River,  is  admirably  located  for  the  study  of  the  subject  under  con- 
sideration, because  decided  changes  in  physical  conditions  have  been  brought 
about  artificially,  commencing  al>out  15  years  ago.  When  the  subsurfaoe 
drainage  of  New  Orleans  was  planned  and  carried  into  effect  tlie  probability 
tliat  the  climate  of  the  locality  might  be  influenced  was  not  taken  into  consid- 
eration. However,  the  frequent  occurrence  In  recent  years  of  high  tempera- 
tures, which  general  meteorological  conditions  as  shown  on  the  weather  map 
did  not  account  for,  has  suggested  a  study  of  the  causes  which  might  be  re- 
sponsible for  the  Increased  frequency  of  the  occurrence  of  high  temperatures. 

NATURAL   PHYSICAL   COlfDITIOlfS   IN    AND   ABOUT    ZVKW    0BLBAN8. 

For  many  years  portions  of  the  waters  of  the  Mississippi  River  found  their 
way  to  the  Gulf  through  Manchac  Bayou,  Lake  Maurepas,  Lake  Ponchartrain, 
and  the  Rigolets  into  Lake  Borgne  and  into  Mississippi  Sound,  through  the 
Atchafalaya  Bay  by  way  of  the  river  of  the  same  name,  and  through  many 
other  smaller  bayous  traversing  both  the  east  and  west  portions  of  the  delta 
and  discharging  into  the  Gulf  of  Mexico.  The  extension  of  the  levee  system 
has  gradually  closed  all  of  these  outlets  to  the  Gulf  except  those  through  the 
Atchafalaya  and  the  Mississippi  River  proper.  The  latter  passes  through  New 
Orleans,  being  in  places  more  than  100  feet  in  depth,  and  winding  Its  way  in  a 
serpentine  manner  to  the  Gulf  of  Mexico,  covering  about  100  miles  In  its 
course.  The  closing  of  the  outlets,  while  they  reduced  the  area  of  surface 
water  to  some  extent,  left  their  old  channels,  which  are  wide  and  in  many 
places  of  considerable  depth,  and  the  Gulf  water  in  large  quantities  backs  up 
through  these  Into  Lake  Ponchartrain  and  Lake  Maurepas,  to  the  north  of 
New  Orleans,  and  up  through  Barataria  Bay,  Little  Lake,  Lake  Salvadore,  and 
Lake  des  Allemands,  on  the  west,  forming  an  almost  complete  inclosure  of 
water  of  considerable  area  around  the  city,  which  for  many  years  spread  with 
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the  riae  of  the  tide  out  over  the  marshes,  frequently  to  a  depth  of  8  to  4  feet 
during  the  prevalence  of  easterly  winds.  The  coast  line  of  the  delta  region  Is 
very  Irregular,  Indented  by  numerous  bays,  and  Is  cut  up  by  thousands  of  small 
lakes  and  bayous  Into  a  labyrinth  of  peninsulas  and  Islands.  The  general 
shape  of  the  coast  Una  of  this  area  Is  the  arc  of  a  drde  convex  to  the  Gulf, 
the  radius  of  which  Is  about  65  miles.  The  greater  part  of  the  land  Is  marsh, 
the  fertile  alluvial  land  lnterq»ersed  being  the  only  portion  not  subject  to  over- 
flow by  tidewater. 

In  conjunction  with  these  areas  of  water  and  the  marsh  land  frequently  ooy- 
ered  with  water  surrounding  New  Orleans,  the  elevation  of  a  considerable  area 
of  the  city  is  only  a  few  feet  above  tidewater.  Storm  and  other  waters  were 
carried  off  over  the  surface  of  the  ground,  and  the  ground  water,  under  normal 
conditions^  was  level  with  the  surfiice  of  the  soil,  all  of  which  combined  would 
give  insular  climatic  conditions. 

IHFLUENPES  OF  PHYSICAL  OOlfDmOllS  Oil   THX  TCMPEIATUBB  OF  A  XOCALITT. 

So  that  we  may  better  understand  this  question  we  will  notice  briefly  the  vari- 
ations in  temperature  over  water  and  over  land  and  the  differences  in  the  effects 
resulting  from  radiation  over  the  water  and  over  the  ground,  the  gain  and  loss 
of  heat  by  radiation  being  the  chief  factors  in  determining  the  temperature  of 
any  locality.  Dry  land  is  heated  much  more  rapidly  by  solar  radiation  than 
water,  the  specific  heat  of  wat^  being  much  greater  than  that  of  dry  land. 
Equal  quantities  of  heat  acting  on  equal  areas  of  land  and  water  increase  the 
temperature  of  the  land  nearly  twice  as  much  as  they  do  the  temperature  of 
the  water.  This  does  not  take  into  consideration  the  fact  that  an  increase  in 
the  temperature  of  the  water  is  further  lessened  to  a  material  degree  by  the 
evaporation  from  the  water  surface,  thereby  rendering  latent  a  large  amount 
of  the  heat  received  from  solar  radiation.  Solar  radiation  penetrates  the  water 
to  a  depth  more  than  ten  times  greater  than  it  does  the  ground  and  at  the' 
same  time  the  water  surface  is  heated  to  a  much  less  degree  than  the  surface 
of  the  ground.  Water  in  turn  gives  off  its  heat  to  the  atmosphere  by  radiation 
and  conduction  much  more  slowly  than  the  ground,  so  that  we  have  a  slow 
heating  up  during  the  day  and  a  slow  cooling  off  during  the  night  in  the  atmos- 
phere overlying  bodies  of  water  as  compared  with  a  rapid  heating  up  daring  the 
day  and  a  cooling  off  during  the  night  over  the  land.  Water,  when  of  consider- 
able depth,  stores  up  a  much  greater  amount  of  heat  during  the  summer  and 
gives  it  off  much  more  slowly  during  the  winter  than  land,  and  we  have  lower 
day  and  higher  night  temperatures  and  lower  summer  maximum  and  higher 
winter  minimum  temperatures  over  bodies  of  water  than  we  find  over  bodies  of 
land  in  the  same  latitudes.  It  is  not  necessary  that  the  ground  be  covered  with 
water  to  obtain  these  results  in  some  degree,  because  the  very  wet  soils  warm 
up  more  slowly  in  the  summtt*  than  dry  soils,  both  because  of  the  high  specific 
heat  of  the  water  contained  in  the  soils  and  the  effects  of  cooling  by  evapora- 
tion. The  records  at  New  Orleans  made  prior  to  1900  show  that  temperatures 
were  modified  to  a  great  extent  by  the  water  element  predominating  in  that 
locality. 

ABTUICIAL  CHANGES  IN  PHYSICAL  CONDITIONS  AT  NEW  ORLEANS. 

Physical  conditions  as  they  existed  in  New  Orleans  prior  to  1900,  with  the 
ground  water  level  with  the  surface  of  the  earth,  water  continually  flowing 
through  open  drains  on  each  side  of  the  streets  and  in  many  places,  very  slug- 
gishly, and  oil  storm  water  carried  off  over  the  surface  of  the  ground,  not  only 
gave  a  bad  appearance  but  was  an  insanitary  condition  which  favored  the  breed- 
ing of  disease-bearing  mosquitoes  and  other  water  insects.  The  foregoing  con- 
ditions, while  favoring  an  equable  climate,  were  not  conducive  to  healthfulness 
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and  bocllly  comfort,  and  to  oTercome  these  objectionable  conditions  a  tax  was 
levied  by  popular  vote  some  20  years  ago  to  raise  funds  %vltli  which  to  obtain 
more  sanitary  conditions. 

Subsurface  drainage  was  commenced  In  1900,  and  an  immediate  result  was 
the  lowering  of  tlie  water  In  the  drainage  canals  8  to  10  feet  below  what  It  liad 
been  previously,  thereby  effecting  a  much  more  rapid  transfer  of  storm  and 
other  water  from  tlie  city  through  the  drainage  system  into  lAke  Ponchartraln. 
Lateral  storm  drains  10  to  30  Inches  in  diameter  connecting  the  various  por- 
tions of  the  city  with  tlie  drainage  canals  were  put  down,  and  at  the  close  of 
1914  there  were  in  operation  233  miles  of  lateral  drains.  The  operation  of 
sanitary  sewers  was  commenced  In  1903.  Prior  to  that  time  all  sewage  water 
was  discharged  into  wells,  one  or  more  to  each  residence  plat,  walled  up  and 
sealed  over  so  that  the  water  from  the  sewage  was  distributed  through  the 
soil  by  diffusion  and  gravity  and  carried  to  the  surface  with  the  level  of  tlie 
ground  water  then  existing.  There  are  now  in  operation  477  miles  of  sanitary 
{«wer  malns>  and  12,000,000  to  15,000,000  gallons  of  gronnd  water  are  carried 
off  through  the  sewerage  system  dally,  in  addition  to  the  amount  carried  off 
through  the  extensive  and  complete  storm  drainage  system.  The  results  ob- 
tained may  be  summed  up  as  follows:  No  water  flows  in  the  open  gutters  on 
the  streets  as  formerly;  storm  waters  and  the  millions  of  gallons  of  water 
discharged  daily  into  the  sewer  wells,  to  spread  out  through  the  soil  and  main- 
tain a  high  ground  water  level,  now  go  out  through  the  drainage  and  sewerage 
systems ;  and  the  ground  water,  instead  of  being  level  with  the  surface  of  the 
earth,  is  6  to  8  feet  l)elow  that  surface.  On  nearly  all  sides  of  New  Orleans 
large  areas  of  marshland  which  were  covered  the  greater  part  of  the  year  with 
tidewater  have  been  drained,  thereby  reducing  the  area  covered  with  wator 
much  below  what  it  was  formerly.  All  things  considered,  we  have  here  an 
excellent  opportunity  for  studying  the  effects  of  such  artificial  changes  in  the 
physical  conditions  of  a  locality  on  Its  temperature.  (For  plan  of  the  drain- 
age system  of  New  Orleans,  see  Chart  I.) 

HOW    SUCH   CHANGES    SHOULD   ATFECt  TBICPKBATUBES. 

Reference  has  already  been  made  in  a  general  way  to  the  influences  of  vmta 
and  land  on  radiation  in  determining  tlie  temperature  of  a  locality,  but  we 
have  no  records  made  previous  to  the  observations  at  New  Orleans  to  indicate 
to  what  extent  the  removal  of  surface  water  from  a  considerable  area  will 
influence  its  temperature  conditions.  However,  we  do  know  theoretically  that 
the  water  having  been  removed  from  a  considerable  area,  leaving  the  ground 
exposed  to  solar  radiation,  the  land  on  an  ideal  basis  would  heat  twice  as 
rapidly  during  the  day  and  would  cool  by  terrestrial  radiation  more  rapidly 
at  night  than  the  water  surface  did;  also,  on  the  approach  of  winter,  the 
ground  surface  would  cool  more  rapidly,  and  on  the  approach  of  summer  it 
would  heat  up  more  rapidly  than  the  water  surface  did.  We  also  know  that 
notable  differences  in  the  effects  produced  by  solar  radiation  and  terrestrial 
radiation  on  different  kinds  of  soils  have  been  found  to  exist,  giving,  under 
as  nearly  ideal  conditions  as  are  found  in  nature,  differences  in  temperature 
of  6  to  14*  In  localities  separated  by  only  a  few  hundred  yards.  Under  ideal 
conditions  we  should  find  a  decided  change  in  temperature  where  a  con- 
siderable area  has  been  changed  from  a  water  surface  or  a  ground  surface 
saturated  with  water  to  comparatively  dry  ground.  But  we  do  not  find  ideal 
conditions  for  the  study  of  the  effects  of  solar  and  terrestrial  radiation  on 
atmospheric  temperature  in  nature,  and  eiqiecially  they  are  not  to  be  found 
over  a  city. 
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Cnoodlness  retards  cooling  from  terrestrial  radiation  at  night  to  a  greater 
extent  than  It  retards  warming  up  from  solar  radiation  during  the  day.  Over 
large  cities  smoke  and  dust  particles  suspend^  In  the  atmo^here,  hundreds 
of  thousands  of  dust  motes  being  found  In  1  cubic  centimeter  of  air,  also 
retanl  cooling  from  radiation  at  night  The  inflow  and  mixture  of  air  from 
surrounding  areas  also  play  their  part,  the  extent  and  Influences  from  such 
sources  depending  on  the  direction  and  velocity  of  the  wind. 

Evaporation  being  an  Important  factor  in  retarding  a  rise  in  temperature 
from  the  effects  of  solar  radiation  on  a  water  surface,  the  Influence  of  shallow 


water  and  a  wet  soil,  such  as  prevailed  in  New  Orleans  prior  to  the  installa* 
tion  of  subsurface  drainage,  would  be  much  more  pronounced  in  their  effects 
on  day  temperatures  than  on  niglit  temperatures  and  on  summer  temperatures 
than  on  winter  temperatures.  Shallow  running  water  and  a  saturated  soli, 
while  preventing  a  material  rise  in  day  temperatures  as  the  result  of  radiation 
from  tlie  sun  during  warm  periods,  would  not  store  up  heat  to  materially 
Influence  winter  or  night  temperatures. 

Briefly,  from  the  foregoing  we  expect  to  find  the  effects  of  any  influences  on 
temperature  resulting  from  the  artlflclal  changes  in  physical  conditions  at 
Kew  Orleans  acting  in  a  more  pronounced  degree  on  day  temperatures  In 
summer  than  on  night  and  winter  temperatures.     Maximum  temperatures 
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Should  be  higher  and  there  should  be  a  well-defined  Increase  in  the  mean  dally 
maximum  temperature.  The  influences  which  such  changes  will  have  on  the 
minimum  temperature  depend  in  a  great  degree  on  atmospheric  conditions  at 
^ight,  but  the  higher  day  temperatures  should  be  reflected  in  the  minimum 
tempenitures  to  some  extent  We  should  get  lower  winter  and  higher  sum- 
ir.er  temperatures  and  a  higher  mean  temperature  than  prevailed  before  the 
artificial  changes  in  physical  conditions  were  made. 

The  changes  in  physical  conditions  at  New  Orleans  to  be  considered  of 
material  importance  in  influencing  temperatures  must  show  that  perceptible 
changes  in  temperature  have  been  brought  about  regardless  of  modifying  con- 
ditions. We  will,  however,  consider  the  influences  of  such  atmospheric  condi- 
tions as  interfere  with  solar  and  terrestrial  radiation  when  they  prevail  with 
regularity  to  a  marked  degree  in  any  months  in  nearly  all  years. 

Notwithstanding  that  New  Orleans  and  large  areas  of  the  surrounding 
country  have  been  drained,  thereby  materially  reducing  the  area  of  surface 
water  or  loml  with  the  ground  water  level  with  the  surface,  we  must  keep 
In  mind  that  bodies  of  water  in  the  form  of  lakes,  bays,  and  bayous  nearly 
surround  the  city,  and  the  influences  of  these  on  solar  and  terrestrial  radiation 
will  continue  to  control  to  some  extent  the  temperature  conditions  of  this 
locality. 

TEMPEBATUBS  OONDmONS  DUBINO   16  YEAB8  PBIOB  TO  AND  DUBINO   16   YEAB8   SUB- 
8XJBFACB  DBAINAGS  HAS  BKBN  IN  OPEEATION. 

We  will  compare  the  temperature  conditions  for  the  15  years,  1885  to  1899, 
inclusive,  which  covers  the  period  Just  prior  to  the  installation  of  subsurface 
drainage,  with  the  temperatures  for  the  15  years,  1900  to  19H,  inclusive,  the 
period  during  which  subsurface  drainage  has  been  in  operation.  Thermometers 
were  exposed  on  the  customhouse  from  1885  to  1914,  inclusive.  Our  attention 
having  been  attracted  to  this  subject  by  the  more  frequent  occurrence  of  high 
temperatures  in  recent  years  than  formerly,  we  will  first  notice  the  maximum 
temperatures.  The  temperature  had  never  reachced  100*  prior  to  1900,  but  in 
1901,  the  year  following  the  installation  of  subsurface  drainage,  a  temperature 
of  100*  was  recorded,  and  temperatures  of  100*  or  higher  have  been  recorded 
seven  times  since  1900,  against  none  prior  to  that  year.  Temperatures  of  95* 
or  higher  were  recorded  during  tlie  15  years  ended  with  1899  on  35  days,  while 
in  the  15  years,  1900  to  1914,  inclusive,  temperatures  of  95*  or  above  were 
recorded  on  74  days — an  increase  of  112  per  cent  over  the  number  of  days  with 
such  temperatures  in  the  15  years  Just  prior  to  the  installation  of  subsurface 
drainage.  The  highest  temperatures  occur  with  conditions  where  any  changes 
in  physical  conditions  at  New  Orleans  would  show  their  greatest  influence,  and 
thus  furnish  the  best  material  for  use  in  determining  the  effects  of  such 
changes  on  the  temperatures  of  the  locality.  The  increased  frequency  of  the 
occurrence  of  high  temperatures  is  more  pronounced  In  June  and  August  than 
In  the  other  months.  (For  the  distribution  of  temperatures  of  95*  or  higher 
see  Table  I.) 

Next  In  Importance  to  the  occurrence  of  unusually  high  temperatures  comes 
the  monthly  highest  temperature,  which  occurs  in  any  month  at  a  time  when 
atmospheric  and  ground  conditions  are  most  favorable  for  the  absorption  of 
solar  radiation.  Differences  shown  in  these  temperatures  by  the  records  made 
prior  to  and  subsequent  to  the  Installation  of  subsurface  drainage  are  interest- 
ing. The  averages  of  the  highest  monthly  temperatures  have  been  determined 
for  each  of  the  15-year  periods,  and  the  averages  for  the  period  during  which 
subsurface  drainage  has  been  in  operation  are  considerably  above  those  for  the 
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15  years  Just  prior  to  the  change  in  physical  conditions.  The  average  monthly 
ninxiinum  for  the  period  1900-1014  is  above  the  average  monthly  lunxinium 
for  the  period  1885-1809  in  every  month  except  December,  in  which  there  is  no 
difference.  Tlie  monthly  maximum  temperatures  average  1*  higlier  during  the 
15  years  subsurface  drainage  has  been  in  operation  tlian  during  the  lo  years 
Just  prior  to  the  change  in  physical  conditions.  Monthly  maximum  tempera- 
tures  are  given  in  Table  II,  with  the  averages  for  each  period  and  tlie  excess 
for  the  period  during  which  sul)surface  drainage  has  been  in  operation  over 
the  previous  15  years. 

Monthly  mean  maximum  temperatures,  determined  from  the  daily  maximum 
temperatures,  are  shown  for  both  periods  under  consideration  in  Table  IIL 
We  find  here  an  excess  for  the  period  1000-1014  o%-er  that  of  1885-1800  in  all 
months  except  February,  July,  and  December,  which  show  a  deflciencj.  The 
mean  of  the  daily  maximum  temperatures  averages  0.6**  daily  during  the  period 
1900-1014  above  the  mean  of  the  daily  maximum  temperatures  for  the  period 
1885-1800,  giving  an  annual  accumulated  excess  in  the  daily  maximum  tempera- 
ture of  about  210*,  and  an  accumulated  excess  of  8,285*  in  the  15  years  sub- 
surface drainage  has  been  in  operation  over  the  mean  of  the  daily  maximum 
temperatures  for  the  previous  15  years. 

Monthly  minimum  temperatures  for  the  two  periods  under  consideration 
are  given  in  Table  IV.  The  average  of  the  monthly  minimum  temperatures 
for  the  period  1000-1014  are  below  those  for  the  period  1885-1800  In  F^ruary, 
April,  May,  June,  and  July,  and  are  above  in  the  other  months  of  the  year. 

Monthly  means  of  the  daily  minimum  temperatures  are  given  in  Table  V. 
The  averages  from  these  for  the  period  1000-1014  are  above  those  for  the 
previous  15  years,  except  that  they  are  below  in  February,  April,  July,  and 
December,  the  average  daily  excess  being  about  0.4*. 

Monthly  mean  temperatures  for  the  t\vo  periods  are  given  in  Table  VL 
The  monthly  mean  temperatures  for  the  period  during  which  subsurface  drain- 
age has  been  in  operation  have  been  higher  than  the  montlily  mean  tempera- 
tures for  the  period  1885-1800  in  all  montlis  except  February,  April,  July,  and 
December.  This  mean  Is  obtained  from  the  daily  mean  of  the  maximum  and 
minimum  temperatures  and  merely  reflects  the  conditions  already  8ho\vn  in 
the  average  of  the  monthly  means  of  the  daily  maximum  and  the  monthly 
means  of  the  daily  minimum  temperatures. 

When  we  consider  the  mean  temperature  for  the  three  coldest  months  of 
the  year — ^January,  February,  and  December — together,  it  averages  0.4*  dally 
lower  during  the  period  1000-1014  tlmn  during  the  period  1885-1800,  showing  a 
lower  winter  temperature  than  formerly.  The  mean  dally  temperature  in 
the  other  months,  taken  together,  averages  0.8*  daily  higher  during  tlie  period 
1000-1014  than  during  the  period  1885-1800,  showing  a  higher  summer  tempera- 
ture than  formerly.  There  are  Interesting  exceptions — ^January  and  July,  the 
midwinter  and  midsummer  months.  January  shoAvs  an  average  higher  and 
July  an  average  lower  mean  temperature  for  tlie  period  1000-1014  than  for  the 
period  1885-1800.  The  occurrence  of  a  lower  mean  temperature  in  July  with 
the  changed  conditions  may  be  readily  explained  as  being  the  result  of  mete- 
orological conditions  peculiar  to  that  month.  Tlie  conditions  of  the  sky  in  July 
have  been  studied  closely  for  both  day  and  night  for  several  years  in  connection 
with  forecasting  and  some  interesting  features  have  been  noted.  Showers  occur 
in  some  parts  of  New  Orleans  nearly  every  day  In  July,  precipitation  being 
recorded  at  the  local  office.  Weather  Bureau,  on  an  average  on  tvvo  out  of  three 
days,  mostly  in  the  afternoon  and  Just  about  the  time  the  highest  temperature 
of  the  day  should  occur.    When  we  have  the  nornui  number  of  rainy  days  in 
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July  the  frequent  occurrence  of  high  temperatures  In  that  month  Is  prevented, 
and  as  a  result  we  get  a  mean  dally  maximum  temperature  differing  very  little 
from  that  which  prevailed  prior  to  tlie  installation  of  subsurface  drainage. 
July  also  shows  only  a  small  Increase  in  the  frequency  of  the  occurrence  of 
high  temperatures  as  compared  %vith  other  months.  July  is  remarkable  for 
the  small  amount  of  precipitation  and  clouds  at  night,  much  of  the  dust  is 
washed  out  of  the  atmosphere  by  afternoon  showers,  the  water  being  carried  off 
rapidly  by  subsurface  drainage,  leaving  the  ground  dry,  and  radiation  from  the 
ground*  at  night  is  favoi*ed  more  in  July  than  In  .any  other  month  In  the  year, 
and  as  a  result  the  dally  minimum  temperature  for  July  averages  lower  since 
the  change  in  physical  conditions  than  It  did  prior  to  the  change.  The  forego* 
ing  influences  acting  on  the  daily  maximum  and  dally  minimum  temperatures 
give  a  lower  monthly  mean  temperature  for  July  than  formerly.  Notwith- 
standing these  influences,  we  have  higher  monthly  maximum  temperatures  in 
July  now  than  occurred  before  the  change  In  physical  conditions,  because  the 
highest  monthly  temperature  occurs  following  a  few  successive  dry  days  when 
the  effects  of  the  changes  which  have  been  made  in  the  physical  conditions  influ- 
ence day  temperatures  most  strongly.  We  liave  a  higher  average  of  the  abso- 
lute monthly  maximum  temperatures  for  July  during  the  period  subsurface 
drainage  has  been  in  operation  than  during  the  15  years  previous,  but  no  ma- 
terial change  is  noted  in  the  averages  of  the  daily  maximums  in  July,  because 
of  the  effects  of  frequent  afternoon  showers  on  the  daily  maximum  tempera- 
ture. The  departure  of  January  from  the  average  winter  condition,  which  we 
find  so  well  defined  in  December  and  February,  appears  to  result  from  atmos- 
pheric conditions  peculiar  to  that  month,  which  interfere  with  cooling  by 
terrestrial  radiation  at  night  more  than  they  Interf^e  with  heating  by  solar 
radiation  during  the  day. 

There  are  tAvIce  as  many  foggy  days  in  January  ns  there  are  in  December  or 
February,  and  this  condition  exists  mainly  at  night  It  is  also  probable  that 
January  is  the  opposite  of  July  and  has  a  greater  amount  of  cloudiness  at  night 
than  during  the  day,  but  such  conditions  have  not  been  studied  as  has  been 
done  In  the  case  of  July.  The  presence  of  dust  particles  and  smoke  in  the 
atmosphere  along  with  the  fog  and  the  clouds  prevents  the  radiation  from  the 
ground  at  night  of  the  increased  quantity  of  heat  absorbed  by  the  land  and 
lower  atmospliere  from  solar  radiation  during  the  day  over  that  formerly  ab- 
sorbed, and  as  a  result  we  get  a  hi^er  temperature  in  January  under  present 
conditions  than  we  did  prior  to  the  change  In  physical  conditions.  The  results 
obtained  by  Kaemtz  for  Dorpat  shows  that  an  overcast  sky  in  winter  gives  a 
temperature  4.4*  above  the  normal,  combining  day  and  night  conditions.  From 
this  we  conclude  that  meteorological  conditions  in  January  favor  the  passage 
of  solar  radiation  to  the  ground  and  give  under  present  conditions  a  high  daily 
maximum  temperature,  and  tlie  cloudy  and  foggy  nights  ^ith  dust  and  smoke 
retard  cooling  by  terrestrial  radiation  of  the  heat  received  during  the  day,  so 
tliat  under  present  conditions  we  get  both  a  higher  mean  daily  maximum  and  a 
higher  mean  daily  minimum  temperature  in  January  than  prevailed  before  the 
installation  of  subsurface  drainage  and  the  results  give  a  higher  mean  tem- 
perature. 

The  average  of  the  monthly  minimum  temperatures  being  lower  in  April, 
May,  and  June  now  tlian  formerly,  while  the  average  daily  minimum  In  these 
months  is  higlier  may  also  be  explained  by  the  influences  of  atmospheric  condi- 
tions peculiar  to  those  months.  There  are  occasional  dear  nights  prece<led  by 
a  few  dry  days  in  April,  May,  and  June  xvhich  favor  cooling  by  radiation  at 
night  and  give  a  lower  monthly  minimum  temperature  under  conditions  as 
they  now  exist  than  occurred  prior  to  the  installation  of  subsurface  drainage. 
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However,  these  months  are  not  free  at  all  times  at  night  from  clouds  and  dost, 
as  is  the  case  with  July,  and,  except  on  a  few  nights  now  and  then,  terrestrial 
radiation  is  interfered  with  and  we  get  a  liigher  average  daily  minimum  tem- 
perature now  tlian  formerly.  In  other  months  dust  and  cloudiness  prevail  more 
generally  at  night  and  prevent  tlie  radiation  of  the  extra  amount  of  heat  re- 
ceived during  the  day»  and  give  both  a  higher  average  monthly  minimnm  and 
daily  minimum  temperature  than  formerly. 

Dust  particles  in  the  atmosphere  over  New  Orleans  exert  a  marked  influence 
in  retarding  terrestrial  radiation  at  night  even  under  the  most  favorable  condi- 
tions found  in  nature,  such  as  when  the  crest  of  an  area  of  high  pressure  o\*er- 
lies  tlmt  locality  and  gives  cloudless,  still  nights;  under  such  conditions  the 
temperature  in  the  country  surrounding  New  Orleans  falls  to  a  minimum  10  to 
14**.  lower  than  the  minimum  recorded  at  the  local  office.  Weather  Bureau,  in 
New  Orleans.  If  dust  particles  on  a  cloudless  night  interfere  with  terrestrial 
radiation  to  the  extent  of  10  to  14*,  the  presence  of  clouds  and  fog  in  addition 
must  exercise  a  much  greater  influence  in  prev^itlng  cooling  by  terrestrial 
radiation  at  night  and  thus  aid  in  giving  a  higher  average  minimum  tempera- 
ture under  present  conditions  than  prior  to  the  change  in  physical  conditions. 

Drainage  of  the  land  surrounding  New  Orleans  will  no  doubt  give  lower  mini- 
mum temperatures  in  the  country  where  there  is  little  dust  or  smoke  in  the 
utmosphere  on  still,  clear  nights  in  winter  than  formerly  occurred  in  the  same 
localities,  and  this  matter  must  be  taken  into  consideration  by  the  growers  of 
citrus  fruits  and  garden  truck  in  the  winter  months. 

The  comparative  tables  used  in  this  discussion  were  closed  with  the  year  1014, 
so  as  to  have  complete  year's  records.  However,  the  temperature  records  during 
the  summer  months  of  1915  are  of  exceptional  interest  in  connection  with  this 
subject,  because  there  were  25  days  on  which  the  maximum  temperature  Avas 
05*  or  higher,  more  than  twice  the  number  recorded  in  any  previous  year. 
These  high  temperatures  would  set  in  after  a  few  days  of  clear,  dry  weather 
and  continue  in  each  instance  until  preciplti^tion  occurred.  In  June  there  was 
a  period  of  seven  days  in  succession  with  the  maximum  temperature  05*  or 
above ;  in  July  there  was  one  period  of  five  and  another  of  three  days ;  and  in 
August  there  was  a  period  of  three  days  with  the  maximum  temperature  05* 
or  higher,  and  the  remaining  seven  were  scattering,  but  following  a  few  days 
of  clear,  dry  weather.  The  total  number  of  days  with  the  temperature  05*  or 
above  in  1015  was  only  10  less  than  the  total  number  of  days  with  05*  or  hlgh^ 
during  the  15  years,  1885-1880,  Just  prior  to  the  installation  of  subsurface 
drainage. 

The  number  of  days  with  precipitation  (7  in  June,  0  in  July,  and  none  during 
the  first  10  days  of  August)  was  less  than  half  the  average  number  of  rainy 
days  for  that  period,  but  the  rainfall  for  the  period  was  above  the  normal.  These 
dry  periods  were  such,  however,  as  would  bring  out  the  effects  of  any  influences 
which  the  changes  made  in  physical  conditions  might  have  on  the  temperature. 
While  New  Orleans  has  never  had  a  summer  as  a  whole  with  so  few  rainy  days, 
there  have  been,  prior  to  the  installation  of  subsurface  drainage,  longer  dry 
periods  in  June  and  July,  and  at  the  same  time  in  months  with  much  less  pre- 
cipitation than  occurred  in  1015,  which  did  not  give  high  temperatures  compar- 
able with  those  of  1015  either  as  regards  frequency  or  intensity. 

The  relations  of  temperatures  before  and  since  the  installation  of  subsurface 
drainage  are  graphically  shown  in  figures  1,  2,  and  8.  From  the  foregoing  study 
we  conclude  that  the  changes  made  in  physical  conditions  at  New  Orleans  have 
been  the  cause  of  higher  temperatures  and  have  influenced  temperatures  gen- 
erally to  some  extent,  but  a  longer  period  of  observations  will  be  required  to 
determine  definitely  what  effect  these  changes  have  on  the  temperature. 
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Table  1. — Number  of  dayn  with  temperatures  95^  or  above  at  New  Orleans,  La, 

Year. 

Jan. 

Feb. 

MftT. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

Annual 

ims 

0 

18R6 

1 

1 

18g7 

8 
6 
2 
2 

s 

isn 

6 

18R9 

.    2 

IHQO 

2 

1891 

0 

IWl 

0 

1R93 

1 

1 

1894 

2 

1 

8 

1895 

0 

1896 

1 

4 

1 
1 
1 

3 
3 

5 

1897 

8 

1898 

I 

1899 

2 

1 

8 

8unif. 

7 

17 

0 

2 

35 

1900 

"^     ^ 

2 

^ 

^" 

2 

1901 

3 
2 

6 
2 

1 

2 
8 

10 

1902 

12 

1903 

1 

1904 

0 

1905 

1 
3 

1 

1906 

3 

...... 

6 

1907 

1 

1908 

0 

1909 

1 

1 

...... 

4 
3 

3 

4 

1910 

1 

1911 

1 

9 

2 

12 

1912 

3 

6 

1913 

2 

9 

6 

1914 

12 

Sonit 

1 

28 

21 

19 

5 

74 
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Table  2. — Absolute  monthly  maximum  temperatures  at  New  Orleans,  La. 

FROM  1885  TO  1880,  INCLUSIVE. 


Year. 


1885. 

18X6. 
1887. 
1888. 

1889. 
1890. 
1891. 
1893. 
1893. 
1894. 
1805. 
1880. 
1897. 
1898. 
1899. 


Ayaniges 76.5    77.7 


Jan. 


Feb. 


Ifar. 


77 
81 
81 
78 
79 
80 
80 
78 
79 
82 
81 
81 
84 
82 
84 

80.5 


Apr. 


83 
86 
87 
85 
88 
84 
84 
84 
84 
85 
87 
84 
84 
82 
86 

84.9 


May. 


87 
91 
91 
88 

90 
87 
89 
88 
90 
90 
87 
92 
88 
93 
90 

89.4 


JtlDO. 


92 
92 
91 
92 
92 
94 
94 
92 
94 
97 
93 
95 
98 
91 
94 

93.4 


July. 


92 
93 
96 
96 
95 
96 
92 
93 
94 
99 
94 
96 
95 
97 
93 

94.7 


Aug. 


Sept. 


93.5  92.1 


Oct. 


80 
87 
86 
87 
90 
87 
85 
87 
86 
88 
87 
91 
89 
89 
86 

'87.0 


Nov. 


Doc 


81.7    77.0 


Annual. 


FROM  1900  TO  1914,  INCLUSIVE. 


03 
95 
90 
90 
96 
96 
94 
93 
96 
97 
94 
96 
M. 
97 


96.4 


1900 

TO 
75 

•n 

TJ 
75 
73 
78 
81 
77 
79 
76 
81 
77 
79 
78 

76.9 

+a4 

78 
80 
76 
80 
82 
72 
78 
78 
78 
79 
79 
81 
75 
77 
79 

78.1 

+a4 

84 
81 
84 
82 
84 
81 
79 
86 
85 
85 
84 
86 
85 
84 
84 

83.6 
+3.1 

84 
86 
85 
85 
83 
87 
86 
84 
89 
86 
85 
86 
86 
86 
85 

85.5 
+0.6 

88 
88 
94 
86 
89 
91 
91 
88 
91 
89 
90 
96 
91 
89 
92 

9a3 
+0.9 

92 
98 
95 
93 
93 
93 
95 
93 
92 
93 
92 
98 
90 
97 
98 

94.1 
+0.7 

92 
102 
95 
95 
92 
94 
94 
97 
94 
96 
95 
92 
95 
96 
96 

95.0 
+0.3 

94 
96 
98 
94 
94 
95 
95 
94 
94 
100 
94 
97 
94 
94 
93 

95.1 
+1.6 

96 
92 
94 
92 
94 
93 
94 
94 
92 
93 
93 
94 
98 
93 
94 

93.7 
+1.6 

90 
86 
89 
89 
94 
88 
83 
89 
84 
91 
88 
93 
88 

88.7 
+L7 

83 
80 
84 
83 
78 
82 
83 
80 
82 
83 
82 
80 
81 
81 
82 

82.2 
+0.5 

74 

79 
78 
76 
78 
76 
79 
76 
83 
77 
76 

•n 

77 
74 
76 

77.0 
0.0 

96 

1901 

102 

1902 

98 

1903 

96 
94 

1904 

1905 

96 
96 

1906 

1907 

97 

1908 

94 

1909 

100 

1910 

96 

1911 

Qg 

1912 

08 

1913 

97 

1914 

98 

06.8 
+L4 

Averafes<1900- 

1914). 

Compared      wJtb 

Table  8. — Monthly  mean  maximum  temperatures  at  New  Orleans,  La. 

FROM  1885  TO  1809,  INCLUSIVE. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

THe. 

Annual. 

]m5 

58.6 
53.0 
flai 
64.9 
6ai 
72.7 
59.9 
58.0 
58.5 
66.4 
69.8 
58.8 
57.9 
65.7 
6L4 

6L1 

60l8 
62.4 
73.7 
95.9 
69.8 
72.9 
69.2 
68.2 
68.9 
61.4 
52.5 
64.6 
65.6 
64.1 
58.0 

64.5 

65.6 
66.1 
72.0 
60.3 
60.2 
69.8 
67.4 
66.9 
68.6 
7a4 

7ai 

69.1 
78.5 
72.3 
73.2 

69.8 

78.4 
74.6 
77.6 
78.4 
79.1 
78.1 
76.1 
75.7 
79.1 
78.6 
75.9 
78.0 
75.3 
73.2 
74.2 

78.6 

80.3 
82.1 
84.9 
83.2 
83.0 
81.9 
81.6 
81.4 
83.2 
83.3 
81.0 
85.5 
82.3 
83.9 
85.8 

819 

80.1 
87.3 
86.2 
86.0 
86.0 
88.0 
88.4 
86.1 
87.1 
85.7 
87.6 
87.3 
80.3 
88.2 
88.7 

87.8 

90.2 
88.1 
90.2 
9a7 

9ai 

88.6 
87.7 
86.5 
90.3 
88.0 
80.0 
89.8 
90.9 
88.3 
89.4 

89.1 

80.2 
89.9 
80.7 
87.4 
87.4 
87.2 
88.3 
88.3 
88.8 
87.5 
88.2 
90.5 
80.2 
87.2 
9a5 

88.6 

85.2 
85.3 
84.9 
82.0 
86.5 
84.2 
85.1 
83.1 
86.9 
86.7 
88.5 
85.9 
86.8 
85.2 
84.8 

85.4 

73.7 

n.9 

7«.0 
78.9 
80.0 
76.3 
76.2 

n.6 

76.4 
79.6 
76.8 
77.7 
8L5 
75.1 
78w6 

77.5 

67.6 
68.5 

70.1 
68.9 
67.1 
71.6 
68.1 
69.7 
67.8 
68.4 
67.9 
72.6 
7L9 
74.9 
70.4 

69.7 

6L6 

6ai 

59.7 
61.5 
74.3 
65.0 
62.6 
63.5 
66.2 
66.0 
62.1 
62.4 
64.3 
58.1 
62.2 

63.3 

74.0 

IJWO 

74.0 

1887     

77.1 

1888 

76.7 

1SS8        

76.0 

1890 

78.0 

LSOl         

75.8 

1892 

95.4 

1893        

96.8 

1894 

76.7 

1893 

75.0 

1896 

76.8 

1897 

77.6 

189S 

75.5 

1809 

76.S 

Averagfli.... 

7B.8 
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Tablb  3. — Monthly  mean  maximttm  Umpcratwrei  at  New  Orleam,  La. — Continued. 

FROM  1900  TO  1914.  INCLUSIVE. 


Yew. 


1900 

1901 

1902 

1908 

1901 

1905 

1900 

1907 

1908 

1909 

1910 

1011 

1912 

1913 

1914 

Avtngm,  1900- 
1914...... 

Compftrtd  with 
U»-1899 


Jan. 


M.0 
<a.8 
ei.6 
A0.1 
00.0 
57.5 
62.3 

Tas 

OLO 
A5.0 
04.6 
09.1 
68.0 
07.9 
04.9 


63.1 
+2L0 


Feb. 


61.6 
60.6 
67.6 
64.1 
68.6 
66.7 
59.6 
67.7 
63.4 
66.2 
61.9 
71.2 
6a2 
62.7 
62.0 


62.9 
-L6 


Mar. 


68.6 
69.7 
70.8 
70.6 
75.1 
72.9 
67.7 
79.6 
77.4 
73.3 
76.6 
75.6 
60.4 
60.2 
66.7 


7X1 
+2.3 


Apr. 


76.2 
74.7 

n.o 

76.1 
76.3 
77.3 
77.3 
74.8 
8L6 
76.8 
77.3 
78.8 
7&1 
76.7 

n.i 


77.0 

+a4 


May. 


/one. 


82.9 
81.4 

86.6 
80.8 
82.5 
85.9 
83.1 
80.7 
84.0 
81.7 
81.9 
84.1 
83.9 
83.1 
83.3 


83.S 

+a4 


86.6 

9ai 

91.0 
85.0 
88.6 
89.6 
91.0 
88.0 
88.3 
87.7 
87.5 
OUl 
83.6 
80.4 
918 


88.5 
+  L2 


July 


87.4 

9ai 

9a8 
89.0 
87.9 
89.1 
89.6 
9a3 
87.8 

9ao 

88.0 
88.7 
88.3 
89.2 
90.4 


80.0 

-ai 


Ang. 


89.2 
89.4 
92.4 
9a4 
88.6 
89.7 
9a6 
9a6 
89.3 
89.8 
87.5 
89.6 
89.9 
89.9 
89.3 


89.7 
+i.l 


Sept. 


88.8 
85.1 
85.9 
85.7 
88.4 
87.6 
87.1 
85.8 
84.1 
8S.0 
87.6 
89.6 
88.7 
84.2 
86.3 


86.6 
+L2 


Oct 


80.1 
77.4 
76.8 
77.7 
79.9 
75.9 
78.7 
78.1 
75.3 
80.3 
78.4 
80.8 
79.3 
76.8 
77.1 


77.8 

+a3 


Nor. 


72.1 
67.4 
73.2 
68.5 
68.6 
72.1 
73.3 
65.6 
7X1 
75.5 
69.5 
67.4 
67.1 
72.5 
67.8 


7a2 
+0.6 


Dec 


62.6 
Aa6 
6L2 
60.9 
62.8 
67  9 
66.3 
61.2 
67.7 
59.0 
61.5 
64.8 
62.2 
61.4 
57.1 


6L8 
-1.6 


7II.S 
W.I 
77.0 
75.7 
77.8 
96.0 
7«.8 
77.7 
77.T 
77.7 
77.1 
79.0 
76.8 
7&6 
7«.l 


Tit 
+016 


Tablb  4. — Absolute  monthly  minimum  temperatures  at  New  Orleans,  La. 

FROM  1885  TO  1809,  INCLUSIVE. 


Tew. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aog. 

Sept. 

ooe. 

Nov. 

Dee. 

AnnaaL 

1885 

28 
15 
21 
29 
84 
86 
82 
26 
29 
28 
27 
28 
23 
80 
29 

27.7 

80 
25 
44 

85 
S3 
40 
84 

43 
89 
82 
16 
37 
37 
86 
7 

83.5 

86 
40 
44 

41 
44 

80 
39 
31 
31 
83 
39 
41 
60 
89 
88 

88.8 

53 
41 
48 
66 
54 
56 
41 
61 
55 
55 
50 
49 
50 
43 
46 

40.7 

60 
57 
02 
60 
54 
50 
58 
55 
60 
55 
58 
65 
58 
53 
65 

58.8 

73 
70 
06 
66 
58 
69 
06 
64 
60 
68 
68 
60 
00 
70 
68 

67.1 

74 
71 
70 
72 
71 
68 
68 
67 
73 
67 
71 
70 
71 
70 
60 

70.1 

70 
68 
71 
70 
70 
67 
63 
70 
72 
71 
70 
70 
71 
72 
71 

ee.7 

GO 
03 
60 
56 
58 
56 
63 
04 
66 
66 
57 
56 
02 
68 
67 

61.1 

49 
46 
42 
55 

50 
49 
50 

n 

47 
52 

43 
55 

40.7 

40 
84 
84 
41 
88 
44 
80 
41 
86 
36 
87 
85 
44 
84 
40 

87.6 

80 
27 
29 
81 
89 
85 
86 
23 
83 
21 
34 
82 

83 
3L1 

28 

1886 

11 

1887 

21 

1888 

29 

1880 

81 

1890 

89 

1801 

19 

1893 

28 

1808 

n 

1804 

21 

1805 

16 

1890 

28 

1897 

28 

1898 

80 

1889 

7 

Ayerages 

24.1 

FROM  1900  TO  1914,  INCLUSIVE. 


1900 

29 
36 
83 
81 
81 
22 
81 
38 
82 
29 
27 
22 
23 
40 
36 

80.7 
+8.0 

24 
31 
82 
27 
86 
18 
84 
86 
83 
28 
26 
85 
27 
84 
81 

30.1 
-X4 

39 
35 
88 
46 
39 
63 
86 
62 
43 
41 
42 
46 
89 
89 
89 

4L7 
+3.4 

47 
47 
61 
48 
46 
48 
46 
46 
61 

a 

51 
49 
43 

47.6 
-XI 

62 
58 

66 
53 
57 
60 
54 
63 
53 
54 
60 
67 
61 
57 
60 

58.1 
-0.3 

68 
68 
60 
60 
67 
60 
68 
63 
65 
70 
65 
70 
66 
60 
70 

66.4 

-0.7 

71 
70 
60 
60 
70 
66 
73 
70 
70 
72 
68 
70 
70 
68 
70 

ee.7 

-0.4 

68 
70 
71 
60 
70 
70 
69 
70 
73 
71 
70 
60 
72 
70 
68 

70.0 
+0.8 

71 
55 

65 
58 

72 
68 
08 
67 
56 
56 
67 
72 
70 
60 
03 

68.8 
+X7 

60 
53 

51 
49 
54 
61 
49 
48 
63 
51 
40 
53 
53 
42 
46 

4X9 

+a2 

41 
43 

40 
29 
39 
46 
40 
87 
39 
45 
44 
81 
87 
42 
34 

3X1 
+1.5 

42 
23 
28 
83 
32 
83 

88 

26 
34 
35 

36 
86 
29 

8X6 
+L5 

H 

1901 

28 

1903 

28 

1908 

27 

1904.;:;:.:::;;.;;. 

SI 

1906 

18 

1900 

10 

1907 

84 

1906 

83 

1900 

96 

1910 

25 

1911 

28 

1912 

28 

1913 

84 

1914 

29 

Averages  (1900- 
1914)... 

Compared  with 
1885-1899.... 

37.1 
+X0 
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Tabus  5. — Monthly  mean  minimum  temperatures  at  Hew  Orleane,  La, 

FROM  1886  TO  1880,  INCLU8IVB. 


Yew. 

Jan. 

Feb. 

ICar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec 

Annual 

1885 

45.1 
83.7 
41.6 
48.1 
4A.6 
57.5 
4A.6 
40.6 
4X0 
40.7 
44.5 
45.6 
44.8 
51.5 
45.1 

45.8 

45.8 
44.0 
50.0 
52.1 
47.1 
55.1 
55.0 
63.1 
5.1.4 
48.4 
.17.6 
47.0 
50.6 
40.2 
40.8 

40.4 

51.1 
52.3 
54.2 
52.6 
52.8 
53.4 
53.8 
50.2 
53.0 
55.5 
54.4 
53.4 
62.3 
57.7 
55.5 

64.1 

64.0 
58.3 
60.1 
R3.3 
61.4 
62.5 
60.0 
62.3 
64.0 
63.1 
50.6 
63.3 

no.8 

57.0 
58.0 

61.4 

68.4 
65.7 
67.7 
05.0 
64.6 
66.8 
65.0 
66.5 
68.3 
67.3 
66.8 
70.1 
66.3 
67.0 
71.0 

67.3 

76.8 
73.2 
72.5 
72.4 
70.3 
73.3 
73.1 
71.7 
73.3 
70.7 
73.1 
72.8 
74.2 
74.0 
78.0 

71.0 

76.8 
74.5 
74.5 
76.4 
75.2 
74.5 
74.6 
73.7 
75.0 
72.2 
74.8 
75.7 
76.4 
74.6 
75.0 

76.0 

74.7 
75.6 
75.0 
74.6 
73.0 
74.0 
74.0 
75.1 
75.1 
73.5 
75.0 
75.6 
76.6 
76.1 
76.6 

74.0 

72.1 
72.7 
71.7 
70.4 
70.8 
70.0 
70.7 
70.1 
72.6 
78.1 
74.0 
71.0 

n.8 

73.8 
7a6 

71.0 

58.2 
63.4 
62.0 
02.7 
60.8 
61.7 
50.5 
64.3 
61.8 
62.0 
60.4 
63.0 
67.2 
60.2 
64.1 

62.1 

52.2 
50.0 
63.7 
64.8 
60.3 
56.5 
51.7 
54.5 
62.8 
52.6 
53.1 
57.0 
55.6 
40.0 
65.8 

53.6 

45.0 
43.8 
46.3 
46.0 
54.3 
47.7 
40.2 
48.2 
50.5 
40.5 
45.5 
46.0 
40.8 
43.6 
46.0 

47.6 

60.0 

188A 

60.5 

1K87 

61.5 

1888 

61.6 

1880 

60.7 

1800 

62.8 

1801 

61.3 

1802 

60.0 

1803 

61.0 

1804 

61.6 

1805 

60.0 

180A 

62.0 

1807 

62.0 

1806 

1800 

61.1 
61.3 

AyaracM 

61.3 

FROM  1000  TO  1014,  INCLUSIVE. 


1000 

45.4 
47.4 
46.3 
44.8 
42.8 
41.8 
46.7 
65.8 
46.3 
60.8 
45.8 
52.7 
41.0 
51.0 
48.2 

47.0 
+  1.2 

45.3 
46.3 
4X0 
48.6 
52.1 
40.0 
44.8 
61.5 
47.5 
48.0 
46.1 
65.0 
4X8 
46.5 
44.5 

46.8 
-X6 

63.4 
6X0 
56.1 
57.6 
57.2 
57.3 
51.3 
63.2 
50.8 
57.2 
58.3 
57.8 
5X4 
63.4 
40.4 

65.8 

+  1.7 

61.1 
57.5 
01.1 
60.4 

01.0 

60.8 
58.8 
65.0 
61.2 
60.2 
63.5 
6X8 
60.3 
60.7 

60.8 
-0.6 

68.4 

65.0 
70.6 
65.8 
65.8 

n.3 

66.7 
67.0 
67.8 
60.1 
65.0 
67.6 
68.1 
66.6 
67.7 

67.4 

+ai 

73.4 
73.6 
74.8 
60.8 
72.7 
74.6 
74.6 
7X6 
74.1 
74.1 
70.0 
76.2 
7X3 
71.3 
76.5 

73.8 
+0.8 

75.1 
76.0 
75.2 
74.5 
73.5 
74.1 
76.4 
76.0 
74.5 
78.4 
74.5 
73.7 
76.2 
74.1 
74.8 

74.8 

-a  2 

75.7 
74.0 
76.3 
75.7 
74.1 
70.0 
75.8 
75.0 
75.7 
76.3 
73.1 
74.2 
75.0 
75.8 
74.4 

76.3 
+0i4 

75.2 
71.2 
71.6 
70.0 
74.1 
74.6 
74.1 
73.0 
71.7 
7X8 
73.1 
76.6 
76.4 
71.7 
7X2 

73.1 
+1.2 

67.7 
6X7 
62.4 
6X2 
65.5 
«3.0 
61.3 
64.3 
60.1 
64.5 
64.6 
67.3 
65.7 
60.2 
63.5 

63.7 
+1.6 

56.3 
51.6 
50.1 
50.4 
63.1 
67.8 
57.7 
6X2 
55.5 
50.2 
54.1 
50.4 
51.0 
57.0 
54.6 

64.7 
+1.2 

48.7 
43.5 
46.8 
43.4 
47.0 
43.7 
61.7 
47.4 
51.8 
41.8 
46.7 
50.7 
48.7 
48.7 
44.4 

47.0 
-0.6 

6X1 

1001 

60.3 

1002 

61.8 

1003 

60.3 

lOOl 

61.4 

1005 

1006 

1007 

61.4 
61.7 
63.1 

1006 

62.6 

1000 

6X4 

1010 

61.3 

1011 

63.7 

1012 

61.1 

1013 

61.4 

1014 

60.8 

AT«rages(1000- 
1014?.... 

1M5-1800.... 

61.7 
+0.4 

Table  6. — Monthly  mean  temperature*  at  New  Orleans,  La, 

FROM  1885  TO  1800,  INCLUSIVE. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Ju^y. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

Annual. 

1886 

61.8 
45.8 
60.8 
56.5 
63.4 
66.1 
53.2 
40.8 
50.2 
58.0 
6X2 
5X2 
51.1 
58.6 
53.2 

58.4 

53.3 
63.6 
66.4 
50.0 
53.4 
64.0 
6X6 
6a6 
61.2 
64.0 
46.0 
56.2 
58.0 
56.6 
40.4 

66.0 

68.4 

50.2 
63.1 
61.0 
61.0 
61.6 

oa6 

68.6 
6a8 
63.0 
6X2 
6L2 
00.4 
65.0 
64.4 

6X0 

70.6 
66.4 
68.8 
70.8 
7a2 
70.8 
68.0 
60.0 
71.6 
70.8 
67.8 
70.6 
68.0 
05.1 
66.6 

69.0 

74.4 
73.0 
70.3 
74.6 
73.8 
74.4 
78,8 
74.0 
75.8 
76.3 
7X9 
77.8 
74.3 
75.4 
78.8 

75.1 

83.0 
80.2 
70.4 
70.2 
78.2 

oao 

80.8 
7R.0 
80.2 
78.2 
8a4 
80.0 
81.8 
81.1 
70.8 

80.1 

83.5 
81.3 
8X4 
83.0 
8X6 
8L6 
81.2 

8ai 

83.1 
79.1 
81.9 
8X8 
fll.6 
81.4 
8X6 

8X1 

8X0 
8X8 
8X4 
81.0 
80.0 

oao 

81.2 
81.7 
8X0 
80.5 
81.6 
8X0 
8X4 
81.2 
83.6 

81.8 

78.6 
79.0 
78.3 
76.2 
78.6 
77.6 
77.0 
76.6 
79.8 
79.9 
81.7 
78.9 
79.3 
-79.5 

n.7 

78.6 

66.0 
70.6 
69.0 
70.8 
70.4 
60.0 
67.8 
71.0 
69.1 

7a8 

68.6 
70.4 
74.4 
67.6 
71.4 

69.8 

59.9 
59.7 
61.9 
61.8 
58.7 
64.0 
50.0 
0X1 
6a3 
6a5 
6a5 
65.2 
6X7 
67.4 
6X1 

61.3 

6X3 
5X0 
6X0 
6X8 
61.3 
66.4 
55.0 
55.8 
58.4 
57.8 
5X8 
64.6 
57.0 
6a8 
54:6 

65.4 

67.9 

1886 

67.0 

1887 

69l8 

1888 

69.0 

1880 

68.8 

1880 

70.4 

1881 

68.6 

1892 

68.1 

1893 

60.4 

1894 

69.1 

1806 

67.6 

1806 

6X4 

1807 

70.3 

1808 

68.  S 

1800 

68.8 

Ayerages — 

68.8 
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Table  6. — Monthly  mean  temperatures  at  New  Orleam,  La, — Continued. 

FROM  1900  TO  1914.  INCLUSIVE. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dee. 

AnnoaL 

igoo 

52.2 

w.e 

53.4 
62.0 
61.4 
49.6 
54.0 
03.2 
53.4 
58.4 
6.5.2 
00.9 
50.2 
59.9 
56.6 

55.1 
+1.7 

.•^3.4 
63.4 
5a  2 
56.4 
60.3 
48.8 
52.2 
50.6 
55.4 
57.1 
53.5 
63.6 
51.5 
54.6 
53.2 

54.9 
-2.0 

61.0 
61.3 
63.4 
64.0 
66.2 
05.1 
59.5 
71.4 
08.6 
65.2 
67.4 
66.7 
00.9 
01.8 
57.6 

64.0 
+2.0 

68.6 
66.1 
69.0 
67.8 
67.5 
69.4 
69.0 
r.6.8 
73.8 
G9.0 
6K.8 
71.2 
70.4 
67.5 
68.9 

68.9 
-0.1 

75.6 
75.2 
78.5 
73.3 
74.2 
78.6 
74.9 
7^8 
75.9 
73.9 
73.9 
75.8 
76.0 
74.8 
76.5 

75.8 

+a2 

80.0 
81.8 
82.9 
77.4 
80  6 
82.0 
82.8 

8a2 

81.2 
82:6 
83.0 
81.8 
80.7 
81.6 
82.4 
83.2 

82.4 
82.2 
84.4 
83.0 
81.4 
82.8 
83.2 
82.8 
82.5 
83.0 
83.4 
81.8 
82.9 
82.8 
8L8 

82.7 
+0.9 

82.0 
78.2 
78.8 
77.8 
81.1 
81.0 
8a6 
79.4 
77.9 
79.4 
80.3 
82.6 
82.0 
7K.0 
78.8 

79.9 
+1.8 

73.9 

7ao 

69.6 
70.0 
72.7 
69.9 
67.5 
71.2 
67.7 
714 
71.5 
74.0 
72.5 
68.0 

7a  3 

m7 
+a9 

64.2 
69.4 
66.2 

5P.4 

6a8 

65.0 
65.5 
58.9 
63.8 
67.4 
61.8 
58.9 
5a  4 
64.8 
61.2 

62.4 
+1.2 

5.'?.  6 
52.0 
54.0 
62.2 
64.8 

6a8 
6ao 

54.3 

6a  8 
5a4 

64.1 
67.8 
66.4 
65.0 

6a8 

64.4 

-LO 

69.2 

1901 

68.2 

1902 

60.4 

ms 

1904 

67.9 
69.8 

1906 

68.7 

1906 

69.9 

1907 

10.4 

iro8 

81.2  1  81.2 

7ai 

1900 

80.9 
79.2 
83.2 
78.0 
78.8 
84.2 

80.9 

+a8 

83,2 
81.2 
8a2 
81.8 
81.6 
82.6 

81.9 

-a  2 

7ao 

1910 

6a2 

1911 

71.4 

1912 

G8.4 

1«»18 

1014 

6a9 

oas 

Aye  rages 
(1900-1914)... 

Compared  with 
1886-IS99 

6a8 
+a» 

Mr.  Cox.  Mr.  Chairman,  I  would  like  to  ask  Dr.  Cline  whether 
or  not  he  made  comparisons  between  the  temperature  at  New  Orleans 
and  other  stations  for  these  two  periods  in  question,  and  whether 
there  was  any  variation  at  other  places  besides  New  Orleans. 

Mr.  Cljnb.  At  Mobile  the  instruments  have  been  moved  several 
times,  but  there  was  no  material  change  in  the  highest  maximum 
temperatures  in  Mobile  for  the  last  15  years  and  the  previous  years. 
In  1915  Mobile  had  no  high  temperatures  when  we  had  so  many 
at  New  Orleans.  At  the  other  stations  I  could  not  get  the  records. 
Galveston  has  had  the  same  trouble  as  Mobile,  with  the  instruments 
being  changed. 

Mr.  NiPHER.  As  I  remember,  about  46  or  50  years  ago,  when  the 
sloughs  in  Iowa  near  where  I  lived  were  full  of  water  it  was  very 
easy  to  get  water  in  the  wells  by  digging  down  about  25  or  30  feet 
on  the  highlands;  and  I  have  seen  crops  grow  and  produce  excellent 
results  at  that  time  on  one  or  two  occasions  when  no  rain  fell  upon 
them  during  the  entire  summer.  To-day  the  farmers  have  drained 
all  those  sloughs  with  their  tile  drains.  They  run  off  all  their  water 
from  their  land  as  soon  as  possible,  and  wells  that  were  then  25  or 
80  feet  in  depth  have  been  increased  in  depth  to  about  200  feet  in 
order  to  get  water,  and  the  crops  are  not  quite  as  prosperous  now  as 
they  were  then,  in  very  dry  seasons.  At  that  time  I  remember  when 
I  placed  a  lightning  rod  on  my  father's  bam  I  churned  an  iron 
rod  down  about  15  feet  with  the  aid  of  a  bucket  of  water  in  about 
three  or  four  minutes  without  any  difficulty.  That  soil  was  all 
full  ot  water  at  that  time,  and  when  there  was  a  dry  season  the 
water  simply  came  to  the  surface  and  did  its  work.  I  had  a  talk 
with  Mr.  Calvin  some  years  ago  about  the  probable  necessity  of 
re-creating  pools  of  water  on  those  farms  in  order  to  raise  that  water 
level  a  little  more. 
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Mr.  Clayton.  Mr.  Chairman,  in  investigations  of  this  sort  the 
difiSculty  generally  has  been  that  most  of  the  Weather  Bureau  sta- 
tions have  had  their  instruments  changed,  so  that  differences  of  a 
degree  found  by  anyone  examining  data  can  be  mostly  attributed 
to  changes  of  positions  in  the  instruments;  but  the  situation  is  also 
complicated  by  the  fact  that  there  are  undoubtedly  secular  changes 
going  on.  At  Blue  Hill  I  know  the  temperature  has  been  steadily 
rising,  and  as  well  as  we  can  make  out  from  a  record  of  temperature 
taken  near  the  base  of  the  hill  by  a  volimtary  observer,  the  differ- 
ences of  temperature  between  the  last  15  years  and  the  preceding 
15  years  are  something  like  those  that  Dr.  Cline  has  pictured  here. 
The  temperatures  are  higher  in  most  months,  and  all  the  time  I 
was  there  I  was  puzzled  to  find  out  whether  that  was  a  secular 
change,  or  simply  a  change  in  the  quantity  of  smoke  thrown  out 
by  the  factories  of  New  England ;  and  I  do  not  know  to-day,  although 
temperatures  at  a  majority  of  the  stations  in  the  Connecticut  Valley 
and  elsewhere  show  a  tendency  to  rise  in  the  same  way  that  Blue 
Hill  does;  but  the  temperature  at  Block  Island  and  some  of  those 
shore  stations  does  not  show  any  change.  So  whether  it  is  a  secular 
change  or  an  artificial  change  I  do  not  know,  but  the  difficulties 
are  great  because  there  are  secular  changes,  and  there  have  been 
changes  of  instruments.  Dr.  Cline  tells  me  his  instruments  have 
not  been  moved.  He  has,  fortunately,  been  able  to  make  obser- 
vations without  a  change  of  instruments,  but  that  is  very  difficult 
to  find  at  most  stations  to-day. 

Mr.  Fassig.  Mr.  Chairman,  just  one  suggestion  as  to  a  possible 
explanation,  which  is  suggested  to  me  by  a  change  in  the  character 
of  the  surface  of  the  streets  in  Baltimore.  Baltimore  has  been 
practically  resurfaced  in  the  last  five  years,  and  the  character  of 
that  surface  is  totally  different,  and  I  imagine  some  such  change 
in  the  rising  of  temperature  near  the  ground,  although  perhaps  not 
on  top  of  the  buildings,  may  result  from  the  repaving  of  the  city. 
Something  like  that  may  have  been  done  at  New  Orleans  at  some 
time  during  that  period. 

Mr.  Humphreys.  I  think  there  is  a  physical  cause  different  from 
that  assigned  for  a  part  of  the  changes.  I  do  not  in  the  least  doubt 
that  a  portion  of  the  result  is  from  the  causes  assigned.  I  want  to 
state,  however,  that  the  same  thing  is  happening  the  world  over. 
I  have  studied  the  temperatures  at  a  great  many  stations,  and  I  find 
in  at  least  half  of  them  exactly  the  same  increase  that  Dr.  Cline  has 
found  at  New  Orleans.  The  same  thing  has  been  found  to  be  true 
as  to  European  stations.  Prof.  Abbot,  at  the  Smithsonian,  working 
on  the  records  of  entirely  different  stations  from  those  I  have  used 
also  finds  the  same  result.  We  had  different  sun-spot  influences 
and  totally  different  volcanic  influences  during  the  two  periods  in 
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question.  During  the  first  period  we  experienced  the  later  effects 
of  the  explosion  of  Krakatoa  and  the  effects  of  a  series  of  volcanic 
explosions  that  followed  it,  all  of  which  projected  dust  into  the 
atmosphere  and,  of  course,  naturally  varied  the  temperature  wher- 
ever the  dust  cloud  extended,  which  was  over  so  large  an  area  that 
the  effects  were  world-wide. 

I  want  to  say,  in  conclusion,  that  part  of  this  effect  is  found  every- 
where, due  partly  to  secular  changes  of  solar  activity  and  partly  to 
irregular  volcanic  eruptions.  If,  however,  we  had  a  great  number 
of  stations  worked  up  in  the  way  Mr.  Cline  has  worked  up  the  New 
Orleans  data  we  would  be  better  able  to  differentiate  between  local 
influences  and  influences  that  have  been  world-wide. 

The  Chairman.  There  is  still  one  paper  left  over  from  the  old 
program  that  we  desire  to  hear  this  morning,  and  that  will  be  by 
Prof.  James  E.  Church,  of  the  University  of  Nevada,  on  "  Snow  sur* 
veying — ^Its  problems  and  their  solution.''  I  will  ask  the  attendant 
to  arrange  the  lantern,  as  we  shall  need  it  from  now  on. 


SNOW  SURVEYING:  ITS  PROBLEMS  AND  THEIR  PRESENT  PHASES 
WITH  REFERENCE  TO  MOUNT  ROSE,  NEVADA  AND  VICINITY. 

By  J.  B.  CHURCH.  Jr., 
University  of  Nevada,  Reno,  Nevada. 

SECTION    I — MEASimiNQ    SNOW. 

The  problem  of  precipitation  and  run-off  has  become  the  dominant  meteoro- 
logical problem  in  the  semiarid  States  where  irrigation  is  fundamental  to  agri- 
culture and  the  streams  must  furnish  water  for  both  crops  ami  power. 

Most  of  the  precipitation  available  for  these  purposes  falls  in  the  form  of  snow 
upon  the  higher  mountains  and  gradually  melts  os  the  season  advances  into 
spring  and  summer.  In  Nevada  and  probably  in  other  States  only  5  per  cent 
of  this  water  is  controlled  by  being  impounded  in  reservoirs. 

Since  the  precipitation  is  limited  and  must  be  used  to  the  best  advantage 
the  seasonal  forecast  should  be  based  upon  the  most  accurate  methods  com* 
patible  with  the  service  rendered. 

METHODS    AND    IN8TBUMENT8. 

Two  general  methods  are  employed  in  estimating  snow  resources : 

1.  Measuring  precipitation  as  it  falls. 

2.  Measuring  the  snow  cover  on  the  ground. 

The  former  alms  to  determine  the  total  precipitation  of  snow  for  the  purpose 
of  supplementing  rainfall  records;  the  latter  is  used  in  determining  the  water 
available  for  irrigation  and  power. 

Measuring  snoto  as  it  falls,— The  instruments  employed  in  the  first  metliod 
are  the  snow  bin  and  the  snow  gauge.  The  snow  bin/  though  apparently  more 
accurate  because  of  its  greater  area  than  the  snow  gauge,  was  early  discanled 

^Monthly  Weather  Review  88  (June,  1910),  pp.  008-078.  Blgelow:  The  catchment  of 
snowfall  by  means  of  large  snow  bins  and  towers,  41  (January,  1018) » pp  160-101.  Kadel : 
Mountain  snowfkU  measurements. 


Plate  h 
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by  snow  observers,  who  substituted  for  It  several  measurements  by  yardstick 
on  the  ground  near  by  and  th^  melting  of  one  or  more  cross  sections  of  snow 
to  determine  the  average  density  of  the  snow  cover.*  The  reason  for  discard- 
ing the  bin  seems  to  be  that  the  snow  did  not  lie  evenly  over  the  floor  of  the 
bin  and  that  in  the  case  of  light  snowfalls  the  catch  was  melted  by  the  boards 
before  measurement  could  be  made. 

Although  the  snow  gauge,  as  improved  by  Fitzgerald,  Rotch,  Fergusson,  and 
Marvin,  i)ermits  the  weighing  of  the  catch  directly,  thus  avoiding  the  errors 
and  annoyances  that  naturally  arise  through  attempting  to  melt  the  snow, 
uncertainty  is  always  present  regarding  the  accuracy  of  the  catch.  If  the 
season  is  calm,  the  catch  is  proportionately  greater  than  when  it  is  windy. 
The  Nipher  screen,  if  used  in  connection  with  a  catch  basin  whose  diameter 
Is  considerably  greater  than  the  orifice  should  neutralize  the  air  currents  so 
far  as  their  velocity  will  permit  But  since  tlie  specific  gravity  of  snowflakes 
as  compared  with  raindrops  is  very  low,  their  tendency  to  ride  on  even  the 
lighter  wind  currents  rather  than  sink  to  earth  is  pronounced.  On  Blue  Hill 
all  attempts  to  make  gauge  measurements  near  the  summit  were  early  aban- 
doned for  gauge  and  cross-section  measurements  at  the  base.* 

The  velocity  of  the  wind  is  that  recorded  on  the  obser>-atory  tower,  and, 
therefore,  represents  only  approximately  the  wind  condition  at  the  gauge. 

An  elaborate  plan  to  catch  the  precipitation  on  Mount  Uose  was  reluctantly 
abandoned  for  the  reason  that  it  was  practically  impossible  on  that  exposed 
peak  to  find  a  spot  where  an  average  catch  could  be  obtained.  The  air  cur- 
rents, carrying  the  snow  under  complete  control,  shoot  upward  on  the  wind- 
ward side  and  crowding  over  the  crest  in  a  shallow  compressed  stream 
expand  on  the  lee  slope  in  a  gigantic  vertical  fan,  within  which  a  heavy  back 
current  climbs  the  mountain  until  beaten  down  by  the  main  current  above. 
Only  occasionally  is  the  wind  light  during  precipitation  and  after  such  periods 
the  snow  is  picked  up  by  the  first  heavy  wind  and  precipitated  on  the  lee 
slopes.  Consequently,  if  a  gauge  were  placed  In  a  protected  spot.  It  would 
be  in  danger  of  becoming  overloaded.  Even  on  a  lower  ridge  of  the  mountain 
the  wind  is  still  too  strong  to  permit  the  entrance  of  much  snow  into  tlie  gauge 
located  there. 

So  far  as  I  am  aware  no  elaborate  comparisons  between  snow  gauging  and 
snow  sampling  have  ever  been  made.  A  possible  comparison  at  Summit 
Station  on  the  Southern  Pacific  Hailroad,  where  seasonal  snow  surveys  have 
been  made  for  three  years,  was  prevented  by  the  burying  and  wrecking  of  the 
Marvin  snow  gauge  by  the  deep  snow  which  prevails  at  that  place." 

>  Io  many  Instancea  only  the  deposit  of  Know  in  the  snow  gauge  was  melted  with  the  con- 
■eqnence  that  errors  in  density  frequently  arose  liecause  of  the  dcflcient  catch  of  snow. 

'  Two  measurements  near  the  summit  of  Blue  HIU  will  Illustrate  the  usual  discrepancy 
found. 


Datei 

Depth  or 
snow. 

Water 
content 
of  cross 
section. 

Snow 
caiight 

and 
welched 

in  re- 
cording 

gauge. 

Wind. 

Feb. ft. 1907 

Inehet. 
ie.0 
17.6 

Inehet. 
1.49 
1.97 

Inehet. 
0.72 
1.07 

Ifilet. 
N.  £  36.6 

Dec.  20, 1909 

8.02.0 

•Monthly  Weather  Review  43.5   (May,  1915),  pp.  217-221. 
greatest  snowfUl  In  the  United  States. 


Palmer:  The  region  of 
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Daring  the  pro{;Tess  of  tlie  snow  stuclles  ot  Tahoe  €lty  a  rough  comparison 
of  the  accuracy  of  measurements  by  snow  gauge  and  snow  sampler  was  made 
during  1911.  1012,  19LS,  and  1015.  One  or  more  pans,  15  inches  In  diameter, 
were  used  as  snow  gauges  in  the  tliln  forest  where  the  wind  movement  is 
very  moderate,  and  the  seasonal  percentage  of  the  catch  was  compared  with 
that  of  the  snow  cover.  In  1014-15,  a  calm  year,  the  divergence  was  less 
than  1  per  cent,  while  In  1911-12  and  1913-14,  the  divergence  was  —17.2 
and  +20.8  per  cent,  respectively,  the  excess  In  the  latter  year  being  diM 
probably  to  the  drifting  of  snow  into  the  pan. 

The  seasonal  snow  gauge  proposed  by  many  as  a  means  of  determining  the 
precipitation  in  tlie  higher  and  more  inaccessible  parts  of  the  waterslied 
remote  from  human  habitation  Is  extremely  unsatisfactory,  because  of  the 
strong  wind  currents,  the  great  depth  of  the  snow,  probable  freezing  of  the 
contents,  and  consequent  dilBculty  in  measuring  the  water  content  in  March 
or  April,  when  seasonal  estimates  should  be  made.  A  gauge  heated  by  acetylene 
gas,  as  proposed  by  Brinckley  &  Lee,^  would  be  very  expensive,  and  the  cost 
of  Installing  a  number  of  seasonal  gauges  of  any  type  would  be  prohibitive. 
If  it  is  possible  for  parties  to  penetrate  to  such  snow  gauges  in  March  or  April, 
it  would  also  be  feasible  to  make  the  more  accurate  snow  survey  in  the  same 
locality.  The  one  requisite  would  be  a  cabin  witliin  a  short  day*s  Journey  of 
the  place  with  beds  and  provisions.  There  are  several  proposed  types  of  sea- 
sonal snow  gauge,'  but  the  type  shown  in  Plate  II,  designed  to  hold  the  entire 
season's  catch  of  dry  snow  and  convert  it  In  spring  into  water,  indicates 
the  difficulty  of  attempting  to  solve  the  question  of  snowfall  by  any  such 
means. 

MKASUBUfO  SNOW  ON  THB  QBOUND. 
SNOW  STAKES. 

The  method  of  measuring  the  snow  on  the  ground  is  far  more  satisfactory. 
The  instruments  employed  are  the  snow  stake*  and  tlie  snow  sampler.  The 
former  is  stationary  and  indicates  the  depth  of  the  snow  in  its  immediate 
vicinity ;  the  latter  is  portable  and  furnishes  both  the  depth  of  the  snow  and 
its  water  content. 

Snow  stakes  in  ordinary  numbers  are  unsatisfactory  except  in  forested 
regions  or  pockets  on  the  mountains  where  the  snow  fields  are  protected  from 
erosion  and  shifting  by  the  wind. 

In  a  series  of  52  measurements  made  consecutively  every  100  feet  over  the 
wind-swept  flank  of  Mount  Rose,  only  six  represented  even  approximately 
the  average  depth  of  the  snow,  while  at  Sunmiit  Station,  situated  in  a  more 
protected,  forested  area,  the  following  variation  has  been  found  between  the 
snow  scale  and  adjacent  measurements : 

^Proc.  Am.  Soc.  Civ.  Eng.  (August,  1915),  Brinckley  and  Lee,  Suggested  changes  and 
extensions  of  tbe  United  States  Weather  Bureau  Service  in  California ;  also  a  personal 
letter  from  Brinckley. 

'Monthly  Weather  Review  8S  (June,  1010,  pp.  972-78).  To  those  whose  contents  are 
measured  directly  by  a  graduated  stick  belongs  the  McAdle  seasonal  gauge,  insulated  and 
designed  to  be  burled  in  the  ground  to  keep  the  water  in  the  water  chamber  from  frecs- 
tng,  and  the  seasonal  gauge  on  Mount  Rose. 

The  Fergusson  seasonal  rain  and  snow  gauge  is  designed  to  weigh  and  record  the  pre- 
cipitation as  it  talis  into  the  receiving  can  and  to  indicate  any  loss  of  the  contents*  as  by 
evaporation. 

•Monthly  Weather  Review  41  (January.  1918),  pp.  159-61. 
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Snow  scale 165. 0 

10  measurements  10  feet  apart 140. 8 

1  measurement  in  medium  exposure  among  trees 121. 5 

1  measurement  on  brow  of  hill 1 97, 0 
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Plate  II. 
At  Marlette  Lake,  in  April,  1916,  the  snow  scale  registered  almost  the  same 
depth  as  the  average  of  20  measurements,  the  former  being  71.5  Inches  and 
the  latter  66i2  inches.  Yet  60  feet  west  of  the  snow  scale  a  depth  of  117  inches 
was  found.  If  the  snow  scale  had  been  placed  at  the  latter  point,  the  record 
of  the  depth  of  the  snow  would  have  beeh  extremely  inaccurate. 
68436— VOL  n— 17 82 
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To  furnish  some  idea  of  the  possible  errors  of  snow-stake  records  if  the 
stakes  are  set  even  as  close  as  one-fifth  of  a  mile  to  1  mile  apart,  the  following 
excerpt  from  a  larger  table  is  inserted,  in  which  single  measurements  or  two 
or  more  measurements  made  from  1,000  to  6,000  feet  apart  are  compared  with 
a  larger  number  of  measurements  made  from  25  to  100  feet  apart  The  type  of 
region  also  is  given.  With  one  exception,  which  is  indicated,  the  measure- 
ments are  taken  from  the  snow  survey  of  1913-14 : 

Tabus  1. — Effect  of  increasing  the  distance  between  meaturements  and  decreas- 
ing their  number. 


Typeofnffton. 


Nam- 
b«rof 


Dis- 
tance 
apart. 


aod 
daptb. 


Nam- 
beror 


Dis- 
tance 
apart 


AT€f^ 

age 
depth. 


Ponlble  vaiiatiaB. 


Tains  slope  with  occasional 

timber  screens. 

Lee  Slope 

Timber  line  forest,  Lee  Slope. 
Thinly  forested  slope  exposed 

to  wind 

Summit  cornice,  Lee  Slope. . . 
Mountain  Pass,  Lee  Slope. . . . 
Bamlodc    Forest,    Summit 

Vallev  OdU-lS) 

Bemkxck  Forest,  Lee  Slope... 
Valley  Floor,  protected  from 

wind; 

Thick  pine  and  flr 

Thhi  forest 

Open. 


FeH. 
6,000 
1,000 
1,000 


600 


1,000 
1,000 


600 


1,000 


•.1>M.6 
88.8-10L9 
lOS.a-183.4 

88.7-13L1 
85.0-144.1 
Q8.1-lia6 

78.0-102.2 
189.8-106.1 


85.0-77.0 
46.6-04.0 
49.8-66.8 


100 
100 
60 

100 
60 
25 

60 
60 


7a6 
7a6 
187.8 

107.8 
116.8 
97.7 

80.7 
143.8 


66.4 

67.2 
00.6 


/neftet. 
6.2-01.4 
LO-82.2 
LO-46.1 

6.8-23.8 
6.6-80.8 
6.0-29.6 

2.0-11.6 
L  8-13. 8 


.1-11.4 
.2-U.7 

.i-ias 


Pert 

&  8-87.1 

1.4^«S.7 

.7-OL6 

4.9-22L9 
4.8-21.9 

6w1-8QlS 

2.9-12.S 
.9-8L9 


.3-17.  S 
.4-20l« 
.9-17.S 


The  variations,  as  determined  for  other  years,  are  similar. 

A  similar  variation  exists  even  when  the  snow  stake  is  used  merely  to  show 
the  percentage  relationship  of  one  season  to  another  or  to  normaL  The 
maximum  oscillation  that  may  occur  during  the  period  of  precipitation  at  anjr 
one  point  in  a  snow  field  has  been  found  to  vary  from  0.8  per  cent  in  a  pro- 
tected cirque  to  as  high  as  142.7  per  cent  in  a  thinly  forested  pass,  while  on 
an  exposed  talus  slope  the  oscillation  would  be  far  greater.  For  example, 
the  seasonal  variation  between  the  average  of  a  series  of  12  measurements 
taken  consecutively  every  25  feet  In  Contact  Pass  and  a  snow  scale  near-by 
showed  the  following  extremes  of  divergence  between  the  beginning  and  the 
end  of  the  season  of  precipitation : 

Percent 

1910-11 7. 5 

1912-18 ^ 97. 6 

1913-14 23. 6 

Or  if  the  snow  stakes  be  read  only  at  the  end  of  the  season  of  precipitation^ 
when  the  composite  effect  of  all  the  varying  winds  during  the  season  should 
have  created  greater  uniformity  in  tlie  snow  field,  the  local  oscillation  as 
between  seasons  is  fully  as  gi*eat,  the  variation  at  a  single  point  during  the 
seasons  of  1912-1915,  inclusive,  having  been  found  to  be  1  per  cent  in  the 
protected  cirque  and  118  per  cent  on  a  summit  cornice. 

The  gradations  in  the  series  are  as  follows : 

Percent 

Protected  cirque,  1913-1915 1.0 

Hemlock  forest,  Lee  Slope,  1913-1915 14.8 

Hemlock  forest,  Summit  Valley,  1912-13,  1914-15-^ 8a6 

Thin  forest,  gradual  slope,  exposed  to  wind,  1913-1915 69. 5 

Thin  forest,  Lee  Slope,  1912-1915 *. 98.8 

Summit  cornice,  1912-1915 UaO 
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The  above  data  also  are  based  on  snow  surveys  along  fixed  conrsea  In 
the  absence  of  snow  stakes,  whi(:h  would  have  been  prohibitive,  the  average 
of  each  five  measurements  was  used  instead  of  single  measurements  to  avoid 
errors  due  to  slight  misplacement  of  the  line. 

Finally,  an  important  consideration,  if  a  high  degree  of  accuracy  is  sought, 
iB  the  expense  of  erecting  snow  stakes  in  sufficient  numbers  and  particularly 
of  extra  height  and  strength  where  the  snow  is  deep  and  moving.  But  in 
DO  case  should  dependence  be  placed  on  snow  stakes  for  data  that  are  not 
comparable  unless  read  several  days  after  a  storm  when  the  snow  has  settled. 

THK  SNOW  SAICFLKB. 

The  snow  sampler  in  its  most  highly  develoi)ed  form  solves  the  difficulties 
confronting  the  seasonal  gauge  and  the  snow  stakes  and  can  be  operated  any- 
where that  two  men  on  snowshoes  con  go. 

The  problem  of  snow  surveying  is  primarily  that  of  man  power  to  cany 
and  drive  the  instruments.  For  personal  safety  two  men  are  essential;  a 
third  man  adds  materially  to  the  expense. 

No  sampler  is  satisfactory  that  does  not  reach  the  bottom  of  the  snow,  and 
snow  12  to  20  feet  deep  is  frequently  encountered.  To  be  driven  to  the  bot- 
tom by  two  men  the  sampler  must  be  small  in  diameter.  At  least  in  firmly 
packed  snow  the  small  diameter  involves  no  appreciably  greater  error  than  the 
larger.  Moreover,  the  contents  can  be  quickly  weighed  without  transference  to 
a  special  bucket,  an  operation  which  involves  much  extra  time  and  effort 

The  Mount  Rose  snow  sampler  was  designed  as  early  as  the  winter  of 
1908-^  for  use  in  snow  studies  in  the  Sierra  Nevada.  It  consists  of  the  tube 
A  (PI.  Ill,  fig.  1),  which  may  be  of  any  convenient  length;  where  deep  snow 
is  to  be  measured,  however,  it  is  usually  made  in  two  or  more  sections,  each 
from  4  to  10  feet  long,^  which  may  be  Joined  together  as  needed  by  guide 
screw  couplings,  B.  Extending  throughout  the  length  of  the  tube  is  a  row 
of  slots,  G,  through  which  the  length  of  the  sample  or  core  may  be  observed. 
The  depth  of  the  snow  is  indicated  by  a  scale  engraved  on  the  tube  near  the 
row  of  slots.  The  outside  diameter  of  the  tubes  now  used  is  1}  inches. 
The  cutter  D  (fig.  2),  which  is  soldered  to  the  tube  A«  has  an  internal  diameter 
of  11  inches  for  a  space  of  about  8  mm.  At  B  the  diameter  is  increased  about 
2  nmo.,  forming  a  narrow  shoulder  to  prevent  the  sample  from  falling  out 
when  the  instrument  is  withdrawn  from  the  snow.  The  outside  of  the  cutter 
is  sometimes  corrugated  to  aid  in  breaking  through  hard  snow.  The  sample 
is  easily  removed  by  inverting  the  tube,  but  any  snow  adhering  may  be 
dislodged  with  the  cleaning  tool  (fig.  4),  which  con  be  inserted  through 
the  slots.  The  handle  of  this  tool  can  also  be  used  as  a  cylindrical  gauge  to 
detect  any  injury  received  by  the  cutter.  A  thin  coating  of  shellac,  occa- 
sionally renewed,  will  protect  the  metal  from  moisture,  and  reduce  clogging 
or  adhesion  to  a  minimum. 

The  water  content  of  the  sample  is  determined  by  weighing  the  tube  and 
its  core  on  a  spring  balance  (fig.  5;  also  PI.  IV),  the  dial  of  which  is  ruled  to 
indicate  the  depth  of  water  instead  of  its  weight  The  dial  may  be  adjusted 
by  the  milled  head  H,  to  read  zero  when  the  empty  tube  is  supported  by 
the  scale,  thereby  simplifying  the  process  of  reading,  although  there  is  no  gain 

*  The  length  of  the  first  eection  should  correspond  closely  to  the  depth  of  snow  nsnally 
found,  unless  it  is  necessary  to  have  short  sections  for  ease  in  carrying.  It  matters  little 
whether  the  first  coupling  is  low  or  high  on  the  sampler,  for  the  density  of  the  snow  at  the 
time  of  its  greatest  compactness  varies  less  than  10  per  cent  from  6  to  20  feet  below  the 
surface. 
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in  accuracy.  The  index  of  the  scale  ia  a  narrow  atrip  of  sheet  metal  with  a  line 
ruled  on  ita  enter  end  ao  that  eatimataa  of  fractional  parts  of  inchee  or  oentl- 
meters  can  be  made  with  greater  aocoracy  tiian  with  the  ordinary  polntCT. 
The  scale  itself  is  a  modified  form  of  the  weU-known  Ftorachner  wprtag  r^'tftnf^, 
made  of  alnminom  and  weighing  only  two-flfths  as  mndi  as  the  stmndard 
pattern.  Usually  it  is  accurate  within  about  one  or  two-teotlis  of  the  flmaDeet 
division  of  the  diaL    For  convenience  in  reading,  the  scale  is  hung  on  a  staff 


cq- 
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~^ 

4 

A 

MX  ROSE 
SNOW  SAMPLER 


/7yil 


rijiZ 


Fty€ 


Plat*  IIL 
(fig.  6),  which  at  other  times  may  be  used  as  a  staff  or  a  ski  pole.  A  hinged 
wrench  (fig.  8)  is  sometimes  necessary  to  drive  the  tube  into  deep  compact 
snow  or  to  release  it  A  second  wrendi  is  desirable  to  facilitate  unscrewing 
the  sections  when  stuck  or  frozen  together.  The  weight  of  the  entire  equip- 
ment, including  a  sampler  21  feet  long,  is  about  26  pounds,  and  it  can  be 
easily  carried  even  in  rough  country  by  two  men,  and  has  been  carried  on 
occasion  by  one. 
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With  the  Mount  Boee  aampler,  the  water  content  of  snow,  howoTer  dense, 
both  in  the  form  of  cornices  and  on  the  level,  has  been  readily  determined  to 
21  feet,  the  greatest  depth  yet  found  in  the  basin. 

There  are  other  types  of  snow  samplers,  all  apparently  based  on  the  prin- 
ciple of  weighing.    In  1910  Pro!  0.  F.  Marrin,  now  Chief  of  the  United 


AD3USrA8L€ SCALE  rORUS€  WITH  MT.m5E  SNO^  SAMPLER 


FhATM  TV. 

States  Weather  Bureau,  devised  a  sheet  metal  sampler,*  2.75  inches  in  diameter 
and  approximately  4  feet  long,  having  a  saw-tooth  cutter.  This  sampler, 
however,  has  too  large  a  diameter,  and  is  structurally  too  weak  for  use  in 
measuring  the  deeipet  and  more  compact  snows*    Nevertheless,  it  has  been 

*U.  8.  Weftther  Bnreftu,  Inttrnment  Diyiaioii  Circular.  B  (8  ed.)f  MeaBurement  of  pre- 
dpltaUon. 

•  The  original  metal  of  the  Mount  Rose  Munpler  was  galvanized  sheet  Iron,  bat  the  cod- 
tlnned  wrecking  of  the  apparatns  forced  the  use  of  more  substantial  material. 
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used  successfully  by  Goyemment  departments  in  surveys  of  aaov^  at  moderato 
depth. 

The  Kadel  snow  sampler*  was  designed  by  B.  G.  Kadel,  present  Chi^  of 
the  Instrument  Division,  United  States  Weather  Bureau,  eapedally  tot 
weighing  dry  granular  snow,  found  mostly  in  the  Rocky  Mountains  and  oo  the 
Canadian  prairies.  This  sampler  consists  of  a  sheet-iron  tube,  CL94  inches  in 
diameter  and  5  feet  long,  within  which  is  operated  a  simple  form  ot  soil  auger 
to  get  beneath  and  raise  the  core  of  snow.  By  means  of  a  cross  pin,  the 
auger  and  tube  are  lifted  from  the  snow  together.  The  core  can  be  weighed 
in  the  sampler  or,  if  necessary,  can  be  removed  to  a  special  wei^rhinsr  can. 
This  sampler  is  well  adapted  to  comparatively  light  and  shallow  snows  and 
wliere  a  limited  number  of  measurements  and  a  high  degree  of  accuracy  are 
desired.  However,  because  of  its  size  and  structure  it  is  necessarily  llfnitff>d 
to  the  type  of  snow  for  which  it  was  especially  designed. 

Tubes  2  to  8  inches  in  diameter  and  10  feet  long,  but  not  otherwise  described, 
were  used  by  H.  K.  Burton  and  W.  A.  Richmond  in  coop^ation  with  tlie 
United  States  Weather  Bureau  in  Utah,  April,  1913.  The  depth  of  the  snow 
varied  from  1  to  9  feet  and  the  average  density  from  34  to  89  per  cent 
Regarding  these  tubes  Mr.  Burton  writes:  "It  is  hard  to  keep  them  from 
getting  l>ent  and  dented,  but  our  principal  trouble,  when  the  liard  layers 
of  snow  were  encountered,  was  the  snow  packing  in  the  lower  end  of  the 
tube." 

The  writer  has  learned  recently  that  Prof.  Angot,  director  of  the  Bureaa 
Central  M^ttorologique  de  France,  devised  a  cylindrical  snow  sampler  with 
spring  balance  in  1908,  or  a  year  before  the  Mount  Rose  sampler  was  invented, 
and  that  a  portable  snow-measuring  apparatus  for  use  in  forests  was  designed 
in  Russia  as  early  as  1901.  How  efficient  these  samplers  are  for  measuring 
deep  snow  can  only  be  surmised  by  the  fact  that  the  Qletscher-Kommissioa  ot 
Zflrich,  Switzerland,  is  using  a  Mount  Rose  sampler  in  studying  the  glacial 
snows  of  the  Alps.  Despite  the  war,  investigations  have  been  conducted  tar 
two  summers,  but  only  a  preliminary  statement  regarding  the  work  of  the 
sampler  has  reached  the  writer. 

The  range  and  accuracy  of  the  snow  sampler  is  limited  only  by  the  spring 
balance,  which  loses  in  accuracy  in  proportion  as  it  gains  in  range.  If  tb» 
sampler  is  light  and  only  shallow  snow  Is  measured,  it  should  be  possible  to 
use  a  spring  balance  of  small  range,  and  capable  of  recording  the  water  con- 
tent to  hundredths  of  an  inch,  but  if  a  standard  sampler  capable  of  measuriJUg 
snow  to  depths  of  10  to  20  feet  is  desired,  a  spring  balance  having  a  range  of 
120  inches  water  content,  in  addition  to  the  weight  of  the  sampler,  must  be 
used.  This  range  necessarily  precludes  greater  refinement  than  tenths  of  an 
inch.  However,  the  use  of  a  lever  balance  would  obviate  every  difficulty* 
provided  such  an  instrument  can  be  made  light  and  compact  Such  refinement, 
however,  is  essential  only  in  the  intensive  study  of  the  snow.  In  snow  sur- 
veying, where  irregularities  in  the  surface  of  the  ground  and  variations  in 
the  depth  of  the  snow  cover  are  prevalent,  a  large  number  of  measurements 
are  more  essential  to  accuracy  than  a  small  number,  however  carefully  mada 

TEST    or    MOUNT    BOSB    SNOW    SAICPLEB. 

BmaU  diatneter.—The  small  diameter  of  the  Mount  Rose  sampler  has  been 
criticized,  on  the  ground  that  the  core  of  snow  cut  would  not  be  sufficiently 
large  to  afford  a  correct  estimate  of  the  water  content  However,  a  careful  test 

^Monthly  Weather  BeWew  48  (Hay,  1916),  pp.  220-21,  41  (Jan.,  1918),  pp.  160-41. 


ASTBOKOMT,  METEOBOLOGT,  AND  SEISMOLOGY. 


505 


by  Mr.  Harvey  S.  Cole,  formerly  section  director  of  the  Weather  Bureau  for 
Nevada,  has  shown  that  in  compact  snow  the  sampler  has  an  accuracy  within 
1.1  per  cent 

The  following  memorandum  indicate  the  details  of  this  test : 
A  tube  4  feet  long  and  approximately  8  inches  in  diameter  was  filled  with 
snow  and  the  weight  of  the  latter  determined.  From  this  snow  three  cores 
were  cut  by  means  of  the  sampler  to  insure  obtaining  an  average  sample,  and 
the  average  weight  of  the  three  was  compared  with  the  original  weight  of  the 
■now  in  the  tube  on  the  basis  of  the  crossHsection  area  of  the  sampler  and 
the  tube. 

The  cutter  of  the  sampler  was  found  to  have  a  diameter  of  1.54  inches, 
and  a  cross-section  area  of  1.863  square  inches.  The  tube  had  an  average 
Inside  circumference  of  25.18  inches,  and  a  cross-section  area  of  50.455  square 
Inches.  The  ratio  of  the  cross  sections  was  consequently  1863:50455.  Be- 
cause of  lack  of  a  spring  balance  indicating  water  content  in  inches,  a  similar 
spring  balance  graduated  to  pounds  and  ounces  was  used.  The  weights  were 
as  follows: 

Table  2,'—Accuraoy  of  sampler  of  mndU  orifice  in  dense  snow. 


DlfTecw 

eooeb^ 

Ezparimaot. 

Weight  of 
tube  toll. 

Total  wdght 

or88amp]en 

fuU. 

AV6ISC0 

weight  Of 

1  sampler 
ftilL 

tween 

actual 

and 

com- 

Ptrnnds. 

OWUCttm 

Pwnit. 

Owneet, 

Pounds. 

Oimeft. 

Pounds. 

Ounces. 

Ownees. 

1 

M 

15.6 

5 

8.5 

1 

11.8 

I 

11.2 

0.6 

t 

44 

8.5 

5 

.5 

1 

10.8 

1 

10.8 
11.0 
18.1 

.8 

1.0 
1.0 

t 

45 

12.5 

5 

4.0 

I 

12.0 

1 

4 

49 

8.0 

5 

18.0 

1 

15.0 

1 

Insufficient  tests  of  the  sampler  have  yet  been  made  in  all  kinds  of  light 
snow.  Tests  of  light,  newly  fallen  snow  of  15  to  20  per  cent  density,  such  as 
ftdls  In  the  Sierra  Nevada,  indicate  no  loss  because  of  small  diameter.  The 
following  measurements  of  snow  by  means  of  the  If-inch  sampler  and  4i-inch 
sampler  will  illustrate: 

Table  8. — Comparison  of  samplers  of  large  and  smatt  diameters. 


>i%3!»!S;r. 

Lanewnpler, 
4iliieBMdlaniet«r. 

Snow. 

Water. 

Snow. 

Water. 

7.0 
0.5 
0.0 
0.5 

1.8 
1.4 
1.2 
1.8 

7.0 
6.0 
6.0 
6.5 

1.80 
1.38 
1.22 
1.84 

>0.5 

>1.80 

>6.4 

U.82 

>  Average. 

These  measurements  were  taken  at  random  on  the  ground.  For  an  accurate 
test  the  snow  should  be  allowed  to  fall  on  a  platform,  such  as  Is  used  through 
the  winter. 

Furthermore,  in  1016,  in  all  of  the  courses  examined  In  the  Tahoe,  Carson* 
and  Walker  basins,  the  greatest  variation  In  relative  density  between  the 
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average  of  all  of  the  measurements  of  Individual  courses  and  of  every  tentli 
measurement  in  such  courses  was  bnly  2.7  per  cent    See  Table  46. 

Mr.  Kadel  has  found  a  considerable  deficiency  In  the  case  of  granular 
or  " tapioca  "  snow»  due  either  to  the  small  diameter*  of  the  cutter  or  to  the 
inability  of  the  sampler  to  lift  the  core.  Such  snow  has  not  been  fotmd 
in  the  Sierra  Nevada  and  ought  not  normally  ^ist  in  this  form  aft^^  Its 
density  has  increased  toward  the  point  of  saturation  at  the  time  of  the  sea- 
sonal snow  survey. 

ACCBETION  OF  SNOW  THXOUOH  THB  SLOTS. 

The  accretion  of  snow  throui^  the  slots  in  driving  varies  with  the  softneas 
of  the  snow,  soft,  dry  snow  accumulating  around  the  core,  which  is  smaller 
than  the  diameter  of  the  tube,  more  readily  than  compact  snow.  Mr.  Ck>le 
has  found  this  accretion  to  be  immateriaL' 

In  any  case,  it  scarcely  exceeds  5  per  cent  of  the  total  weight  of  the  core 
and  probably  serves  to  counterbalance  the  loss  in  driving  due  to  leaving  thin 
buttons  of  snow  on  the  rodos  or  other  impervious  substances.  The  accretion 
of  snow  can  be  greatly  reduced  by  driving  the  sampler  without  twi8tin& 
Twisting,  however,  must  often  be  employed  to  penetrate  the  snow  or  lift 
the  core. 

AGCBEnON  OF  SNOW  FBOIC  Sn>BIVING. 

The  accr^on  from  scrapings  gathered  in  driving  two  or  more  times  in  tbe 
same  hole  Is  for  the  most  part  avoided,  fbr  the  sampler  has  now  been  so 
perfected  that  it  can  be  driven  with  but  tew  exceptions  through  any  snow, 
however  de^,  without  dogging.  To  show  the  upper  limit  of  correction  for 
accretion  to  be  applied,  the  following  examples  of  extreme  accretion  are 
given: 

Table  4. — Accretion  of  snow  from  redriving  in  the  same  hole. 

CONTACT  PASS,  MOUNT  ROSE,  FEB.  S8^  1910. 


SmnI  driyliifs  iii>aM|bol8. 

One  or  two  driTlnsi  tt  itnio  qmI. 

iss- 

wator. 

2X 

III8S. 

TMI 
oora. 

Wfttar 
oontvit. 

Total 
dipth. 

Numbar 

flTdftv. 

togp. 

Total 

0010. 

Waltf 
oontont. 

Indm. 
11&5 
1U.0 
190.8 

•5 

4 
4 

110.8 
U8L8 
118.8 

89.89 
IS.« 

61.94 

120.5 
118.8 
12L8 

1 
1 
8 

118.8 
118L8 
120.8 

83.96 
48.61 
48.61 

Jmdm. 
6.19 
8.92 

8.a 

TDCBBR  LINE  FOREST,  MOUNT  ROSE,  APR.  16, 1914. 

104.0 
148.0 

8 
2 

....™.. 

98.0 
76.8 

104.0 
144.6 

1 
1 

161.8 
14Z8 

81.8 
73.8 

laTO 

2.60 

TIMBER  LINE  FOREST,  FEB.  19^  19U. 

30O.O 

2 

208.0 

9S.5            QttLO 

1 

90.0 

8.60 

1  Monthly  Weather  Beriew  41  (January,  1018),  p.  160. 

*  In  the  atno^e  recorded  teat  made  by  the  writer,  an  accretion  of  0.06  Inch  (water  eqolTa- 
lent)  waa  found  In  a  depth  of  100.7  Inchea  (water  content  47.7  Inchea),  or  0.1  per  c«it 
Thia  amount,  however,  ia  abnormally  amalL 

'The  large  number  of  meaaorementa  in  the  aame  hole  waa  canaed  by  a  warm  and 
somewhat  mated  aampler  to  which  the  anow,  whether  froaty  or  molat,  tenadouily  ad- 
liarad«  The  correaponding  alngle  and  doable  meaanrementa  were  made  in  the  eTenlng 
when  the  temperature  of  the  air  had  fallen  b^hnr  I 
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SHORT    C0BE8. 

Short  cores  are  usually  caused  by  compression  or  shaking  down  In  driving.  As 
a  rule  the  length  of  the  core  closely  approximates  the  depth  of  the  snow.  The 
limit  now  regularly  allowed  in  snow  surveying  is  4  inches,  but  it  is  planned 
to  reduce  this  limit  to  2  inches.  Only  when  the  snow  is  held  up  by  bushes 
or  it  arches  above  the  ground  or  crusts  with  soft  snow  between  make  com- 
pression inevitable,  is  a  greater  divergence  allowed. 

However,  divergence  in  the  length  of  the  core  does  not  necessarily  mean  loss 
of  snow  in  driving,  though  it  is  wise  to  keep  such  measurements  under  close 
inspection.  The  following  series  of  measurements,  most  of  which  were  made 
under  adverse  conditions  when  a  succession  of  crusts  Interlay  snow  softened 
by  the  sun,*  shows  the  amount  of  compression  that  may  be  possible  without 
serious  loss: 

Table  5. — Divergence  in  water  content  due  to  tJiort  corei. 


Date. 

Depth. 

Lwth. 
of  core. 

2S» 

oore. 

Water 
content. 

Agery 

water 

Apr.  0,1910. 

/neftet. 
64.8 
M.8 

44.3 

SL8 

Indm. 
ia6 
6.6 

HeUt, 
23.06 
33.64 

/Mdkef. 
23.0 

9S.0 
910 

76.8 
91.0 

"d 

43.14 

43.01 

40.0 

Apr.M,  1913. 

M.0 
UwO 
01.  ft 

4&0 
41.4 
48.0 

ILO 
14.3 
3.0 

33.0 
2L3 
38.1 

23.0 

74.0 
70.3 
78w4 

00.3 
18.0 
76.0 

14.3 
17.3 
3.4 

30.0 
31.8 
3L8 

31.9 

Apr.  96, 1913. 

00.7 
00.4 

88.0 
67.6 

8.1 
3.9 

38.4 

98.1 

31.0 

CL0GQI19G. 

Clogging,  to  which  short  cores  are  often  due,  occurs  mostly  in  the  spring  and 
is  caused  by  the  tendency  of  the  snow,  whether  wet  or  frosty,  to  adhere  to  the 
sampler.  However,  the  affinity  of  the  wet  snow  has  now  been  neutralized  by 
covering  the  sampler  inside  and  out  with  a  coating  of  shellac  or  valspar  vami«h. 
The  difficulty  from  frosty  snow  can  be  considerably  reduced  by  keeping  the 
sampler  cool  and  dry  when  it  enters  the  snow.  In  early  spring  or  where  the 
spow  is  deep,  sampling  should  be  done  preferably  on  cool  or  dondy  days  or 
should  be  confined  to  the  evening  or  m<»iiing  or  to  the  forests  where  shade  is 
abundant  Later  in  the  spring,  when  the  frost  is  drawn  completely  from  the 
snow  by  each  midday  sun,  clogging  can  occur  for  only  a  brief  period,  morning 
and  evening.  Indeed,  when  the  snow  is  melting  it  is  sometimes  difficult  to 
raise  the  core  c<Mnplete  because  of  its  tendency  to  slide  through  the  cutter. 

The  chief  difficulty  caused  by  clogging  and  redrlving  is  the  cutting  down  of 
Sjpeed  in  sampling,  for  the  accretions  of  snow,  which  occur  in  the  form  of  loose 

^At  suuiet  the  mow  hardened  immediately  and  formed  an  admirable  aupport  for  the 
cnuta  which  could  then  be  readily  penetrated  by  the  sampler  without  reanlting  com- 
preooion. 
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crystals  dislodged  from  the  surface  of  the  hole,  can  usually  be  detected  ai^d 
eliminated  while  weighing. 

The  present  i»'oblem  is  to  prevent  clogging  in  soft  snow  when  the  tempera- 
ture of  the  air  and  that  of  the  snow  are  on  opposite  sides  of  the  freezing  poiot 
and  ski  men  dread  the  persistent  accumulation  of  snow  on  their  skL  By  fal- 
lowing the  lead  of  these  people,  paraffin  has  been  tried  with  considerable  aoo- 
cess.  It  can  be  melted  and  run  on  by  heating  the  sampler  slightly,  and  Is  mm 
durable  as  shellac 

Kerosene  is  most  effective,  but  must  be  aiq;>lied  at  frequent  intervals.  A  pre- 
pared dressing  for  ski,  and  old  graphophone  records  melted  and  run  on,  bav^e 
also  be&i  highly  recommended,  but  have  not  been  tried. 

ICE. 

Ice  forms  no  formidable  obstacle  to  sampling.  If  the  snow  has  become  satu- 
rated and  frozen,  the  sampler  can  be  driven  through  both  snow  and  Ice  by 
plunging  it  up  and  down,  as  in  rock-drlUlng,  whenever  the  weight  of  the  ob- 
server on  the  wrench  is  insufficient  to  force  it  through.  Clogging  will  occur 
only  if  the  snow  above  the  ice  is  soft 

During  the  present  season  the  snow  on  Mount  Rose  became  saturated  with 
water  and  was  melting,  when  a  long  period  of  cold  weatlier  congealed  It  Into  a 
mass  of  coarse  frozen  snow  and  Ice.  Yet,  the  only  difficulty  In  sampling  was 
the  somewhat  greater  time  required  to  penetrate  the  mass. 

DIBECnONS  FOB  USING  THE  SAMPLES. 

1.  Caution. — (a)  In  transporting  sampler  extreme  care  should  be  had  to 
guard  it  against  injury ;  it  can  easily  be  dented. 

(b)  When  sampling  on  steep  slopes  do  not  cling  to  the  sampler  to  avoid 
sliding  down  hill ;  the  tube  is  easily  bent 

(c)  Keep  the  sampler  covered  with  a  thin  coating  of  shellac  or  paraffin;  this 
not  only  prevents  rust  but  tends  to  keep  moist  snow  from  adhering  to  the 
tube.    The  threads  of  the  couplings  should  be  kept  thoroughly  oiled. 

id)  Since  ice  and  rock  sound  and  feel  alike  when  struck  by  the  sampler, 
be  careful  to  determine  what  the  substance  is;  ice  will  not  blunt  the  cutter, 
rocks  will. 

(e)  Keep  the  cutter  sharp  and  the  orifice  true  to  its  original  diameter. 
To  replace  a  damaged  or  worn  cutter,  heat  the  tube  but  only  sufficiently  to  melt 
the  solder  that  holds  the  old  cutter  and  then  sweat  the  new  cutter  Into  place. 

2.  Driving  the  sampler. — ^A.  The  difficulties  in  driving  the  sampler  are  two: 
(1)  The  protuberance  of  the  couplings  forms  a  natural  obstacle  to  the  en- 
trance of  the  sampler  into  the  snow.  However,  the  slight  bulge  of  the  cutter 
and  the  teeth  on  it  make  it  possible  by  twisting  the  sampler  to  increase  the 
wise  of  the  hole  somewhat  beyond  the  diameter  of  the  tube.  The  only  objection 
Is  the  slight  accretion  of  snow  through  the  slots.  (2)  The  presence  of  tem- 
peratures below  32^  F.  in  the  snow  while  the  temperature  of  the  air  is  above 
freezing  often  causes  the  snow  to  adhere  firmly  to  the  orifice  of  the  cutt» 
after  a  depth  of  from  10  to  12  feet  has  been  reached.  This  difficulty  can  be 
met  in  three  ways: 

ia)  Withdraw  the  sampler  when  the  cutter  is  clogged  (clogging  during  first 
driving  can  be  detected  by  looking  through  the  slots  to  see  If  the  core  fails  to 
rise),  weigh  the  sample,  and  dean  the  tube.  Then  insert  the  sampler  into 
the  same  hole,  being  careful  to  scrape  as  little  snow  as  possible  from  the  sides 
of  the  hole  into  the  sampler,  and  drive  until  the  sampler  clogs  again  (clogging 
after  the  first  driving  can  be  detected  only  by  the  resistance  of  the  sampler). 
Remove  as  before  and  continue  driving  until  the  bottom  is  reached. 
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Since  the  bottom  of  de^  snow  has  a  higher  temperature  than  the  cen- 
ter and  In  spring  is  frost  free,  the  approach  to  the  bottom  can  often  be 
detected  by  the  unexpected  ease  with  which  the  sampler  penetrates  the  snow, 
and  sudden  collision  with  roclcs  can  thus  be  averted.  The  arrival  of  the 
•ampler  at  the  bottom  can  usually  be  told  by  its  "  feel,"  and  after  brief  ex- 
perience it  is  easy  to  determine  the  character  of  the  substance  in  contact  with 
the  cutter,  whether  sand,  wood,  sod,  or  rocic,  except  that  rock  and  ice  feel 
and  sound  alike.  In  case  of  doubt  as  to  whether  the  bottom  has  been  reached 
use  firm  pressure  with  twisting  but,  if  possible,  avoid  plunging. 

The  sum  of  the  several  weighings  from  one  hole  represents  the  total  water 
equivalent  at  that  place.  The  scrapings  can  usually  be  eliminated  before 
weighing  by  means  of  the  cleaning  hook,  or,  If  necessary,  after  weighing  by 
separating  them  from  the  core  and  reweighing  them.  Scrapings  can  usually 
be  told  by  their  finer  grain  and  lack  of  cohesion.  The  excess  due  to  scrapings 
will  scarcely  exceed  5  per  cent  of  the  water  equivalent  for  each  12  feet 

(5)  In  case  sampling  Is  being  done  in  the  forest,  keep  the  8an4>ler  in  tlie 
shade  as  much  as  possible  to  keep  it  cold. 

(c)  The  best  method  of  all  is  to  sample  when  the  temperature  of  the  air 
l8  at  or  below  freezing,  or  late  in  the  season  when  the  temp^ature  of  the 
deep  snow  has  risen  to  32^  F.    At  these  times  sampling  is  easy  and  rapid. 

B.  In  driving,  a  steady  downthrust  is  preferable  to  twisting  because  with  the 
hitter  a  small  amount  of  snow  enters  the  slots.  If  driving  is  difficult,  use 
the  wrench,  which  can  quiddy  be  fastened  into  position.  If  necessary,  stand 
on  the  wrench  while  driving,  but  do  not  place  it  at  any  time  higher  than  2 
feet  above  the  snow,  for  the  tube  may  be  bent  by  the  weight  of  the  observer. 
The  dead  weight  of  one  person,  if  accompanied  by  a  thrust  of  his  body  from 
the  knees  up  (the  feet  must  be  kept  firmly  on  the  wrench)  will  be  more  effec- 
tive than  the  efforts  of  two  men  using  their  hands  on  the  wrench.  It  will 
also  strain  the  sampler  far  less.  If  the  assistant  supports  the  sampler  from 
the  side  opposite  the  observer,  complete  stability  will  be  secured. 

Plunging  should  be  used  only  in  the  case  of  ice  or  as  a  last  resort 

In  case  the  sampler  sticks  or  freezes  down,  a  light  twist  on  the  wrench  will 
usually  release  It 

O.  In  recording  snow  data  a  form  like  the  following  has  been  found  very 
serviceable: 

CcuTMe:  Contact  Pait;  Location:  Mount  Rote, 


llllflBMP* 

Dn^ 

Core. 

Wfttar 

OOOtMli. 

Dfloiity. 

B«nMBkB. 

1 

1S.S 

l&ft 

las 

2  fMt  w«tt  of  dfltd  tne^  ototar  of  pMi. 

The  record  can  readily  be  protected  from  becoming  weatherworn  in  the 
field,  for,  since  the  sheets  are  made  for  a  loose-leaf  notebook,  they  can  be  re- 
moved soon  after  being  filled. 

The  depth,  core,  and  water  content  are  recorded  in  Inches  and  tenths.  The 
length  of  the  core  is  recorded  as  a  chedjn  on  the  accuracy  of  the  measurement 
If  depth  and  core  are  identical,  tlie  symbol  cc  (core  complete)  is  used.  In  case 
of  doubt  regarding  the  core,  determine  the  density  (water  content-^depth^ 
density)  and  compare  with  that  of  other  adjacent  measurements  about  which 
there  is  no  doubt.  Otherwise  the  density  can  be  computed  at  leisure,  if 
computed  at  all.  The  remarks  should  Include  special  Items,  such  as  location 
of  measurement  character  of  forestation,  character  of  snow,  nature  and  con- 
dition of  soil,  whether  dry,  wet  or  frozen,  etc. 
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CUTTINO  AND  WEIGHING  CI7BB8. 

The  method  of  cutting  and  weighing  cubes  from  the  top  and  bottom  strata 
of  the  snow  has  long  l>een  used  by  the  Southern  Pacific  Railway '  in  seasons  of 
heavy  snowfall  to  determine  the  weight  of  snow  accumulated  on  its  anow- 
sheds  with  a  view  to  shoveling  it  off,  if  necessary. 

This  method  has  been  recommended  by  some  for  determining  the  water  ooo- 
tent  of  the  snow/  However,  the  laboriousness  of  the  operation,  the  fewneas 
of  the  measurements  possible,  and  the  crudeness  of  the  estimate  make  the 
method  one  of  tlie  least  desirable  of  the  many  proposed. 


DEPTH    ONLY. 

The  use  of  measurements  of  the  depth  of  snow  on  the  ground  irrespective  of 
water  content,  if  taken  at  a  sufficient  number  of  points  and  after  the  snow  has 
settled,  is  a  far  more  accurate  method  of  determining  the  relative  amount  of 
precipitation  than  appears  at  first  sight,  but  is  subject  to  some  variatioD 
according  to  the  character  of  the  season.  It  is  far  sup^ior  to  the  accumulated 
snowfall  measured  storm  by  storm. 

The  reason  for  its  general  accuracy  lies  in  the  fact  that  the  limits  of  varia- 
tion in  the  density  of  snow  of  all  depths  between  the  elevations  of  5,000  and 
10300  feet  during  February-March  are  88.8  and  44.7  per  cent  and  during  April- 
May,  89.6  and  50.6  per  cent,  or  approximately  10  per  cent  during  eltlier 
period  and  6  per  cent  between  the  periods  themselves  (see  Appendix,  TaMe 
I,  Increase  in  Density  with  Elevation,  Depth,  and  Season).  This  variatioo, 
however,  is  based  on  the  average  of  many  measurements  and  not  on  individnal 
ones. 

The  errors  of  this  method  by  single  or  occasional  measurements  of  depth 
at  calendar  dates  irrespective  of  the  condition  of  the  snow  is  shown  in  the 
following  comparison  of  methods  at  Summit  Station : 


Table  Q.'-ComparUan  of  depth  anly  with  other  methods. 

Mean. 

Perccotage  of  normal. 

1900-10 

mo-11 

1011-13 

101^18 

1013-14 

1014-18 

101M6 

Aoemiiiilftted  now  meMored  storm 

b7fftOrBl..w..r.r,rr .-,r,TT 

Indut. 
S4S.5 
88.9 

08.4 
78,3 

148.3 
15&0 

8&1 
8L0 

7&3 
87.8 

118.8 
143.8 

08.8 
137.0 

134.0 

Smnr  on  cmmd  If sr.  31 t  ,  r , ,  t 

138.1 

Variation 

18.1 

12.8 

4.1 

17.8 

34.3 

38.8 

3.3 

90.1 
48.76 

Doptnof  now... 

80.5 
48.3 

147.3 
16L0 

102.3 
lOLO 

134.8 

Wftteiroontait 

148.5 

The  mean  of  the  sampler  measurements  is  based  only  on  three  years,  1012- 
1016,  and  a  part  of  the  measurements  has  been  interpolated  or  corrected  -for 
differences  in  date.    The  percentage,  therefore,  is  only  approximately  correct 

The  measurements  of  snow  on  the  ground  March  31,  maintain  their  dose 
correspondence  to  the  sampler  measurements  except  in  1015,  when  a  fall  of 
snow  that  had  not  had  time  to  settle  raised  the  seasonal  percentage  unduly 
high.  The  variation  in  percentage  between  the  depth  of  the  snow  as  measured 
by  the  sampler  in  fixed  courses  and  its  water  content  is  less  than  5  per  cent 
However,  in  the  surveys  of  the  Tahoe  Basin  variations  of  18.5  per  cent  have 
occurred. 

« Monthly  Weather  Beview  48  (May,  1916),  p.  221 ;  41  (July,  1918),  p.  1098. 
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DETEBMINING    THE    WATEB    CONTENT    OB   DENSITY    OF    SNOW    COVER    FBOM    TABLES. 

To  make  it  possible  for  engineers  and  weather  observers  to  estimate  the 
water  content  of  the  snow  without  a  sampler  under  definite  conditions  of 
season,  elevation,  and  forestation,  a  set  of  '*  Tables  of  snow  densities  arranged 
according  to  seasonal  precipitation  and  melting,"  Appendix,  Table  11,^  has 
been  compiled  on  the  basis  of  16,120  measurements  of  all  typ^  of  snow  in 
the  Sierra  Nevada.  One  precaution,  however,  should  be  carefully  observed: 
The  measurements  should  be  made  several  days  after  the  last  previous  storm 
so  as  to  give  the  snow  newly  fallen  a  chance  to  settle  and  acquire  approxi- 
mately the  density  of  the  snow  cover  beneath.  The  following  table  indicates 
the  degree  of  accuracy  that  such  estimates  should  have : 

Table  7. — Comparison  of  sampler  measurements  and  tables. 
tEntire  ooones  ooly  are  oompand,  m3-1915.1 

INCHES. 


19I9-U 

1013-14 

m4-u 

3iaifoDs. 

DftptiL 

Wacir 

TflbJe. 

B«ptb, 

W^Ur 

ooQteat. 

table. 

Dvptta. 

Wwi/sr 
cooUnt 

Titilt. 

Summit.  > , ,, -* 

80.4 
94.1 

40.4 
40.3 

n.3 

05.4 
00.9 

70.0 
03.6 
33.8 
39.5 
37.1 
31.9 
49.4 
l&l 
50.0 
51.0 

40.04 
43.17 
14.09 
1{^.30 
35.0? 
35.71 
30.31 
31.30 
35.54 
37.67 
15.83 
9.  IS 
7.34 
20.03 
0.33 
34.  SO 
30.0S 
35.00 

035.0 

WanlCrt*fe_ „„. 

TsboeCity ._. 

4».i 

30.30 

19.1 

loas 
6«.i 

53.03 
34.0 

».0 
34.0 

AI0.3 
14.5 

ao.o 

BUckwood /.,--.. 

SS.9 
41. « 

n.4 
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31.0 
39.0 
34.1 
37.9 
11.3 

57.5 
143.9 
107.3 
140,5 
134.2 

3&.53 

63.07 
53.67 

0«.ft3 

33.0 
00.0 
49.4 
07,7 
05.1 

35.5 

Eulitottn 

41.7 

Mnmt T&tljK ^  , ...,,... 

35.0 

MoniitTaUftc  0,750) .„ 

Mount  TaltoA  (b;D00) , , 

31. 0 
<t30.0 

37.0 

GlHiAlplnft.... 

£6,0 

».5S 

33.0 

15.3 

niiXi     *^               ------» 

9.  S3 

Z«phfTCor>< .  ..*,^,*.*^..*. 

7.9 

HvUttoLik* 

19.0 

OlmbTW* 

0.05 

lloimtEoaa .,„ 

Mount  ttofle  (9,0Q()-W,S(») , . . 
SfouQlRoae  9,0OD) ...., 

38.9 
4L6 

U.31 

9.47 
18.30 

"ifl:6" 

31.0 

99.9 
70.5 
90.8 

43,13 

33.55 
4S.0« 

43.00 
31.04 

44.3 

«3a.9 

33.4 
30.3 

•  April-llaj,  87. 
»j^rfl-]Ift7,44.5. 
e  lib  ogm,  174. 


*  Water  nnmlng  from  snow,  JuiiAJuly  31.4. 
«  Cornice,  talus,  Timber. 


The  relative  density  of  the  snow  at  10,000  feet  in  Wyoming  as  measured  in 
1915-16'  lags  considerably  behind  the  snow  in  the  Sierra  Nevada  in  February- 
March,  but  approximates  it  more  closely  in  April-May,  when  melting  begins. 
The  extremes  of  depth,  water  content,  and  density  during  the  winter  were 
as  follows: 

Table  8. — Density  of  vioto  in  Wyoming,  season  of  1915-16. 


Mootfas. 


Depth 
of  snow. 


Water 
content 
of  mow. 


Density. 


Deoember-Jamiary 
Febraary-Maroli.. 
AprO-lfay 


30-07 
70-80 
75-48 


Jndut. 

0.0-18.0 
10.0-31.1 
38.8-19.0 


Per  emu. 


34-90 
81-40 


iReprotentatlTe  tablet  oeleeted:  February-March,   6,000'-7,000' ;   April-May,   7,000'- 
9,000';  April-May,  9,000^-10300'. 
>  Engineering  and  Contracting,  XLTI,  0  (Aug.  80,  1916),  p.  190. 
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Such  tables  should  have  a  special  value  In  estimating  the  stress  on  roofCB* 
snowsheds,  and  other  structures,  and  the  water  content  of  snow  fields. 

EVAPORATION. 


1.  Snow. — ^Auxiliary  to  the  measurement  of  the  snow  on  the  ground  Is  the 
measurement  of  the  evaporation  that  occurs  in  the  snow  fields  during  the 
season  of  melting,  next  the  losses  through  absorption  by  the  soil  during  run-ofE^ 
and,  finally,  the  evaporation  from  water  surfaces  during  storage. 

The  measurement  of  evaporation  from  snow  is  necessarily  confined  to  pcuia. 
Evaporation  pans  15  inches  in  diameter  and  6  Inches  deep  have  been  adapted 
to  the  spring  balance  of  the  snow  sampler,  the  area  of  the  pan  to  that  of  the 
sampler  bearing  the  ratio  of  100: 1.  Therefore,  although  the  dial  of  the  sprSog 
balance  can  be  read  directly  only  to  tenths  of  an  inch,  the  reduction  of  the 
data  gives  the  evaporation  In  thousandths.  The  pans  are  painted  white  to 
reduce  the  absorption  of  heat  They  are  filled  level  full  with  surface  snow  bj 
means  of  a  special  cutter,  and  so  far  as  possible  are  kept  burled  in  snow 
nearly  to  their  rims  to  reproduce  to  some  extent  the  conditions  of  the  contlnii- 
ous  snow  field. 

To  minimize  the  effect  of  subsidence  and  retraction  of  the  snow  in  the  pans, 
they  should  be  filled  in  the  evening  so  that  evaporation  measurements  can  be 
obtained  for  more  than  half  of  the  diurnal  period  before  any  subsidence  or 
shrinkage  occurs.  Except  in  freezing  weather,  the  pans  should  be  weighed  and 
preferably  refilled  once  every  24  hours. 

To  test  the  accuracy  of  the  work  the  pans  should  be  used  in  pairs.  Hoods 
of  canvas,  supported  and  held  in  position  by  a  tripod  of  rough  edgings,  are 
effectively  used  to  protect  the  pans  from  falling  snow  and  rain.  These,  liow* 
ever,  are  useless  when  the  wind  is  high  or  the  snowfall  extremely  heavy. 

As  the  free  circulation  of  air  under  the  hoods  is  carefully  maintained,  so  tar 
as  stress  of  weather  will  permit,  the  f&ctor  of  correction  to  be  applied  to  the 
pans  with  hoods  is  small,  even  In  places  fully  exposed  to  the  sun.  The  fol> 
lowing  table  indicates  the  limits  of  correction  to  be  usually  applied : 


Table  0. — ComparUon  of  hooded  and  open  pant,  Tahoe  City. 


Pate. 

Weatber. 

wind. 

Evaporation. 
Inches  oT  water. 

Percent- 
ace  or 

tlonfor 
boodod 
pans. 

Bamarks. 

Hooded 
pan. 

Open 
pan. 

Differ- 
enoe. 

Pteb.9 

Clear  to  doady — 
Part  cloudy 

Clear 

BW. 
8. 

W. 

N. 
E. 
8W. 

0.015< 
.027 

.011 
.040 

.ceo 

.020 

0.016 
.029 

.021 
.0f59 
.050 
.029 

0.002 
.002 

.010 
.001 
.000 
.009 

-11.1 
+  7.4 

+90.9  (?) 

—  2.5 

0 

+45.0 

Feb.  10. 

Trace  o(  mow  fell  In 

Feb.  11 

open  pan. 

Feb.  13 

Feb.  15 

do 

Overcast 

Feb.  17 

Qoud  V 

Rome  sleet  and  snow 

roll  in  open  pan. 

Total 

.166 

.194 

.018 

1+10.8 

I  Total  miles  of  wlnd«438.13;  mUos  per  boor-  L68- 
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A  prolonged  comparison  of  hooded  and  open  pans  at  Mnrlette  Lake  during 
April  and  May,  1916,  when  very  little  precipitation  occurred  to  distort  the 
measurements  shows  an  even  smaller  divergence  between  them.  The  pans  were 
In  pairs,  consequently  the  measurements  may  be  accepted  as  fairly  accurate. 
The  evaporation  is  uniformly  greater  from  hooded  than  from  open  pans. 

Table  10. — Prolonged  comparison  of  hooded  and  open  pans  at  Marlette  Lake, 


Hooded  pans. 
Inches. 

""^ST 

DiTergenoe. 

Date,m«. 

No.1. 

No.  a. 

Average. 

No.l. 

No.  2. 

Averase. 

Inches. 

Percent- 
age of 

CQITeC- 

Uonldr 
hooded 
pans. 

April 

1.706 
1.069 

1.715 
1.133 

1.712 
1.101 

1.510 
1.015 

1.530 
1.078 

1.525 
1.047 

0.187 
.054 

-10.9 

May.::;:::::;:::::::: 

-  4.9 

One  difficulty,  however,  Is  almost  insurmountable.  This  Is  the  drifting  of 
snow  into  and  the  ei-osion  of  snow  out  of  the  pans  during  high  winds.  If  the 
wind  is  not  too  strong,  the  spindrift  can  be  avoided  by  hanging  the  pans  from 
the  tripod  of  the  light  poles  to  which  the  hood  is  fastened ;  but  If  the  wind  Is 
strong  enough  to  raise  the  drift  snow  much  above  the  surface  of  the  snow  field, 
erosion  as  well  as  drifting  will  result,  and  the  observer  Is  helpless.  Trouble  of 
this  kind  Is  very  prevalent  on  the  higher  slopes  of  the  basin,  and  Is  not  Infre- 
quent even  on  the  basin  floor.  Fortunately,  by  the  1st  of  March  or  April,  when 
the  evaporation  measurements  are  most  necessary,  the  snow  has  become  more 
compact  and  the  wind  less  strong. 

The  situation  of  evaporation  pans  should  be  such  that  the  average  conditions 
of  the  basin  will  be  well  represented,  particularly  the  average  movement  of  the 
wind.  If  possible,  botli  the  floor  and  the  rim  of  the  basin  should  have  each  Its 
set  of  pans,  for  the  rates  of  evaporation  at  the  two  levels  are  quite  divergent 

The  pans,  however,  must  be  within  dally  reach  of  an  observer.  The  weather 
of  both  parts  of  the  basin  should  be  recorded  preferably  by  a  meteorograph  In 
order  to  obtain  continuous  records  of  the  humidity,  temperature,  and  velocity 
and  direction  of  the  wind.  If  a  meteorograph  Is  too  expensive,  at  least  a  ther* 
mograph  an<l  a  field  anemometer  should  be  Installed  at  each  level,  and  a  hygro- 
grapli  should  be  maintained  at  some  point  in  the  basin. 

Where  several  basins  lie  in  close  proximity  to  each  other  It  Is  possible  that 
the  evaporation  studies  can  be  centralized  In  one  basin  and  utilized  In  the 
others. 

2.  Lakes  and  reservoirs. — ^The  study  of  water  evaporation  from  large  lakes 
and  reservoirs  requires  apparatus  of  a  type  radically  different  from  the  evapo- 
ration pans  used  successfully  in  small  rivers  and  ponds.  At  least,  comparison 
between  evaporation  from  a  lake,  which  is  often  subjected  to  violent  wave 
action,  and  from  the  tranquil  water  of  a  pan  Is  futile,  especially  when  the 
temperatures  of  the  water  in  the  open  lake  and  In  the  pan  are  widely  diver- 
gent and  the  wind  movement  on  the  protected  shore  Is  far  less  than  on  the 
open  lake. 

A  tentative  plan  recently  devised  for  Lake  Tahoe  is  to  make  the  lake  Itself 
an  Immense  evaparatlon  pan  by  attaching  a  stIU  well  directly  to  It  In  order 
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to  determine  its  fluctoations  minutely.  By  measuring  the  inflow  and  outflow 
of  the  lake  and  applying  corrections  based  on  them  to  the  recorded  fluctua- 
tions of  the  lake  level,  the  quantity  of  evaporation  should  be  det^mined  very 
closely,  provided  the  seepage  through  the  lake  bottom  is  not  great  The  plan 
will  be  particularly  simple  in  the  winter  and  early  spring,  when  the  streams 
are  dormant  and  th^  outlet  is  tightly  closed. 

The  temperature  of  the  air  and  water  and  the  movement  of  the  wind  will 
be  recorded  by  instruments  carried  on  a  small  flatboat  in  the  middle  of  the 
lake,  and  supplementary  measurements  of  wind  and  temperature  will  be  re- 
corded on  the  shore.  When  the  factors  of  divergence  have  been  determined, 
measurements  of  wind  and  temperature  will  be  restricted  mainly  to  the  shore. 

The  design  of  the  still  well  is  as  follows :  A  tank  of  galvanized  iron,  18  inches 
in  diameter  and  sufBdently  deep  to  record  the  maximum  and  minimum  levels 
of  the  lake,  will  be  sunk  in  the  ground  on  the  shore  of  the  lake,  where  complete 
protection  can  be  had  against  surf  and  freezing.  The  tank  will  be  connected 
with  the  lake  by  means  of  a  small  pipe,  whose  orifice  will  be  extended  suffi- 
ciently /ar  beneath  the  water  to  exclude  all  sudden  fluctuations  of  the  lake. 

Tides  due  to  wind  or  moon  will  probably  affect  the  level  of  the  well,  but  by 
using  a  recording  mechanism  such  movements  should  be  plainly  recorded  in  the 
trace  and  easily  eliminated. 

If  it  is  necessary  to  provide  some  means  of  checking  the  accuracy  of  the 
float  attached  to  the  recording  gauge,  a  hook  gauge  of  wide  range  can  easily 
be  installed  in  the  tank.  It  would  seem,  however,  that  a  stream-level  gauge, 
fltted  with  nonslipping  cable,  should  furnish  a  satisfactory  record. 

The  above  plan  is  necessarily  restricted  to  reservoirs  and  lakes  that  are  fed 
through  deflnlte  inlets.  In  the  case  of  those  fed  mostly  through  percolation 
from  thehr  banks,  the  problrai  is  extremely  difficult  However,  some  dieck 
measurements  can  be  made  by  noting  the  variations  in  the  rise  of  the  water 
level  that  accompany  changes  in  wind  or  cloudiness,  provided  that  the  tem- 
perature remains  approximately  unchanged.  In  any  case,  a  fall  in  the  tempera- 
ture will  affect  the  run-off  rather  than  the  evaporation. 

Running  streams  resemble  lakes  except  that  there  is  usually  less  atomizing 
of  the  water  through  agitation.  Any  measurement  of  the  evaporation  must 
necessarily  be  conflned  to  pans  immersed  in  the  stream. 

Fortunately,  there  exists  for  Lake  Tahoe  a  series  of  observations  more  or 
less  frequently  made  1809-1906  by  United  States  Geological  Survey  and  UnltM 
States  Reclamation  Service  by  means  of  a  floating  pan  2  feet  cube  in  the  river 
mouth  where  there  was  fair  exposure  to  wind  and  sun.  This  series  has  been 
elaborated  in  a  series  of  tables  by  Edwin  Duryea,  jr.,  Bngineering  News, 
February  29,  1912,  pages  88(^888. 

ABSOBPnON  BY  THE  SOIL. 

The  absorption  of  water  by  the  soil  during  run-off  is  naturally  proportional 
to  the  character  of  the  soil  and  the  gradient  of  the  slope.  If  the  preliminary 
data  are  exact  the  normal  amount  of  absorption  can  be  readily  determined 
by  subtracting  the  run-off  from  the  water  content  of  the  snow  flelds  after  due 
regard  has  been  had  to  correct  both  the  snow  and  the  water  measurements  for 
evaporation. 

There  remains,  however,  the  larger  question  as  to  how  far  the  normal  absorp- 
tion is  decreased  by  steady  or  copious  run-off  and  increased  by  intermittent 
or  scanty  run-off. 
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The  facts  can  be  roughly  detennined  by  pr^>arlng  two  long,  deep  trays 
of  granite  sand  or  other  soil,  tilted  to  the  angle  desired,  and  running  a  fixed 
amount  of  water  through  them — through  one  intermlttaitly  and  through  the 
other  constantly,  and  then,  repeating  the  experiment,  through  one  copiously 
and  through  the  other  scantily — ^to  determine  what  proportion  of  water  in 
each  case  will  come  through  and  drain  off.  To  avoid  evaporation,  exc^t 
such  as  may  occur  by  capillary  attraction,  the  water  should  enter  the  sand 
beneath  the  surface.  Of  course,  the  longer  and  deeper  the  box  of  sand,  the 
more  satisfactory  the  experiment  will  be. 

BBOOSDS. 

The  following  table  shows  the  general  plan  of  keeping  monthly  records  of 
the  precipitation,  evaporation,  and  lake  level  at  the  headquarters  station  in  the 
Tahoe  Basin,  and  the  value  of  exact  data.  The  study  of  the  evaporation  from 
the  lake's  surface  had  not  yet  been  begun.  The  error  in  sampling  Is  usually 
small. 
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The  rise  in  the  lake  level  was  2.39  inches  less  than  the  net  predpitatton 
at  Tahoe  city.  This  is  to  be  expected,  for  the  precipitation  over  the  entire 
lake  is  approximately  23  per  cent  less  than  at  this  place.  On  this  basis  tbe 
rise  should  have  been  8.49  inches,  less  correction  for  tlie  excess  in  evaporation 
of  water  over  snow.  The  approximate  rise  was  8.64,  an  excess  of  0.15  indi, 
which  should  be  still  further  increased  for  difference  in  evaporation. 

SNOW    BUBVETmO. 

Snow  surveying,  as  distinguished  from  other  forms  of  snow  measuramentt 
consists  in  the  sampling  of  large  areas  of  snow,  covering  ev^i  entire  water- 
sheds, in  order  to  obtain  data  from  which  to  determine  the  seasonal  run-off. 

Its  value,  apart  from  its  efficiency  as  compared  with  other  methods,  lies 
in  the  fact  that  it  can  be  used  in  remote  watersheds  ind^[)endent  of  habita- 
tions and  habitants,  and,  since  surveys  need  not  be  made  until  early  spring, 
it  makes  possible  the  elimination  of  all  the  elements  of  uncertainty  and  loss 
tliat  prevail  in  the  d^th  of  winter  when  the  winds  are  at  their  worst 

IfETHODS. 

There  are  two  general  methods  of  snow  surveying:  (a)  By  seasonal  per- 
centage, and  (&)  by  areas. 

SUBVEYINO  BY  SEASONAL  PEBCBNTAGE. 

Surveying  by  seasonal  percentage  is  the  antithesis  of  surveying  by  areas, 
for  the  object  is  not  to  determine  the  exact  acre-feet  of  water  in  the  snow 
fields  of  the  watershed,  but  rather  to  determine  the  percentage  relatlonsh^ 
of  such  snow  to  the  snow  that  normally  occurs,  and  then  apply  the  resulting 
percentage  to  the  normal  run-off  as  measured  at  the  outlet  of  the  basin.  In 
this  method  the  normal  seasonal  factors  of  evaporation  and  wastage  by  the  soil 
are  eliminated  and  only  the  abnormal  variations  due  to  slow  or  rapid  melting, 
deficient  or  excessive  winds,  light  or  heavy  precipitation,  need  be  considered  in 
the  estimate.  In  the  case  of  lakes  and  reservoirs  somewhat  greater  corrections 
must  be  applied  than  in  the  case  of  narrow  streams. 

The  immediate  application  of  this  method  must  presuppose  a  normal  or  some 
previous  seasonal  measurement  of  snow  and  run-off  in  the  basin  surveyed. 
Otherwise,  such  normal  must  be  gradually  obtained. 

In  surveying  by  this  method  the  prime  essential  is  the  maintenance  of 
fixed  courses  in  characteristic  parts  of  the  basin.  These  courses  should  be 
numerous  enough  to  indicate  any  oscillation  in  precipitation  over  the  basin 
and  at  elevations  sufficiently  high  to  avoid  eccentricities  in  the  estimate  caused 
by  the  melting  of  the  snow  during  the  winter.  Where  the  region  is  wind- 
swept, the  courses  should  be  long  and  where  feasible  should  represent  wind- 
ward as  well  as  leeward  slopes. 

TAHOB   BASIN. 

So  far  as  known  this  method  has  been  developed  and  applied  only  in  the 
Tahoe  Basin,  except  that  the  United  States  Weather  Bureau,  in  cooperation 
with  the  writer,  has  conducted  one  seasonal  survey  in  the  Carson  and  Walker 
Basins. 

Since  the  basin  is  relatively  large  as  compared  with  the  other  basins  su^ 
veyed  and  is  locally  quite  diverse  in  elevation,  slopes,  and  precipitation,  it 
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famishes  a  very  satisfactory  field  laboratory  in  which  to  determine  the  relative 
efficiency  of  the  various  methods  of  snow  surveying  and  reduce  the  probl^u  of 
snow  and  run-off  to  its  lowest  possible  terms. 

CHAB^CTEBISTICS   OF  THE   BASIN. 

The  Tahoe  Basin  extends  in  a  northerly-southerly  direction  along  the  axis 
of  the  Sierra  Nevada  between  the  main  summit  of  the  range  and  an  eastern 
spur  of  slightly  greater  height  The  floor  of  the  basin  lies  at  6,225  feet  and  its 
walls  reach  their  greatest  elevation  at  10,900  feet  The  average  elevation  of 
the  entire  basUi  is  7,500  feet  The  longer  axis  of  the  basin  is  approximately 
80  miles,  the  shorter  20.  A  "lake  13  by  22  miles,  with  a  coast  line  of  76  miles, 
lies  in  the  center  of  the  basin  and  affords  ready  access  by  means  of  a  cabin- 
cruise  to  all  parts  of  the  watershed  throughout  the  year.  The  land  area  of 
the  watershed  is  804  square  miles,  the  area  of  the  lake  Itself  102.7  square  miles. 

Since  the  precipitation  diminishes  rapidly  even  at  the  same  elevation  east- 
ward from  the  summit,  the  Tahoe  Basin  is  divided  naturally  into  two  precipita- 
tion zones.  In  the  western  zone  the  precipitation  is  approximately  double 
that  of  the  eastern  and  the  forests  are  consequently  denser.  Furthermore,  the 
mountains  in  the  southwestern  part  of  the  basin  are  rugged  and  on  their  north- 
em  faces  conserve  the  snow  until  late  in  the  summer. 

The  minor  variations  in  precipitation  are  complex.  Along  the  summit  of  the 
Sierra  Nevada,  which  forms  the  westem  rim  of  the  basin,  the  precipitation 
increases  slightly,  and  for  the  most  part  regularly,  from  the  northern  to  the 
southern  end.  Yet  along  the  lake  shore  the  precipitation  Increases  rapidly 
until  the  halfway  point  is  reached,  when  it  decreases  to  the  southern  end, 
where  the  minimum  precipitation  for  this  side  of  the  lake  occurs. 

Unfortunately,  far  less  attention  has  been  given  to  surveying  the  eastern  side 
of  the  basin,  the  major  part  of  the  work  on  this  side  having  been  confined  to 
Mount  Rose  and  Marlette  Lake  in  the  northeast  and  to  measurements  along 
the  shore. 

The  relief  map  of  Tahoe  Basin,  containing  the  precipitation  measurements  for 
1916,  will  illustrate  the  diversity  in  precipitation  encountered. 

SEASONAL  OSOnXATION   IN   FBBCIPITATION. 

In  addition  to  the  constant  divergence  in  precipitation  mentioned  above, 
which  affects  only  the  method  of  surveying  by  areas,  is  the  seasonal  oscillation 
which  affects  the  method  of  surveying  by  seasonal  percentage  as  well. 

This  oscillation  has  been  computed  by  taking  the  precipitation  at  the  north- 
western part  of  the  basin  as  the  point  of  departure.  This  oscillation  is  found 
to  progress  consistently  from  north  to  south  and  from  west  to  east  as  storm 
areas  widen  or  lengthen.  That  drift  snow  forms  only  a  minor  factor  in  this 
oscillation  is  shown  by  the  fact  that,  with  a  single  exception,  both  plus  and 
minus  values  are  consistent,  irrespective  of  the  facing  of  the  slope  upon  which 
the  measurements  were  made. 

A  table  of  the  years  1909-1915  is  Inserted  for  detailed  study.  As  will  be 
seen,  the  maximum  amount  of  oscillation  between  the  north  and  south  ends  of 
the  basin  during  the  years  tabulated  is  25.8  per  cent,  the  minimum  5.4  per  cent^ 
and  between  the  east  and  west  sides  17.8  and  2.5  per  cent,  respectively.  How- 
ever, if  the  average  of  the  oscillations  of  the  sides  and  ends  be  taken,  the 
possible  divergence  is  reduced  to  16.2  and  7.2  per  cent,  respectively.  If  the 
east  central  and  southeastem  divisions  were  added,  the  divergence  would  be 
stiU  further  reduced. 
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Tabu  IZ.-^eaaonal  o$ciUatioH  of  mtow  cover  in  Tahoe  BcMiii,  Inued  on  tamSer 

content. 


Watff  content  (iusbas). 

Oaograpliiotl  MctiaDi  of  TahM  Btfin. 

1909-10 

1911-12 

3.year 
nonnal 

1912-13 

1913-14 

1914-15 

m5-16 

(1919- 

Nofthwwt 

17.81 
80.20 
27.17 
14.61 
25.06 
14.51 

64.73 
03.07 
80.30 
42.91 
62.37 
42.91 

43.17 
3&72 
3188 
2S.53 
37.26 
23.53 

07.30 
6141 
6LS9 
36w96 
63.77 
36.96 

41  ft 

w^^..::;;:::;;:;:;;:;;:;::;:;:: 

16.10 

22.46 

44.11 

43.  fit 

Southwest 

30.71 

Northmst... 

22.01 
as.  10 
22.01 

13.54 
22.46 
13.54 

26.62 
44.11 
26.62 

93.08 

wSt^iS   ; : 

41.96 

BasttidA. 

Sfkft 

GMgntphlcftl  MctiaDi  of  Tahoe  Btfiii. 

Variations  between  ieetians  baaed  on  8sa«ml 
paroenta«e. 

1900-10 

1911-12 

1912-13 

1913-14 

1914-15 

1313-13 

Northwest 

42.5 
7a2 
6&3 
58.8 
-25.8 
6a3 
53.8 
+5.5 

1515 
146.7 
149.1 
150.0 
+5.4 
150.1 
189.0 
-8.9 

103.0 
83.1 
817 
87.2 
+213 
89.0 
87.2 

+15 

IOQlO 

West 

81.8 

6a9 

145.1 

Southwest 

1SL3 

Northeost 

817 

89.9 

137  3 

•+Sb3 

West. 

'  :/ 

81.8 
817 

50.4 
50.9 
-9.5 

153.3 

East  tide. 

138.1 

lUzlmam  vvrietkm  between  east  and  west  sidn 

»  +17.3 

>  Probablj  due  to  the  eOtet  of  wind,  which  was  tmusuaOy  poUnt  in  1915-16. 
pbucb  essentials  in  subvetino  bt  pebgentaoe  method. 

L  The  selection  ot  charaoterUtio  partM  of  the  dotifi. — ^To  avoid  the  eeron 
that  may  arise  from  the  seasonal  oscillation  of  the  precipitation,  it  is  desirably, 
if  a  high  degree  of  accuracy  is  sought,  to  select  such  parts  of  the  basin  as 
counterbalance  each  other  in  location  and,  if  feasible,  r^resent  the  genoral 
characteristics  of  the  watershed.  However,  if  the  basin  is  small,  such  precau- 
tions need  not  be  taicen,  and  it  may  even  be  possible  in  a  large  watershed  to 
find  some  point  that  will  represent,  as  will  be  seen  later,  a  close  average 
of  the  whole. 

2.  The  establishing  of  ftsed  and  long  courses. — The  use  of  fixed  courses  is 
indispensable  where  careful  comparisons  are  being  made  year  by  year,  for  local 
variations  in  the  depth  of  the  snow  may  be  sufficiently  great  to  distort  the 
percentage  relationship  sought 

To  avoid  the  distortion  in  the  averages  caused  by  erosion  of  the  snow,  the 
courses  should  be  as  long  as  their  location  will  permit  and,  if  feasible,  should 
represent  both  lee  and  windward  slopes  or  slopes  protected  from  both  ovw* 
loading  and  erosion. 

To  show  the  need  of  precaution  in  exposed  situations,  the  following  cases 
of  distortion  even  with  numerous  measurements  is  cited  from  the  wind-sw^t 
flanks  of  Mount  Rose  and  Mount  Tallac  Three  courses  have  been  maintained 
for  years  across  the  lee  of  the  summit  of  the  former  in  studying  the  relatiaii- 
ship  of  talus  slopes  and  timber-line  forests  to  the  conservation  of  snow. 
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The  following  table  shows  the  annual  variation  of  each  of  these  three 
courses  and  the  necessity  of  averaging  them  all  to  avoid  grave  error: 

Table  18. — Percentage  variation  in  courses  in  windswept  region  based  on 
normal  toater  content  of  snow  cover, 

L  LSS  SLOPE,  MOUNT  BOSS. 
[Percentage  of  noniuU.] 


vn^io 

1910-11 

1911-U 

19U-U 

1918-14 

1914-16 

1916-18 

No.  1:  Saminit  oomioe,  wind-swept  Ttlos 
slone.  Forest.  48  mflAsurenMnts 

78.8 
89.6 
88.6 

159.6 

46.8 

66.4 

46.1 
82.8 

17L8 
166.0 
166.8 

87.6 
99.9 
86.8 

144.8 

IOQlO 

16L0 

48w4 

17a4 

A^ense 

84.8 

166.8 

47.4 

64.8 

164.0 

9La 

188.9 

lff)fl4t*tOlAk«. .      .....      .a.. 

166.9 

97.0 

178.8 

IL  WINDWARD  SLOPS,  MOUNT  TALLAa 
|P«eentage  of  nonnaL] 


Nombar  and  daseription  of  ooone. 

1911-18 

1918-U 

1918-14 

1914-16 

1016-16 

No.l(8,000-9,8B0fMt):  8panel7tinilMred,oonipletel7ezpoetd, 

64.4 

88.6 
71.6 
72.0 

i6a8 

166.8 
148.1 

88.9 
78.8 
79.8 

184.6 

No.  3  (9,760  feet):  On  Talus  slope  near  wc^me  summit,  6 

74.8 

NcUM^OOOfeet):  InttiinfbrestatUmofsdnukt^ 

6L1 

17a  8 

AYens*ofoeantiland8 

67.8 

67.8 

149.9 

83.0 

162.7 

62.8 

7aa 

146.7 

88.0 

146.1 

Course  2,  on  Mount  Rose,  which  Is  the  least  sheltered  either  by  the  moun- 
tain's mass  or  by  timber,  particularly  after  the  thin  scrub  has  been  burled  by 
the  snow,  presents  the  greatest  variations  and  In  most  Instances  Its  elimination 
would  result  In  Increased  accuracy. 

The  same  Is  true  In  part  of  the  courses  on  Mount  Tallac,  v^ch  Is  directly 
exposed  to  the  prevailing  winds  from  the  southwest  The  Illustrative  table 
above  contains  not  only  the  courses  on  Mount  Tallac,  but  for  purposes  of  check 
and  comparison  also  the  course  on  Rubicon  Peak,  approximately  6  miles  north. 

Course  2,  which  Is  both  short  and  fully  exposed  to  the  play  of  the  winds,  has 
Uttle  value  in  any  year.  Course  1,  In  most  years.  Is  quite  satisfactory,  but  is 
reliable  In  all,  if  averaged  with  course  8,  which  forms  Its  lowo!  extension.  The 
great  distortion  in  the  courses  on  Mount  Rose  and  Mount  Tallac  that  occurred 
la  1915-16  Is  due  to  the  unusually  heavy  winds  that  prevailed.  On  the  other 
hand,  the  dose  agreement  that  is  shown  in  1914-16  is  due  to  the  preponderance 
of  moderate  winds. 

8.  The  ideal  situations  for  individual  courses.-^The  ideal  situations  for  indi- 
vidual courses  are  (a)  meadows  protected  from  erosion  by  encircling  forests 
or  mountain  cirques  and  (b)  continuous  forests,  where  similar  protection 
from  the  wind  is  obtained.  The  protected  meadows  are  preferable,  for,  if  the 
floor  of  the  meadow  is  level,  but  few  measurements  are  necessary  to  give  a 
close  average  for  the  region.  Furthermore,  the  level  meadow  is  a  fair  com- 
promise of  the  various  slopes  that  front  upon  it 

4.  HigMeva  V.  low4evel  mecMiiremento.— Low-level  measurements  are  pref- 
erable to  high  level  in  respect  to  accessibility,  but  are  subject  to  distortion  in 
case  sufficient  rain  occurs  during  the  winter  to  melt  any  considerable  part  of 
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the  snow  cover.  In  the  Tahoe  Basin  and  on  adjacent  watersheds  rain  does 
not  occur  during  the  winter  above  7,000  feet,  and  only  on  very  rare  occaal<His 
does  any  loss  occur  in  the  snow  cover  as  low  as  6,225  feet,  the  lowest  part  of 
the  basin. 

So  far  as  precipitation  is  concerned,  the  low-level  measurements  seem  to  be 
as  representative  as  the  high  level.  However,  the  record  is  brief  and  frag- 
mentary. The  longest  record  is  confined  to  the  northwestern  and  southwestern 
part  of  the  basin  and  involves  differences  in  elevation  of  only  1,000  to  2,000 
feet 


Table  14.- 


-Percentage  relationship  of  high  and  low  level  measurements  hosed 
on  water  content. 


[Based  on  normal.] 


Counen. 

Elevation. 

1012-13 

1913-14 

1914-15 

1915-16 

Northwestern  part  of  basin: 

Ward  Creak 

Fat, 
7,000 
6230 
6;280 

8,000^,7£0 

6,800 

42.6 
61.2 
68.2 

67.8 
75.0 
71.0 

164.5 
147.0 
136.6 

140.2 
146.2 
142.9 

103.0 
91.7 
96.9 

83.0 
7&8 
85.1 

138.4 

Tahoe  City 

157.8 

Blackwood 

163.4 

Southwestern  part  of  basin: 

Konnt  Taliac 

15217 

T-ak*  Tin^i^ 

152.4 

aien  Alpine 

^246.5 

Average  percentage  of  entire  basin 

61.8 

15Z8 

87.9 

144.2 

^  The  extraordinary  depth  of  snow  in  Glen  Alpine  in  1915-16  can  be  explained  on  the  theory  of  nnnsnal 
local  conditions  either  of  precipitation  or  drifting.  The  theory  of  exoessiTe  precipitation  seems  doubtfol. 
sinoe  similar  distortions  ocoorred  at  ICeeks  Bay  (106.9  per  cent)  and  Olenbrook  (206.6  per  cent),  both  of 
which  are  exposed  to  the  wind.  However,  since  the  course  at  Olen  Alpine  is  situated  within  screens  of 
trees  deep  in  the  Olen.  one  wonders  whether  the  snow  was  blown  from  the  diffs  by  the  unusual  winds 
that  ooourred  during  the  year  and  which  so  greatly  distorted  the  records  on  Mount  Tallac.  The  agree- 
ment of  hi|^  and  low  level  measurements  in  other  years  on  Mount  Tallac  and  in  the  Olen  are  remarkably 


This  general  agreement  of  high  and  low  level  measurements  is  verified  by  a 
high  and  low  level  survey  made  of  the  entire  basin  in  1916,  the  summary  of 
which  appears  in  the  table  below : 

Tabib  1^.— Percentage  comparison  o/  high  and  low  level  surveys  of  the  Tahoe 
Basin^  February,  1916,  based  on  the  water  content. 

(Percentage  of  normal.] 


Elevatkm  of  measurements. 


West 
side. 


East 
side. 


Entire 


Hitfi 

Low  measurements 

Average  of  high  and  low  measurements. 


1138.6 
160.4 
149.6 


167.0 
167.3 
167.3 


153.8 
163.9 
158.4 


I  For  Summit  Station  and  Ward  Creek  only.    Unfortunately  the  survey  of  Rubicon  Peak,  Mount  TaUact 
and  Lake  Lucfle  had  not  yet  been  made. 

If  the  abnormal  percentages  at  Olenbrook  and  on  Mount  Rose,  203.6  and  184.5 
(partial  survey),  respectively,  are  omitted  and  later  surveys  on  Mount  Rose, 
Rubicon  Peak,  Mount  Tallac,  and  at  Lake  Lucile  are  interpolated,  the  compari- 
son for  the  entire  basin  becomes  both  closer  and  more  symmetrical : 


Elevation  of  measurements. 


West 
side. 


East 
side. 


Entire 
bastai. 


High  measurements 

Low  measurements , 

Average  of  high  and  low  measurements. 


145.5 
160.4 
153.0 


148.8 
156.2 
149.5 


144.7 
157.8 
151.3 


A8TB0K0MY,  METEOBOLOGY,  AND  SEISMOLOGY. 


523 


5.  Testing  courses  for  local  errors, — It  sometimes  happens  that  the  measure- 
ments of  a  particular  course  are  suspicious  because  of  its  unusual  situation. 
In  such  cases  ]t  is  frequently  possible  to  lay  out  a  check  course  In  the  neigh- 
borhood for  purposes  of  comparison. 

Thus  at  Summit  Station  the  original  course  was  short  and  exposed  both  to 
wind  and  to  possible  radiation  from  the  adjacent  snowshed.  Consequently,  a 
course  of  double  length  was  laid  out  in  the  continuous  forest.  The  following 
three  series  of  measurements  were  made  during  the  winter  with  reassuring 
results,  for  although  the  snow  in  the  forest  melted  more  slowly  than  near 
the  snowshed,  the  difference  was  slight: 

Table  16. — Comparison  of  courses,  Summit  Station,  1916,  depths  and  water 

content  in  inches. 


Feb.». 

Mar.  18. 

Apr.  16. 

Coorses. 

Depth. 

Water 
content. 

Depth. 

Water 
content. 

Depth. 

Water 
content. 

OrigiDal  course  near  mowabed 

14a  1 
14&8 

6a  73 
63.00 

133.3 
13&7 

64.10 
67.10 

OLO 
106.1 

6a  60 

Check  course  In  forest 

64.70 

DiTergence 

6.3 

L37 

5.4 

3.00 

16.1 

4.11 

Again,  at  Marlette  Lake  the  course  was  exposed  to  the  cumulative  effect  of 
drift  show  carried  in  from  the  frozen  surface  of  the  lake.  When,  in  1916,  the 
measurements  seemed  unusually  large,  a  check  course  was  laid  out  l>ehind  a 
sheltering  screen  of  aspens.   The  result  was  as  follows : 


Water 
content. 


Original  course.. 
Check  course.... 


34. » 
3&03 


^'Best  time  to  make  a  survey, — ^According  to  Mr.  Aldatore,  79.6  per  cent 
of  the  normal  precipitation  from  October  to  April  in  the  Tahoe  Basin  occurs 
before  March  1.  Speaking  approximately,  this  percentage  probably  aiq;»lies 
to  the  remainder  of  the  Sierra  Nevada  and  to  the  Rocky  Mountains  also. 
Consequently,  it  is  entirely  feasible  to  make  at  least  an  initial  survey  at  this 
early  date.  It  is  also  a  necessary  precaution  in  case  the  snowfall  has  been 
excessive  and  the  outlet  of  the  lake  or  reservoir  below  is  not  sufficiently  large 
to  handle  the  flood  waters,  since  the  highest  practicable  level  in  the  reservoir 
must  be  maintained. 

However,  in  general,  it  is  better  to  make  the  survey  in  March,  when  the 
season  of  accumulation  is  ending  and  only  the  occasional  spring  rains  remain 
as  a  minor  factor  in  the  forecast 

Precaution  should  be  taken,  howev^,  to  make  the  surv^  before  any  con- 
siderable part  of  the  snow  has  melted  and  run  off.  At  6,000  feet,  March  15 
has  been  found  to  be  the  latest  practicable  date  in  the  Tahoe  Basin,  but  at 
7,000  to  9,000  feet  the  survey  can  be  made  as  late  as  the  first  week  in  April. 

7.  Ripe  and  overripe  snow, — Snow  that  is  an^roaching  the  highest  density 
at  which  it  can  retain  its  water  contents  by  capillarity  has  been  termed  '*ripe" ; 
likewise,  that  which  has  lost  some  portion  of  its  water  contents  has  been 
termed  "  overripe." 
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Although  it  is  desirable  in  surveying  to  distinguish  between  tliese  two  types 
by  d^isity  measurements  alone,  there  seems  to  be  no  fixed  density  at  whidi 
the  transition  from  the  one  to  the  otlier  occurs. 

Such  density,  however,  seems  rather  to  shift  with  the  deptA  of  the  snow 
and  the  character  of  the  season. 

Moreover,  the  density  is  divided  into  two  distinct  classes  by  elevation— 
that  is,  by  wind  movement — the  d^isity  at  higher  elevations  being  greater  than 
at  low,  although  the  individual  densities  within  each  of  the  two  classes  closely 
agree. 

It  is  probably  safe,  however,  to  regard  any  snow  whose  density  is  80  per  cent 
or  lower  as  having  not  yet  passed  the  stage  of  ripeness.  At  the  lower  eleva- 
tions 80  to  40  per  cent  and  at  the  higher  85  to  40  per  cent  comprise  the  range 
within  which  the  transition  from  ripeness  to  overripeness  occurs. 

The  following  tables,  which  represent  the  mean  of  a  large  number  of  mea- 
surements, will  illustrate.  The  densities  underscored  are  those  within  the 
limits  of  which  melting  began : 

Tablb  17.— /norecMe  in  maw  denHiy  duri9ig  scomoh. 
(Pcrontofwfttflr.) 


Elevmtioof. 


6,000to7,000  7,000tol0,800 


DeeemtMrnlamttry. 
Febratry-llaroii. . . 

Aprtt-Mfy 

jitii»nJiily 


90.»-a».7 
S8.8-«t.7 
80.6-42.7 
48.<Hn.8 


31.9-I4.1 
2e.»-M.7 

48.1-48.4 


Tablb  la— Deiwtty  of  ripe  and  overripe  mow  6,000  to  7,000  feet. 
(Pcrontorwfttflr.) 


Tear. 


CtatiMtwofpfedpttatloa. 


TthoeCity. 


Counel. 


Ripe. 


Over- 
ripe. 


Counea. 


Elpe. 


Oveiw 
ripe. 


CouneS. 


Ripe. 


Over- 
ripe. 


Bleokwood. 


Ripe. 


Over- 
ripe 


1913.. 
1914.. 
1919.. 


LU^t... 
Heevy.. 
....do.. 


38.7 
81.7 
87.6 


84.8 
87.7 
48.7 


80.1 
88.1 
80.3 


84.0 
80.8 
41.8 


33.4 
80.8 
84.8 


83.7 
40.5 
4L7 


29.3 
87.1 


89.4 

89.7 


Table  19,— Density  of  ripe  and  overripe  mow  7,000  to  lOfiOO  feet. 
[Per  cent  of  water.] 


UountRoee. 

llarlette 

a.an. 

Yetr. 

COOTMI. 

Coarse  2. 

Course  8. 

Leke. 

Scmuiuk. 

Ripe. 

Oveiw 
ripe. 

Ripe. 

Ovei^ 
ripe. 

Ripe. 

Over- 
ripe. 

Ripe. 

Ove^ 
ripe. 

BIpe. 

Ov«^ 
ripe. 

1910 

NornM]. 

40.8 
40.5 
41.3 

51.0 
54.3 
40.0 

49.0 
48.8 
87.0 
48.2 

54.2 
58.7 
47.4 
54.9 

1911 

U^vy... 

1018 

Lbjht 

85.0 
40.2 

44.0 
6L8 

1010 

H^yy 

44.4 

49.0 

48.4 

5L0 
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8.  BstaJ^lishing  a  fiormal. — (a)  A  normal  for  snow  cover:  The  prompt  appli- 
cation of  the  system  of  seasonal  percentage  requires  the  early  establishing  of 
a  normal  and  in  the  meantime  the  comparison  of  the  year  under  consideration 
with  a  preceding  year  whose  precipitation  and  run-off  are  known. 

A  crudely  approximate  normal  was  first  established  for  the  Tahoe  Basin  by 
applying  to  it  the  same  seasonal  percentage  (90  per  cent)  as  that  deduced  for 
the  same  year  (190d-10)  from  a  23  years*  record  of  accumulated  snowfall  ob- 
tained largely  by  the  Weather  Bureau  in  adjacent  parts  of  the  Sierra  Nevada. 
Fortunately,  a  10  years'  record  also  of  the  seasonal  run-off  into  Lake  Tahoe 
had  been  kept  by  the  Truckee  River  General  Electric  Co. 

The  years  since  1900,  when  surveying  in  the  Tahoe  Basin  first  began,  fall 
into  groups  of  three  or  six  admirably  suited  for  forming  a  normal,  for  each 
of  the  two  sets  of  years,  1909-1912  and  1912-1915,  contains  one  ai^[)roximately 
normal  year,  one  of  heavy  and  one  of  light  precipitation.  However,  the  year 
1915-16,  in  which  the  precipitation  was  very  heavy,  could  not  be  Incorporated 
into  so  short  a  series  without  seriously  distorting  the  normal.  Of  the  two 
series,  the  second  is  based  on  somewhat  fuller  measurements  and  its  normal 
is  slightly  smaller. 

The  following  tables  will  illustrate  the  method  of  forming  the  normals  and 
the  fortunate  balance  between  the  groups  of  years: 

Table  20. — Method  of  forming  normals  in  the  Tahoe  BoHn,  ha$e4  on  water 
content  of  $notD  {inches). 


1008-10 

1910-11 

1911-12 

8.year 
normal. 

1912-18 

1918-14 

1914-18 

8.year 
normal. 

O-year 
normal. 

West  aide: 

Ward  Craek  CfSM  feet) .. 

17.81 
80.20 

27.17 

184.78 
88.07 

89.80 

48.17 
88.72 

88.88 

4L90 
48.00 

89.78 

Rubioim  Peak  (8.100  feet) 
Uoimt  Tallae  (SiOOO-O.TfiO 

iMt) 

86.10 

172.05 

28.48 

48.88 

Average,  weet  aide 

48.88 

4L68 

43.70 

East  aide: 

Mount  Roae  (9,000-10,800 

22.01 

4481 

S18.64 

26.68 

14.81 

42.91 

28.88 

26.06 

26.80 

ATefaft,  entire  baaln.. 

28.08 

188.83 

18.00 

88.23 

19.79 

82.84 

80.40 

84.28 

84.78 

1  Interpolated  on  basia  of  relation  of  anow  cover  on  Momit  Rose  In  1910-11  to  the  anow  covers  there 
in  1909-10  and  1911-12.  Thus,  the  snow  coyer  on  RnUoon  Peak  would  be  134.6  per  cent  of  86.10  and  22.48 
IncdMs,  or  72.95  faidies.    Howeyer,  this  correction  does  not  provide  for  poasibliD  osdUation  in  the  basin. 

t  Partially  interpolated. 

Table  21. — Comparison  of  short  normals  of  snow  cover  in  Tahoe  Basin,  based 
on  average  water  content  of  snow  (inches). 


1909-10 

1910-11 

1911-12 

8-year 
normal. 

1912-18 

1918-14 

1914-18 

8-year 
normal. 

O-year 
nonnaL 

Average  water  content  of 
snow  cover.. 

29.06 

816 

88.6 

18&61 
166.4 
16&7 

18.00 

6L1 

61.8 

85.22 
«100.0 

19.79 

87.7 

86.9 

82.64 
153.6 
18L8 

80.40 

88.7 

87.8 

84.28 
•  100.0 

84.78 

Seasonal  percentage  based  on 
8-7ear  normal 

8-year  normal ....Tr r-- 

« 100.0 

1  Interpolated  in  part.   See  footnote  in  table  above.  t  Average. 

In  case  records  of  accumulated  snowfall  are  lacking,  the  seasonal  percentage 
of  any  year  can  he  hased  quite  as  reliably  on  the  run-off  and  even  more  so, 
providing  the  normal  nm-off  is  based  on  sufficient  years  and  the  year  selected 
for  comparison  has  not  been  abnormal  in  temperature  or  precipitation. 
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(h)  A  normal  for  runoff- — ^The  normal  run-off  for  the  Tahoe  Basin  toe 
each  month  from  winter  to  early  summer  was  compiled  in  1915  by  Mr.  Alda- 
tore  from  the  hydrographical  records  of  the  Truckee  River  General  EUectric 
Ck).  for  use  in  connection  with  his  study  of  forecasting  based  on  accmnulated 
snowfall.  Previous  to  this  the  writer  had  compared  individual  seasons  with 
each  other  both  in  snow  cover  and  run-off  with  consequent  error  at  times 
due  to  the  freakishness  of  the  latter.  With  the  establislmient  of  short  nor- 
mals for  snow  cover  and  the  use  of  Mr.  Alciatore*s  tables,  a  more  consist^it 
estimate  has  now  become  possible. 

However,  in  the  present  paper,  these  normals  have  been  revised  by  inclading 
the  years  190^1009  with  those  from  1909-1915,  thus  obtaining  a  set  ot  nor- 
mals based  on  the  run-off  for  14  years  instead  of  6.  But  in  making  this 
revision,  the  year  1907  was  omitted  because  it  was  a  year  of  deluge,  the 
run-off  being  228.6  per  cent  of  normal,  and  its  inclusion  would  have  caused 
manifest  distortion,  as  shown  in  the  following  comparison : 

Tablb  22. — Comparison  of  normals /or  run-off  (t.  «.,  rise  of  Lake  Tahoe)  based  on 

length  of  period  (feet). 


Length  of 


UMn 
icitnnnnl 
nnwifiF. 


before 
Apr.l. 


Run-off 

after 

Apr.  1. 


15  years  (1901-1915),  Incladiiig  1907. 

14  yean,  omittizig  1907 

0yeai8, 1909-1915. 

3yean,  1909-1013 

8  yeaie,  1913-1915 


3.42 
3.15 
8.07 
8.13 
8.04 


1.60 
L4S 
L43 
L47 
1.40 


1.82 
l.«7 

1.66 
1.64 


With  the  exclusion  of  the  year  1907  from  the  series,  the  normals  based  on 
the  14-year  and  6-year  and  3-year  series  closely  agree.  The  dose  correspond- 
ence between  the  two  3-year  series  based  on  the  run-off  and  the  similar  series 
based  on  the  snow  cover  testifies  to  the  steadiness  of  the  run-off  during  these 
six  years. 

GOlfPABISON  or  SNOW  SUBVEY  IfEASUBEMENTS  AND  LAKE  LEVELS,   1009-1916. 

The  comparisons  given  below  are  based  on  high-level  measurements.  In 
the  earlier  years  these  were  made  as  a  part  of  the  study  of  the  influence  of 
mountains  and  forests  on  the  conservation  of  snow,  and  were  consequently  not 
made  as  near  the  close  of  the  period  of  accumulation  as  those  of  later  years. 
Furthermore,  the  measurements  in  1910-11  were  confined  to  Mount  Rose,  exc^t 
that  a  few  measurements  were  made  at  Tahoe  City. 

Table  23.— ^ea«onal  snow  cover  and  run-off  into  Lake  Tahoe  (after  Apr.  i). 
corrected  for  variations  in  precipitation  on  surface  of  lake,  based  on  water 
content  of  snow. 


6-yeer 
normal. 


Water  content  of  snow  cover,  precipitation  on  lake  sorflue, 
mn-olT. 


1909-10  1910-11   1011-12  1912-13  1918-14  1914^15  1915-16 


Water  content  of  snow  cover  Apr.  1 
(indies) 

Precipitation  on  lake  after  Apr.  1 
(inraies) 

Actual  rise  of  lake  (feet) , 


84.82 


13.03 
n.67 


29.00 


-2.63 
1.06 


68.01 

+0.12 
2.85 


18.00 

+1.90 
LOO 


10.79 

+0.41 
Lid 


52.64 


-0.12 
2.45 


80.40 

+0.23 
L58 


5a  86 

-2.57 
L72 


1  Normal  precipitation  at  Tahoe  City  after  Apr.  1,  8.94  inches.  Since  predjpltation  over  entire  lake,  as 
based  on  the  snow  cover,  is  approximately  23  per  coit  less  than  at  Tahoe  dfy,  the  above  normal  of  3.08 
inches  is  interpolated  from  the  record  of  precipitation  at  that  place. 

*  14-year  normaL 
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Tabls  28.-HSrea8(mal  snow  caver  and  runroff  into  Lake  Tatioe,  etc. — Ck>ntd. 


Percentage  rdationflhip  (percentage  of  normal). 

1000-10 

1010-11 

1011-12 

1012-13 

1018-14 

1014-15 

1015-16 

Water  oontent  of  mow  ootbt  Apr.  1  (IdoIim).  . 
PradpttattononlateaftcrApr.l  (inches) .... 

88.6 

-13.2 

70L4 

64.7 

+18.0 

+  6.7 

168.7 

+    LO 

160.7 

17a  7 

-  2.0 

-  LO 

6L8 

+  0.8 

6L6 

68.5 

-1L7 

-  LO 

56.0 

+  2.1 

80.0 

00.5 

-12.6 

-ia5 

15L5 

-    LO 

15a6 

146.7 

+    4.8 

+    8.8 

87.6 

04.6 
-7.1 

-  5.0 

144.0 

-  12.0 

132.0 

Aetoel  rifle  of  lake  (fset) 

108.0 

Variatloo  between  enow  cover  and  rifle  of  lake . 

Venation  between  nee  of  lake  and  oonected 

fBiecast. 

+  4L0 
+  20.0 

The  above  table  represents  graphically  the  major  factors  in  the  method  of 
seasonal  percentage  and  their  extremes.  These  factors  are  the  seasonal  snow 
cover  and  the  precipitation  on  the  surface  of  the  lake  after  the  survey  and  fore- 
cast are  made.  If  1915-16  Is  excepted,  the  maximum  variation  between  the 
snow  cover  and  the  rise  of  the  lake,  uncorrected  for  precipitation  after  April 
1,  was  18.9  per  cent,  and  between  the  snow  cover  and  corrected  rise  was  only 
10.5  per  cent  Within  the  10.5  per  cent  probably  lurks  the  usual  variation  due 
to  deficiency  or  excess  of  evaporation  during  the  season  of  run-off,  the  effect  of 
spring  and  summer  precipitation  on  the  snow  fields,  and  variation  due  to  minor 
Influences  on  the  run-off,  though  It  Is  possible  that  6  per  cent  represents  merely 
the  factor  of  error  that  the  method  Involves. 

The  lack  of  effect  on  the  run-off  when  rains  of  minor  size  fall  directly  on  the 
soil  Instead  of  on  a  water  surface  was  first  made  vivid  to  the  writer  by  Mr. 
Edward  L.  Wells,  meteorologist  of  the  United  States  Weather  Bureau,  In  com- 
menting on  the  run-off  from  the  Arrowrock  Basin,  Idaho,  in  1915.^  In  this  year 
the  percentage  relationship  to  1914  was  51  per  cent,  but  of  both  snow  and  sum- 
mer rain  was  as  high  as  82.6  per  cent.  Yet  the  run-off  was  only  35  per  cent, 
the  summer  rain  apparently  lacking  completely  in  effect  The  effect  of  the 
spring  and  summer  precipitation  on  the  snow  fields  will  naturally  be  less  as 
these  fields  grow  smaller.  The  amount  of  this  effectiveness  Is  yet  to  be  deter- 
mined. 

The  variation  In  the  year  1915-16  is  abnormal  and  is  due  for  the  most  part  to 
obvious  causes.  These  are  the  large  deficiency  in  precipitation  after  April  1 
and  the  Interruption  in  the  run-off  caused  by  the  prolonged  freezing  up  of  the 
snow  fields  during  the  spring. 

The  seasonal  estimate  of  144.9  per  cent  Is  substantiated  by  numerous  courses 
in  addition  to  those  used  In  making  the  estimate.  These  courses  represent  both 
high  and  low  levels  and  the  condition  of  the  snow  cover  In  February  as  well  as 
in  March. 

As  Indicated  in  the  table  on  seasonal  snow  cover  and  run-off  into  Lake  Tahoe, 
the  total  variation  for  this  season  is  41.9  per  cent  If  this  variation  be  oor* 
rected  for  a  deficiency  of  precipitation  on  the  lake  of  12.9  per  cent,  there 
remains  a  deficiency  of  29.0  per  cent,  a  considerable  part  of  which  is  evld^itly 
due  to  the  inten*uptlon  of  the  run-off  through  freezing.  Corroborative  evidence 
of  this  is  found  in  a  deficiency  of  18.9  per  cent  In  the  run-off  under  the  same 
temperature  conditions  in  Ck)ttonwood  Canyon,  Utah. 

Finally,  it  has  been  found  from  the  tables  of  evaporation  of  Lake  Tahoe 
complied  by  Duryea  that  the  maximum  excess  In  evaporation  over  the  mean 
for  April  to  the  middle  of  July  Is  2.84  inches,  or  14.2  per  cent  of  the  normal 
rise  of  the  lake. 

^  n.  S.  Weather  Bureau  climatologlcal  data,  Idaho  section,  AprU,  1916. 
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Evaporation  of  Lake  Tahoe  duHnif  Beaton  of  run-off  (inoheM). 


Months. 

innlmnm 

«„teo». 

M-. 

April 

1.S5 
LOB 
XS9 
1.70 

2.79 
S.90 
S.90 
^81 

l.flB 

iiSy!:;::;:::;::;;;;::::;:;:;::;::::::;;;:;;:::::;;:::::;::::::;;:;; 

XU 

XOIM 

slss 

HftH  ftf  J^\y 

a.  21 

Totel 

6.43 

U.06 

ft.81 

VartetimirromtlMiiifan 

-«.40 

+&84 

Thus  all  tlie  deficiency  In  the  rise  of  the  lake  can  be  accounted  for  without 
adding  the  excessive  evaporation  that  should  have  occurred  in  the  snow  fields. 
A  table  of  corrections  makes  this  obvious : 

Table  2i.— Correded  eitimaie  of  rUe  of  Lake  Tahoe  for  1916  baeed  om  eeoMmmi 

peroeMage. 


Peront 

Perent. 

Water  oontant  of  mow  ooTOr,  Apr.  L.«. 

144.9 

Cometioiit: 

L  IaoV  of  normftl  min .' 

13.0 

ULO 

14.9 

8^  ExoeMtve  evaporation  of  lake,, 

4.  ExoeHlve  evaporation  of  mow'oover.,, 

4L0 

Oomoted  foieoBst 

lQt.f 

Actual  riee 

10i.t 

The  exact  agreement  between  the  corrected  forecast  and  the  actual  rise  is 
apparent  rather  than  real.  Yet  the  general  agreement  is  obvious.  Owing  to 
the  evident  influence  of  continued  freezing  in  reducing  the  amount  of  run-off, 
it  is  highly  desirable  to  study  the  latter  particularly  in  terms  of  the  tempera- 
ture in  order  that  the  detailed  effects  may  be  known  and  corrections  be 
made  immediately  in  the  seasonal  estimate.  The  amount  of  freezing  and 
evaporation  can  be  readily  approximated  from  a  central  station  near  the 
watershed.  However,  in  the  case  of  a  large  open  lake  where  the  efliect  of 
precipitation  is  positive  and  immediate,  the  measurement  of  the  spring  and 
summer  rainfall  should  he  made  in  the  basin  itself.  In  this  way  later  disap> 
pointment  may  be  saved  and  the  lake  level  more  closely  regulated. 

OTHEB   METHODS   OF   F0BECA8TING   BASED    ON    SEASONAL   PEBCENTAGB. 

There  are  three  other  methods  of  forecasting  based  on  seasonal  percentage, 
viz,  (a)  the  depth  of  the  snow  cover,  (&)  the  accumulated  snowfall,  and  (c) 
the  rise  of  a  lake  from  precipitation  on  its  surface. 

(a)  Depth  of  the  snoto  cover. — Of  these  three  methods,  the  depth  of  the  snow 
cover,  previously  mentioned,  seems  to  give  the  most  consistent  results,  though 
none  of  them  compares  in  accuracy  with  the  method  based  on  water  content 
The  principal  weakness  is  the  seasonal  variation  in  the  density  of  snow  caused 
by  depth,  weather,  and  Infrequently  by  making  measurements  immediately 
after  a  storm  before  the  new  snow  has  had  sufficient  time  to  settle. 
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Usually  tlie  Tariation  between  snow  depth  and  water  content  is  less  than  10 
per  cent,  but  occasionally  it  is  considerably  in  excess  of  this,  as  is  shown  In 
the  following  surveys  of  the  Tahoe  Basin  in  which  the  snow  depths  and  water 
content  were  taken  simultaneously : 

Table  26. — Comparison  of  methods  based  on  water  content  and  snow  depths 

Tahoe  Basin. 


ntmonw 

••y~ 
normal 

Watv  oontoii  and  dapth  (indiis). 

igoo-10 

lUO-ll 

1911-12 

1912-18 

1918-14 

1014-16 

1916-16 

Wfttoroontenl 

/iMftet. 
84.76 
78.9 

99.06 
66.6 

68.01 
126.8 

18.00 
6a6 

19.79 
62.1 

62.64 
106.0 

8a  40 
60.6 

60.86 

100.6 

VAriatlon 

ScMont. 

normal 

igoo-10 

1910-11 

1911-12 

1912-18 

1918-14 

1914-16 

1916-16 

Water  eontant 

/neftet. 
34.76 
78.2 

88.6 
88.8 

168.7 
16L6 

61.8 
64.7 

66.9 

66.6 

161.6 
134.8 

87.6 
89.0 

144.9 

AlOWfl«pth .X x.x.aa      X 

140.0 

Vvtetlon 

a2 

7.2 

12.9 

9.7 

17.2 

L6 

4.9 

(5)  Accumulated  snowfaU,— The  method  of  accumulated  snowfall  has  been 
developed  to  its  fullest  extent  by  Mr.  H.  F.  Alciatore,^  meteorologist  of  th^ 
United  States  Weather  Bureau  at  Reno,  Nev^  in  the  interest  of  avoiding 
the  fatigue  of  surveying  and  the  expense  of  snow  sampling  equipment 

This  method  involves  the  measurement  of  the  depth  of  the  snowfall  by 
means  of  a  snow  stake  at  the  end  of  each  24-hour  period  during  storm 
and  requires  preferably  the  continuous  presence  of  an  observer.  When  pos- 
sible, measurements  are  made  in  the  heart  of  the  watershed,  but  if  no  one 
dwells  there  in  the  winter,  measurements  are  made  at  the  nearest  settlement 
Density  measurements  are  avoided  because  of  the  personal  error  involved  in 
making  such  determinations  by  the  means  usually  employed. 

Although  this  method  frequently  yields  consistent  results,  it  occasionally 
involves  such  great  variation  that  it  becomes  precarious  where  dependable 
estimates  are  required. 

The  underlying  cause  of  this  variation  is  the  unstable  density  of  snow, 
which  normally  has  a  range  of  30  to  100  per  cent  beyond  the  1 :  10  assigned 
it  Occasionally  this  range  is  increased  to  600  per  cent  or  more.  Even  if  the 
total  seasonal  snowfall,  in  which  temporary  extremes  fade  into  the  general 
average,  is  taken  as  a  standard  for  comparison,  divergencies  as  high  as  56.0 
per  cent  from  the  normal  density  have  been  found;  and,  if  the  total  vrinter 
precipitation  including  occasional  rains  is  taken,  these  divergencies  are  in- 
creased to  91.5  per  cent  These  and  lesser  divergencies  are  shown  in  the 
following  table  of  depth  and  density  of  accumulated  snowfall : 

1  Monthly  Weather  Beview,  44  (July,  1916),  pp.  407>409.  Method  of  forecasting  the 
nuixiniam  summer  level  In  Lake  Tahoe  from  one  to  four  months  in  advance.  Mr.  Alclatoro 
has  also  generously  given  the  writer  access  to  the  current  records  of  the  Nevada  section 
of  the  U.  8.  Weather  Bureau. 
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Table  26. — Compariton  of  depth  and  demity  of  aocumulaied  tnowfaU  i€ith  and 
without  occa9ional  rains,  Tahoe  City. 


Tear. 

Total 
acoooui- 

mowfiU. 

Water 
content 
of  total 

rain. 

Ratio  of 
water 
oontent 
of  total 

^^ng 
rain,  to 
aoeci- 
molated 
mowfaU. 

Feroat- 
a«of 
water 

rain,  to 

aooa- 

mulated 

anow&U. 

Ratio  Of 
water 
oontent 
of  mow, 
eidiBifve 
ofrmin, 
toaooa- 
miilated 
anowfalL 

Fereent. 

water 

ftintfliit 

ejcdnri^ 
of  rain. 

anowfen. 

1011-12  (January-lfardi) 

Indui, 

86.8 

217.4 

13910 

867.0 

&41 
4L64 
17.61 
4a  22 

l:iaS2 
1:  &28 
1:  7.82 
1:  0.12 

06wO 
101.5 
186.6 
100.6 

1:11.07 
l:  6.41 
1:  7.47 

irias 

OOlS 

ioiM4  ^Deoember-lfardi) 

166.0 

1014-16  (Januarr-Maidi).'. 

UI.8 

016 

A.  6 

66wO 

The  above  Tariations  are  oooaaiooaUT  sabjeet  to  stiU  farther  eiiangei  eaoaed  by  erosion  at  the  snow  statai 
daring  storms.  The  eil^  of  erosion,  nowever,  can  be  avoided  by  making  several  measwenieitta  of  deptli 
instead  of  one. 

While  increasing  the  number  of  stations  in  a  basin  will  usually  considerably 
reduce  errors  due  to  location  and  observer,  no  increase  will  offset  the  divergence 
due  to  seasonal  variation  in  density,  for  this  is  a  phenomenon  of  the  weather 
and  affects  not  only  an  entire  basin  but  adjoining  basins  as  well.  The  follow- 
ing tables  are  convincing  on  both  of  these  points : 

Table  27. — Comparison  of  accumulated  snowfall  at  9  and  4  stations  with  snow 
survey,  Tahoe  Basin,  based  on  seasonal  percentage  of  normal. 


Number  of  stations. 

1010-11 

1011-12 

1012-18 

1018-14 

1014-15 

1015-16 

e-year 
normal 
(inofaes). 

0  stations 

157.5 
137.8 
16&7 

67.4 
64.4 
51.8 

81.8 
87.1 
56.0 

111.0 
00.6 
151.5 

01.7 
81.5 
87.5 

1410 
13a  5 
144.0 

108 

4  stations 

283 

Snow  survey  (water  oontent) . . . 

84.75 

Variation  between  Oand  4 
8tati<»is 

+20.2 

+  8.0 

-6.8 

+12.3 

+10i2 

+15.5 

Variation  between  0  sta- 
tions  and  snow  survey . . 

-11.2 

+15.6 

+24.4 

-80.6 

+  4.2 

+  1.1 

Variation  between  4  sta- 
tions and  snow  survey. . 

--31. 4 

+12.6 

+3a2 

-51.0 

-  6.0 

-14.4 

Table  28. — SimUaritv  of  divergence  in  density  of  accumulated  snowfall  in 
adjoining  b<isins,  Yuba  {Summit  station),  Tahoe,  and  Carson  Basins  based 
on  seasonal  percentage  of  normal. 


Basins. 

1012-13 

1013-14 

1014-15 

1015-16 

Accumulated  snowfsU: 

Yuba  Basin  (1  station)  Summit  station  (7.010  feet) 

75.2 
8L3 

72.0 

118.5 
ULO 

05.3 

06.5 
OL? 

112.1 

184.0 

'i^oft  BaifinV4 stations)  (6,230  feet) r..i.'. 

146.5 

Carson  Basin  (2  stations):' MarkleviUe  5,525  feet.  Wood- 
iteds,  5/»4  f eet 

110.5 

Variation  between  Yuba  and  Tahoe  Basins 

-  6.1 

+  6.6 

+  6.8 

-  ILl 

Water  oontent  of  snow: 

v^ihAna<?in 

46.2 
56.0 
55.5 

15L0 
15L5 
156.0 

lOLO 
87.5 
00.0 

146.6 

Tftboe  Bfwrtn r 

144.9 

^iffiatlc^EBtween  accumulated  snowfoU  and  water  content  of 
snow: 
Yuba  Basin 

1214 

+20.0 
+24.4 

+17.4 

-  33.4 

-  30.6 

-61.6 

-  3.4 
+  4.2 

+  11.2 

—  1L6 

Tahoe  Basin ...                         

+    LI 

Carson  Basin  (variation  between  accumulated  snow  and 

—  27.1* 

>  The  records  of  run-off  have  been  generouslv  furnished  by  the  U.  S.  Cteologioal  Survey,  water  resooroet 
branch,  the  U.  8.  Reclamation  Servioe,  and  the  Truckee  River  (General  Eleotric  Co. 
*  A  part  of  this  variation  is  due  to  loss  in  run-off  caused  by  long>continued  freezing. 
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In  the  above  series,  the  excessive  variation  in  the  seasonal  percentage  of  the 
accumulated  snowfall  and  water  content  of  the  snow,  for  1913-14  and  the  close 
agreement  for  1915-16  are  paralleled  by  similar  divergence  and  agreement  in 
the  density  of  the  snow  (as  measured  in  the  Tahoe  Basin)  for  the  same  years. 
In  the  Yuba  Basin,  however,  the  agreement  is  not  so  close,  evidently  because 
of  the  single  station  there  and,  consequently,  the  larger  opportunity  for  per- 
sonal error.    This  same  is  partly  true  of  the  Garson  Basin. 

During  the  entire  six  years  in  the  Tahoe  Basin  the  variation  between  the 
two  methods  ranges  from  1.1  to  39.6  per  cent,  which  represents  a  difference  in 
the  level  of  Lake  Tahoe  of  0.2  to  7.9  inches,  or  a  maximum  of  79,000  acre-feet. 

That  other  causes  besides  divergence  in  density  lie  at  the  bottom  of  sudden 
aberrations  In  the  seasonal  percentage  based  on  accumulated  snowfall  seems 
evident  from  the  following  comparison,  in  which  there  Is  an  exceptional  aberra- 
tion in  the  Carson  Basin  in  1910-11,  and  another  in  the  West  Walker  Basin  in 
1915-16,  without  a  corresponding  change  in  the  other: 

Table  29. — Comparison  of  aberrations  in  accuniulaied  snotofaU  in  adjoining 
basins  hosed  on  seasonal  percentage. 


Basins. 

1909-10 

1910-11 

134.6 
146.9 

1911-12 

191^13 

1918-14 

1914-15 

1915-16 

Aoonmulatad  snow  fall: 

Canon  Basin:  MarUeevlUe  (6,526  feet), 
Woodfords  (6,634  feet) .V77. . . .  . . . 

80.4 
78.1 

67.9 
60.9 

72.9 
62.6 

05.8 
84.4 

112.1 
82.8 

149.6 

Weet  Walker  Basin:  Bridnport  (6,600 
feet),  Shields  Ranoh  (6^00  feet). ........ 

190.6 

2.3 

-  12.8 

-  8.0 

ia4 

10.9 

29.8 

-  41.1 

Rim-off: 

Carson  Basin.  S-year  normal  (1900-1916)... 
West  Walker  Basin,  lO-year  normal  (190^ 
1906).  (1907-1913) 

60.9 
99.1 

186.3 
154.5 

4L6 
67.7 

56.5 
62.3 

156.9 

90.9 

122.4 
123.1 

VarlatioQ  between  aooumnlated  snowfall  and 
nm-ofl: 
Carson  Basin 

+ia6 

-21.0 

-  60.7 

-  7.6 

+16.8 
+  3.2 

+17.4 

+ia2 

-  61.6 

+  21.2 

+  27.1 

Walker  Basin 

+  67  5 

This  may  be  due  to  personal  error.  Local  situation,  also,  may  play  a  part, 
for  the  stations  at  which  the  measurements  were  made  are  at  relatively  low 
elevations,  where  slight  changes  in  temperature  may  readily  turn  snow  to  rain 
and  vice  versa. 

For  example,  in  the  Tahoe  Basin,  the  accumulated  snowfall  for  1915-16  was 
146  per  cent  of  normal  or  within  1.8  per  cent  of  the  water  content  of  the  snow, 
and  at  Reno,  in  the  adjoining  Truckee  Basin,  the  seasonal  percentage  based  on 
the  total  precipitation  reduced  to  water  was  likewise  156  per  cent  Yet  at  the 
latter  place,  whose  elevation  is  4,500  feet,  the  accumulated  snowfall,  based 
on  a  6-year  normal,  was  232.5  per  cent  Finally,  the  years  1910-11  and  1913-14, 
which  were  seasons  of  almost  equally  heavy  precipitation  in  the  Tahoe  Basin, 
being  171.3  and  152.8  per  cent,  respectively,  would  be  represented  at  Reno  on 
the  basis  of  accumulated  snowfall  alone  as  having  a  precipitation  of  181  and 
103.9  per  cent 

(c).  Precipitation  on  surface  of  lake. — A  novel  method  of  determining  the 
seasonal  precipitation  has  been  devised  by  L.  O.  Murphy,  hydrographer  of  the 
Truckee  River  General  Electric  Co.  It  consists  in  using  Lake  Tahoe,  which 
never  freezes,  as  a  gigantic  rain  gauge  to  record  the  seasonal  precipitation. 

Where  an  open  lake  is  available  for  such  measurements,  this  method  should 

be  superior  to  that  of  accumulated  snowfall,  for  water,  which  is  used  instead 

of  snow,  is  an  inelastic  standard  of  measurement     Since,  however,  the  rate 

of  evaporation  of  water  is  higher  than  that  of  snow,  the  departures  from  the 
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normal  are  usually  more  pronounced.  However,  this  source  of  error  can  readily 
be  eliminated  by  measuring  the  evaporation  of  the  lake. 

It  is  also  possible  that  there  is  a  deviation  in  seasonal  percentage  from  that 
of  the  snow  cover  at  the  higher  levels,  where  the  surveys  are  usually  made, 
due  to  the  higher  temperature  over  the  lake.  However,  no  such  positive  dif- 
ference has  yet  been  discovered. 

This  method  has  been  used  only  to  obtain  results  sufficient  to  safegoard  the 
property  around  the  lake  from  being  flooded,  and  to  estimate  roughly  the 
water  available  for  power.  It  was  found  that  the  amount  of  rise  in  the  lake 
to  April  1  was  approximately  indicative  of  the  rise  after  that  date,  and  fre- 
quently forecasts  were  made  within  two-tenths  or  three-tenths  of  a  foot. 

The  only  operation  required  was  the  reading  of  the  lake  gauge  on  April  L 
As  is  obvious,  this  method  can  be  applied  only  to  basins  containing  lakes  op^ 
throughout  the  winter. 

The  writer  early  became  interested  in  this  method,  which  was  the  first  one 
successfully  used  on  Lake  Tahoe,  and  has  sought  to  determine  its  ci4;>ability  as 
a  method  of  exact  measurement  Actually,  April  1  does  not  represent  the  pre- 
cise middle  point  in  the  lake's  rise,  for  the  lake  rises  1.48  feet  before  April  1 
and  1.67  feet  after  this  date.  Furthermore,  it  is  possible  that  some  ron-oif 
may  occur  during  the  latter  part  of  March  or  even  in  midwinter,  though  such 
run-off  would  usually  be  very  small. 

Because  of  this  lack  of  balance  between  the  two  halves  of  the  season,  the 
comparison  of  the  rise  in  feet  before  and  after  April  1  has  been  supplemented 
by  the  comparison  of  the  divergence  of  each  period  from  its  own  normal. 
Finally,  this  method  has  been  compared  for  the  years  1900-1916  with  the 
methods  of  accumulated  snowfall  and  water  content  of  the  snow  cover: 

Table  30. — Comparison  of  rise  of  Lake  Tahoe  before  and  after  Apr,  1,  uHth 

other  methods. 


Rise  of  lake  (feet). 

Seasonal  peroentage  on  basis 
of  equality   before   and 
after  Apr.  1. 

CompariaoQ  of  pie- 
di^tatioo  oa  lake, 
aooumulatml  tnow- 

tent  of  snow  cover 
before  Apr.   1  on 
basis  of   seasonal 
percentage. 

Year. 

Total 
an- 
nual 
rise. 

Riae 
before 
Apr.l. 

RiM 

after 
Apr.]. 

Diver- 
gence. 

Divei^ 

genoe 

on 

baiia 

of 
equal- 

'^ 

and 

after 

Apr.l. 

Total 
an- 
nual 
rise. 

Rise 
befbre 
Apr.t 

Rise 

after 

Apr.l. 

Diver- 
gence. 

Pre- 

1^ 

Aocu- 
mu- 
lated 
snow- 
fiUl 

tions). 

Water 
con- 
tent 
of 
snow 
cover. 

IflOl 

2.97 
2.07 
2.28 
4.96 
1.86 
5.53 
7.20 
1.62 
4.47 
8.02 
5.18 
1.20 
1.46 
5.11 
2.52 
3.68 
8.16 

1.60 
1.23 

.76 
2.66 

.87 
2.02 
8.04 

.49 
2.53 
1.94 
2.38 

.14 

.80 
2.66 

.94 
1.96 
1.48 

1.47 
.84 
1.52 
2.31 
.99 
3.51 
4.16 
1.03 
1.94 
1.08 
2.85 
1.06 
1.16 
2.45 
1.58 
1.72 
1.67 

-0.03 

-  .39 

:i:i2 

+1.12 

+  -fj 

-  .59 

-  .86 

::g 

+  .64 

-  .24 
+0.19 

-0.22      94.3 

101.4 

83.1 

51.4 
179.1 

58.8 
136.5 
205.4 

33.1 
170.9 
131.1 
157.4 
9.5 

20.3 
179.7 

63.5 
182.4 

100 

88.0 

50.3 

91.0 
138.3 

50.3 
210.2 
249.1 

61.7 
116.2 

64.7 
170.7 
63.5 

69.5 
146.7 

94.6 
103.0 

100 

-13.4 

1902 

-  .58 
+  .67 

-  .53 

-  .07 
+1,30 
+  .98 
+  .85 

-  .78 
-1.06 
+  .33 
+  .78 

1:% 

ao 

65.7 

72.4 
157.5 

59.0 
175.6 
228.6 

48.3 
141.9 

95.9 
164.4 

38.1 

46.3 
162.2 

80.0 
116.8 

100 

-82.8 
+39.6 
-40.8 
+    .5 
+73.7 
+43.7 
+28.6 
-54.7 
-66.4 
+13.8 
+54.0 
+49.2 
-33.0 
+81.1 
-29.4 
0.0 

1903 

1904           .  .  . 

1905 

1906           .  .  . 

1907 

1 

1908           .  ... 

1909 

1910 

131.1 

157.5 

9.5 

20.3 
179.7 

63.5 
132.4 

80.'6 
157.6 

67.4 

81.3 
111.9 

01.7 

83.6 

1911 

168.7 

1912 

51.8 

1913 

56.9 

1914 

151.5 

1915 

87.6 

1916 

146.0      144.9 

Norma)  or  mean 
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FOBECASTINO    VBOK    SINGLE    STATIONS. 

(a)  In  the  heart  of  the  hoHn, — ^The  feasibility  of  forecasting  run-off  from 
single  stations  in  the  heart  of  a  basin  depends  largely  upon  the  seasonal 
oscillation  of  the  snowfall  there  and  the  need  of  exact  measurements.  With 
the  exception  of  a  single  year,  when  the  oscillation  amounted  to  17.3  per  cent, 
the  maximum  oscillation  between  the  eastern  and  western  sections  has  been 
under  10  per  cent  The  same  is  true  of  north  and  south,  etc.  Ck>nsequently, 
it  has  been  found  possible  to  use  Tahoe  City,  the  only  town  in  the  basin 
and  the  headquarters  of  the  snow  studies,  as  a  satisfactory  low-level  station 
from  which  to  make  approximate  forecasts  for  the  entire  basin.  The  forecasts 
so  far  made,  as  shown  in  following  table,  have  deviated  less  than  11  per  cent 
from  those  based  on  the  snow  cover  of  the  entire  basin : 


Table  31. — CamparUon  of  single  low-level  station  in  heart  of  hasin  with 
several  stations  symmetrically  placed,  based  on  seasonal  percentage  of  the 
normal  water  content  of  the  snow  cover. 


StaUons. 

1912-lS 

1913-14 

1914-15 

1916-16 

Taboe  City  (6,230  feet) 

61.2 
56.9 

147.0 
151.6 

91.8 
87.6 

155.0 

Tahoe  Bastn,  4  stations  (7,00(>-10,800  feet) 

144.9 

Variatloo 

4.3 

4.5 

4.3 

10.1 

(h)  In  adjacent  lowlands. — ^The  symptomatic  relationship  that  exists  be- 
tween the  precipitation  on  the  lowlands  and  the  mountains  is  subject  to  too 
much  variation  to  make  a  lowland  station  satisfactory  for  purposes  of  fore- 
casting. The  storms  that  lose  much  of  their  moisture  over  the  mountains  do 
not  act  uniformly  over  the  adjacrat  lowlands,  the  lighter  the  storm  the  less 
precipitation  proportionately  will  the  lowlands  receive.  In  exceptional  cases, 
as  in  1914,  a  low  was  held  sufficiently  long  over  the  Sierra  Nevada  to  make 
the  seasonal  snow  cover  abnormally  heavy,  while  within  15  miles  of  the  eastern 
edge  of  these  mountains  and  thence  eastward  over  Nevada  the  precipitation 
for  the  winter  was  at  or  below  normal.  The  records  of  precipitation  at  Reno 
(4,500  feet)  show  how  tantalizing  lowland  estimates  can  be: 

Table  32. — Comparison  of  single  station  in  adjacent  lowlands  with  several 
stations  symmetrically  placed  in  the  hasin  itself,  based  on  tot(U  precipitation, 
reduced  to  water  and  on  water  content  of  snow  (seasonal  percentage  of 
normal,  October-March). 


stations. 

Normal 

190»-10 

1910-11 

1911-12 

1912-13 

1913-14 

1914-15 

1915-16 

^^S^'^^&^^.^.'!^. 

Indten, 
5.80 

84.75 

96.5 
83.6 

174.8 
168.7 

33.6 
51.8 

85.9 
56.9 

188.8 
151.5 

71.7 
87.5 

156.0 

Taboe  Basiii  (4  stations)  snow  cover, 
7.000-10.800  feet 

144.9' 

Variation 

11.9 

6.1 

18.2 

21.0 

36.8 

15.8 

U.l 

Table  83. — Comparison  of  single  station  each  in  heart  of  basin  and  in  adjacent 
lowlands,  based  on  seasonal  percentage  of  normal,  October-March. 


stations. 

1912-13 

1918-14 

1914-15 

1015-16 

In  heart  of  basin  (Tahoe  City) 

61.2 
85.9 

147.0 
188.8 

91.8 
71.7 

155.0 

Tn  acUa^Mnit  Y4>w1an4s  (Reno) 

156.0 

Variation 

25.8 

4L3 

20.1 

1.0 
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APPLTnra  a  vobbcast  to  ohx  ob  mobb  ADJonnif e  basiks. 

From  erldence  m  far  aTailable,  it  Is  possible  to  Bp^  a  forecast  based  on 
measurements  in  one  basfn  to  an  adjoining  basin  as  wdl,  i»OTided  su^  tMstn 
Is  similarly  situated  and  a  Tariatlon  of  15  per  cent  is  allowable.  Howerer,  it 
may  not  be  satisfactory  to  include  the  adjoining  basin  next  beyond  in  tlie  fore- 
cast, for,  tbongb  the  variation  is  not  ezcesslTe,  the  seasonal  oscillation  in  i>re- 
dpltation  oyer  the  three  basins  is  sometimes  lacking  in  uniformity. 

The  possibilities  of  forecasting  for  three  basins  are  shown  in  the  foUowing 
tabular  comparisons  of  mn-off  in  the  Tahoe,  Carson,  and  West  Walker  BsRlns, 
whidi  are  situated  in  the  order  gi^en  from  north  to  south  along  the  east  slope 
of  the  Sierra  Nevada  for  a  distance  of  approximately  75  miles.  Since  excess  or 
deficiency  of  occasional  rainfall  exercises  a  positive  effect  on  the  lev^  of  Lake 
Tahoe,  the  catch  basin  for  the  Tahoe  watershed,  but  makes  little  or  no  inqpres- 
sion  upon  the  run-off  of  the  lakeless  Carson  and  West  Walker  Basins,  the  run- 
off of  the  former  basin  has  been  corrected  for  precipitation  in  order  to  make 
the  comparison  fairer. 

Tabls  34. — Variation  in  runoff  in  adjoining  basins  similarly  situated,  Tahoe^ 
Carson,  and  West  Walker  Basins,  based  on  seasonal  percentage  of  nonnmi^ 
AprHr-Jvly. 


Bfliiiit. 

1900-10 

1910-11 

1911-12 

I 
1912-13  i  1913-14 

! 

1914-15 

1915-16 

pnetnltiition) 

M.7 

77.9 
M.1 
99.1 

+1S.8 
-21.2 

170.7 

17L7 
176.7 
154.5 

61.5 

58.7 
42L4 
57.7 

69.5      146.7 

67.4      147.7 
57.2      162.0 

M.6 

98.4 
98.3 

lOt.0 
115.9 

CmoD  Btflibi  ( 15-y«Br  norntfJ) 

125.7 

Wfft  WaOur  d«6i  (ia-7Mr  Dormil) 

52.8 

123^1 

Varlitioo  httbwtm  TiOioe  (oofnctad)  and 
CanmBflftiM 

-  5.0 
+17.2 

+U.8 
-  4.0 

+10.2 
+15.1 

-15.2 

+  2.5 

— 6.S 

Varlitioo  batwean  TaluM  (oonactad)  and 
Wait  Walktf  Baaliia. 

—7.2 

Variation  batwacn  Canon  and  Wait  Walkar 
Baahiff 

-».o 

+22.2 

1 

—15.3  1   -4-  4.0 

+2.6 

Table  ^.^— Variation  between  forecast  in  Tahoe  Basin  and  run-olf  in  adjoining 
Carson  and  West  Walker  Basins,  based  on  seasonal  percentage  of  normal. 


Baaina. 

1900-10 

1910-11 

19U-12 

1912-13 

191S-14 

1914-15 

1915-16 

Voraoaat  for  Tahoe  Bastn,  Apr.  1 

Ban-off  in  Carwn  Basin,  Aprfl-July 

83.0 
64.1 
99.1 

168.7 
176.7 
154.5 

61.8 
42.4 
67.7 

66.9 
57.2 

161.5 
162.9 

87.5 
93.3 

144.9 
» 125.7 

BonH>fl  in  Wait  Walker' Baidn,  April-July. . . 

Variation  betwaaD  forwsaat  for  Tahoe 
Baain  and  nuH>ff  in  Carson  Basin. .. . 

Variation  between  forecast  for  Tahoe  Basin 
and  run-off  in  Wait  Walker  Basin 

62.3 

1123.1 



+19.5 

-  8.0 

+  9.4 

-  0.3     -11.4  \    -5.8  1 1+19.2 

-15.5 

+14.2 

-6.9 

+4.6 

1.  ..      . 

1+21.8 

1  The  fztreme  variation  is  due  to  the  prolonged  freeiing  of  the  snow  ooTtf  daring  nin-ofl.  Ifaoorrectton 
of  18.9  per  oeot,  as  pniTioaaly  soggested,  be  applied,  the  TariatioQ  wiU  be  only  +5.8  and  +7J  per  oaot, 
respectively. 

The  diminution  in  precipitation  from  north  to  south  along  the  crest  of  the 
range  in  1915-16  is  shown  particularly  in  the  reversal  of  the  normal  ratio  of 
accumulated  snowfall  at  Summit  Station  (7,019  feet)  and  Blue  Lakes  (8,000 
feet),  distant  approximately  50  miles  from  each  other.  The  normal  accumulated 
snowfall  at  the  former  station  is  based  on  44  years*  record,  at  the  latter  on 
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8  years'  record.    The  measurements  In  1916  at  both  places  were  made  by 
sampling :  ^ 

Table  86. — Diminution  in  precipitation  from  north  to  south.  Summit  Station  to 

Blue  Lakes,  1915-16. 


Btuumlt  Stotion  (7.019  feet) 

Blue  Lakes  (8,000  feet)  (Tamarack). 


Aooa- 
mulated 
snowftdl 
DonnaL 


Ineka, 
419.6 
621.  S 


Water 
oootent 
of  I 


1916. 


Iftchea, 

64.10 
67.10 


Ratio. 


Normal 
accum- 
ulated 
snowfall 


Percent^ 
100.0 
194.3 


1910 

water 

content. 


Variation. 


Percent, 
100.0 
80.1 


Percent. 


86.1 


However,  the  actual  variation  in  the  run-off  of  the  Tahoe  and  Carson  Basins, 
which  are  not  far  distant  from  these  two  stations,  seems  to  have  been  not 
greater  than  5  per  cent 

The  possibilty  of  forecasting  with  a  minimum  of  stations  rests  on  the  fact 
that  the  winter  storms  are  "  big  storms  "  and  are  widespread  as  compared  with 
those  of  summer  which  are  more  or  less  local  and  torrential.  Consequently, 
the  snow  cover  is  nearly  uniform  over  comparatively  large  areas,  except  that  a 
limited  seasonal  oscillation  is  readily  observed.  The  following  series  of  meas- 
urements made  in  level  places  at  similar  elevations  but  miles  apart  will  illus- 
trate. In  all  cases  the  difference  is  only  a  small  percentage  of  the  total  snow 
cover : 

Table  37. — Uniformity  of  snow  cover  in  similar  situations,   Tahoe-Truokee 
BaMns,  hosed  on  water  content  of  snow  cover,  measured  in  incites. 


Berks. 

191»-13 

1913-14 

1914-15 

1916-16 

1.  At  6,800  tMt,  7  miles  apart: 

Tniokee 

19.66 

nohATtUillil. 

19.23 

Variation 

1 

0.48 

3.  At  7,000  feet,  16  miles  apart: 

Snmmit  8tktlon„ 

120.20 
17.81 

166.46 
164.73 

144.60 
43.17 

64.10 

Ward  Creek 

67.30 

Variation 

2.39 

1.78 

L43 

3.20 

8.  At  8,000  feet,  7  miles  apart: 

OUmora  Lake 

32.06 
36.86 

36.64 
37.67 

76.03 

T4ikeLuflA]e 

72.88 

Variation 

3.80 

2.13 

3.19 

1  Partial  interpolations  based  on  Weather  Bureau  records  or  measurements  made  earlier  in  the  season. 

RELATIONSHIP  BETWEEN  SNOW  COVER  AT  CREST  OF  SIERRA  NEVADA  AND  RUN-OFF  ON 

ITS   WESTERN   SLOPES. 

The  close  relationship  between  the  snow  cover  and  the  spring  and  summer 
run-off  already  noticed  applies  particularly  to  the  relatively  short  streams  on 
the  eastern  slope  of  the  Sierra  Nevada,  where  the  principal  source  of  water 
supply  lies  above  6,000  feet,  close  to  the  crest  of  the  range,  and  takes  the  form 
of  winter  snowfall. 

1  The  measurements  at  Bine  Lakes  were  made  under  the  direction  of  Mr.  Aldatore  of  the 
U.  S.  Weather  Bureau  and  the  author  in  a  newly  inaugurated  snow  surrey  of  the  Carson 
and  Walker  Baalns. 
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The  streams  on  the  western  slope  of  the  Sl^ra  Nevada  are  typically  dHferani 
In  that  their  chief  source  of  supply  comes  from  both  rain  and  snow  at  ai»prozlr 
mately  6,000  feet  elevation  where  the  maximum  seasonal  precipitation  occurs. 
Furthermore,  the  run-off  at  the  point  of  greatest  supply  is  less  stable  ihsn 
in  the  higher  plateau,  for  the  temperature  may  hold  the  precipitation  back 
in  the  form  of  snow  or  release  it  prematurely  in  the  form  of  rain  or  meltlni: 
snow.  Amid  such  torrential  conditions,  the  precipitation  at  the  crest  of  the 
range  is  only  approximately  suggestive  of  the  spring  and  summ^  nin-<»fll.  At 
times  the  relation  is  very  close ;  at  others  it  is  remote,  amounting  to  ai^roxi- 
mately  40  per  cent 

Two  streams,  the  American  and  the  Yuba,  have  been  selected  for  comparison. 

The  streams  were  gauged  in  the  foothills,  at  Fair  Oaks  and  Smartsville, 
respectively,  below  the  Junction  of  their  several  forks  and  approximattiy  75 
miles  below  their  sources.  Measurements  higher  upstream  near  the  snow  line 
vrould  probably  eliminate  the  occasional  gross  divergences  due  to  floods. 

The  snow  cover  of  the  Tahoe  Basin  Is  used  as  a  basis  for  comparison,  for  it 
shares  the  crest  of  the  range  with  the  sources  of  the  American  River  and  Is  a 
dose  neighbor  of  the  Yuba  Basin.  The  snow  covar  at  Summit  Station,  situated 
at  the  head  of  the  Yuba  Basin,  will  also  be  used  in  the  comparison.  Since  tlie 
snow  cover  is  measured  April  1,  the  run-off  selected  for  con^Muison  represents 
the  run-off  from  the  snow  fields  themselves. 

Table  88. — OofnparUon  of  snow  cover  at  crest  of  Bierra  Nevada,  Apr.  1,  and 
runoff  on  it$  western  slope,  AprU^uly,  American  River  {measured  at  Faikr 
Oaks),  and  Tuha  Basin  {measured  at  SmartsvUle),  based  on  seasonal  per- 
centage  of  normal. 


WatenbedB. 

1900-10 

1010-11 

1011-13 

1913-18 

1013-14 

1014-16 

Snow  cover  at  crest  of  Storra  Nevada: 
».y«ar  normal  (19(»-W15>- 

Tahoe  Baein 

76.1 
70.5 

168.7 

180.7 
164.5 

61.8 

66.3 
60.8 

66.0 

60.0 
73.0 

16L6 

1107.3 
110.1 

87.  S 

BmH>ff  measured  at  the  western  base  of 
the  mountains: 
».year  normal  afl(»-l»16)— 

Amerlmn  Hl^er, , 

131.7 

Yuba  River 

134.0 

Variation  between  snow  cover  at  crest  and 
nm-off  of  American  River 

+7.6 
+18.1 

-13.0 
+14.3 

-3.4 
-8.0 

-3.1 
-16.1 

1+44.8 

+83.4 

—84.3 

Variation  between  snow  cover  at  crest  and 
nm-Aff  of  Yuba  River  .,--..-.          ,  - .  . 

"»,$ 

1  If  corrected  for  premature  losses  before  Apr.  1  seasonal  percentage  would  be  1364  and  the  variation  36.4. 
The  percentage  based  on  the  entire  season  was  147.1. 

Table  89. — Comparison  of  snow  cover  at  hectdwaters  of  Yuba  River,  Apr.  1, 
and  runoff  of  same  stream  at  base  of  mountains,  April^uly,  based  on  sea- 
sonal percentage  of  normal. 


Watershed. 

1900-10 

1910-11 

1011-13 

1013-13 

1013-14 

1914-15 

Snow  cover  at  crest  of  Sierra  Nevada  at 
head  of  Yuba  River,  Summit  Station. . . 

46.3 
73.0 

161.9 
U9.1 

10L9 

Run-off  of  Yuba  River  at  base  of  moun- 
tains  

134.0 

Variation  between  snow  cover  at 
head  of  Yuba  River  and  run-off  at 
base  of  mountains. 

-36.8 

+83.8 

—38.1 
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Despite  the  fact  that  the  stream  measarements  are  rated  as  unsatisfactory 
because  of  shifting  of  the  stream  beds  and  torrential  conditions,  yet  it  seems 
dear  from  the  close  agreement  between  the  snow  cover  and  the  mn-otf  in 
1909-1913  that  supplementary  gauging  and  snow  stations,  if  placed  nearer  the 
center  of  the  watershed,  will  enable  one  to  analyze  the  peculiarities  in  precipita- 
tion and  run-off  in  abnormal  seasons  like  1913-1915. 

OSCILLATION    IN    SEASONAL    SNOWFALL    ON    MAIN    MOUNTAIN    SYSTEMS    AT    OBEAT 
DI8TAN0B8  WBOU  WEST  TO  EAST. 

The  oscillation  in  seasonal  precipitation  on  the  high  watersheds  from  west 
to  east  seems  to  be  too  irregular  to  have  more  than  a  vague  relationship.  The 
cause  lies  partly  in  the  great  distances  involved,  the  Wasatch  Range  in  Utah 
being  600  miles  east  of  the  Sierra  Nevada,  and  partly  in  the  fluctuation  in  in- 
tensity of  storms. 

The  above  conclusion  is  based  on  the  following  comparison  of  the  seasonal 
snow  cover  in  the  Tahoe  and  Big  Cottonwood  Canyon  Basins,  which  are  particu- 
larly suited  to  this  purpose  because  of  their  high  elevation  in  the  center  of  their 
respective  regions.  Unfortunately,  no  measurements  have  been  made  of  the 
snow  cover  on  the  Ruby  Mountains,  an  intervening  range  of  great  height  in 
eastern  Nevada. 

Table  40. — OsoiUaiion  in  seasonal  snowfaU  from  west  to  east  based  on  seasonal 

percentage. 


Wttflfdieds. 

Normal 

WU-12 

1913-13 

191S-14 

1914-15 

1915-16 

Sierra  Nevada  Rann.  Tahoe  Basin 

Wasatch  Range  (l^): 

Big Ccittcn wood  Canyon r.... 

Yiort. 

1 

6L8 

50.9 
8S.7 

16L5 

104.7 
109.5 

87.6 

6L5 
76.2 

144.9 
112.6 

City  CreBk  Canyon 

114.3 

Variatian  toward  east»  Tahoe  and  Big  Cot- 
tonwood Canon  -.r-. . 

+918 

+96.8 

-40.8 

-96.0 

—82.8 

SUBVETING   BY  AREAS. 

Unlike  the  method  by  seasonal  percentage,  the  method  of  areas  contemplates 
the  determination  of  the  cubical  water  content  of  the  snow  fields  over  a 
definite  area.  The  estimate  takes  the  form  of  acre-feet  of  water.  Under  this 
method  the  factors  of  evaporation  and  absorption  by  the  soil  become  promi- 
nent and  will  prove  troublesome  until  their  normals  have  been  determined. 

This  general  method  embraces  several  special  methods  which  will  be  dis- 
cussed briefly : 

1.  Contour-line  surveying. — Contour-line  surveying  consists  of  the  measure- 
,    ment  at  definite  intervals  of  the  snow  cover  of  an  entire  watershed  by  using 

the  1,000-foot  contour  lines  as  guide  lines  along  which  to  measure.  The 
measurements  are  restricted  to  numerous  measurements  of  depth  only,  exip- 
plemented  by  occasional  density  measurements  by  snow  sampler  in  order  to 
estimate  the  general  water  content  of  the  snow.  This  method  was  first  em- 
ployed by  A.  H.  Thiessen,  meteorologist  of  the  United  States  Weather  Bureau 
hi  Utah,  in  Maple  Creek  Canyon,  Utah,  in  1910.  It  is  too  elaborate  and  too 
expensive,  even  with  a  few  density  measurements,  for  any  except  the  small- 
est watersheds. 

2.  Surveying  by  elevations  and  points  of  the  compass. — Surveying  by  ele- 
vations and  points  of  the  compass  was  developed  by  H.  S.  Cole,  in  1913,  when 
meteorologist  of  the  United  States  Weather  Bureau  in  Nevada,  in  order  to 
avoid  detailed  surveying  and«yet  give  due  weight  to  the  divergence  that  exists 
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in  spring  between  the  depth  of  the  snow  at  high  and  low  elevations  and  on 
various  slopes. 

The  plan  was  to  make  as  many  measurements  as  possible  in  a  basin  at 
each  of  the  eight  points  of  the  compass  for  each  1,000  feet  of  elevation.  To 
prevent  the  observer  from  unconsciously  selecting  one  type  of  snow  in  pref- 
erence to  others,  an  especially  prepared  notebook  was  used  for  the  work. 

This  method  was  used  in  the  Walker  Basin  in  1913  and  1914  and  was  used 
for  one  season  each  in  the  Carson  and  Tahoe  Basins.  Unfortunately,  the  method 
was  not  continued  long  enough  to  determine  its  value. 

It  seems,  however,  that  in  a  large  basin  the  strict  requirements  imposed  by 
the  method  can  be  fully  met  without  covering  a  sufficient  portion  of  the  entire 
basin  to  determine  its  average  snow  cover.  Consequently,  in  the  case  of  radical 
variations  in  the  snow  cover,  such  as  prevails  between  the  eastern  and  western 
sides  of  the  Tahoe  Basin,  there  is  large  opportunity  for  serious  error.  Fur- 
thermore, the  lack  of  fixed  courses  permits  possible  error  on  the  part  of  the 
observer. 

3.  Surveying  by  elevation  only, — ^A  modified  form  of  Mr.  Cole's  method  has 
been  used  since  1914  by  Mr.  Edward  L.  Wells,  meteorologist  of  the  United 
States  Weather  Bureau  for  Idaho,  in  an  intensive  experiment  on  the  watershed 
of  Cottonwood  Creek,  near  Arrowrock,  Idaho. 

This  watershed  *'  was  selected  because  of  its  small  area  and  accessibility  and 
because  of  the  possibility  of  securing  accurate  measurements  of  the  run-off. 
In  the  small  area  of  26.3  square  miles  the  elevation  ranges  from  3,000  to  7,300 
feet  and  a  wide  variety  in  slope  and  exposure  is  presented.'* 

The  measurements  of  the  snow  cover  have  varied  from  150  in  1914  to  approxi- 
mately 600  in  1915.  During  1914-1916,  the  variation  between  the  water  content 
of  the  snow  cover  and  the  measured  run-off  was  86.3,  59.8,  and  46.5  per  cent, 
respectively.  The  large  variation  in  1914-1915  was  due  to  the  scant  water  con- 
tent of  the  snow  amounting  to  6.52  inches,  a  larger  proportion  of  which  than 
usual  would  be  absorbed  by  the  soil.  The  fairly  heavy  loss  of  46.5  per  cent 
in  1916  was  probably  due  in  part  to  the  slowing  up  of  the  run-off  caused  by 
long-continued  freezing,  such  as  affected  the  run-off  in  Utah  and  western 
Nevada.  The  ordinary  absorption  loss  is  probably  nearer  36.3  per  cent  found 
in  the  first  of  the  series. 

The  large  service  rendered  by  Mr.  Wells  is  his  proof  that  occasional  rains 
on  the  soil  of  the  watershed,  "  even  when  heavy,  contribute  relatively  little  to 
the  run-off  as  compared  with  a  normal  supply  of  snow." 

4.  Surveying  hy  elevaUons  hut  at  flwed  points. — ^A  second  development  of 
Mr.  Cole's  method  was  Instituted  in  1915  by  the  Rock  Creek  Conservation  C^.  in 
the  Sand  Lake  drainage  area  in  the  Rocky  Mountains  of  Wyoming  in  coopera- 
tion with  the  local  office  of  the  United  States  Weather  Bureau  at  Cheyenne. 
The  area  at  present  surveyed  is  very  small,  being  only  8  square  miles,  and 
rises  from  10,120  to  10,800  feet. 

In  1916,  85  measurements  of  water  content  were  made  at  points  pre- 
viously marked  and  numbered.  The  result  of  the  analysis  of  the  measurements 
as  made  by  Mr.  F.  T.  Cummlngs*,  engineer,  indicates  plainly  that  where  the 
points  of  measurement  are  well  distributed  there  is  little  more  gain  in  accuracy 
by  grouping  the  measurements  according  to  slopes  or  elevations  than  by 
obtaining  their  general  average  irrespective  of  situation,  the  difference  between 
the  water  content  based  on  slopes  and  that  based  on  the  general  average  of 
all  the  measurements  being  only  0.2  inch  in  a  total  of  20.1  Inches,  and  the 
difference  between  the  acre-feet  as  estimated  by  elevations  and  by  general 
average  being  only  57  acre-feet  out  of  a  total  of  3,251  acre-feet 

^  Bngineering  and  Contractiiig,  XLVI,  9  (Aiifli»  SO,  1916),  pp.  189-92. 
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The  run-off  from  May  to  August,  inclusive,  was  8,402  acre-feet,  a  surplus 
of  151  acre-feet,  or  4.6  per  cent  over  the  estimated  water  content  of  the  snow 
cover.  This  estimate  would  be  very  close  if  it  included  corrections  for  evap- 
oration from  the  snow  and  for  absorption  by  the  soil.  However,  it  is  possible 
that  the  ground  was  already  saturated  when  the  snow  survey  was  made. 

The  disadvantage  of  maintaining  random  points  of  measurement  instead 
of  one  or  more  straight  courses  lies  in  the  confusion  in  finding  them,  which 
prevents  rapid  work. 

No  figures  are  yet  available  to  show  the  run-off  losses. 
.  5.  Surveying  in  typical  parts  of  the  basin  orUy, — ^The  most  efficient  of  the 
several  methods  based  on  areas  seems  to  be  that  of  surveying  only  in  typical 
parts  of  the  basin.  By  this  method  the  amount  of  surveying  is  reduced  to  a 
minimum  proportional  to  the  amount  of  oscillation  in  the  basin  and  the 
accuracy  of  the  measurement  of  the  snow  cover  there. 

Two  basins  have  been  surveyed  by  this  method.  Big  Cottonwood  Canyon, 
one  of  the  main  sources  of  the  municipal  water  supply  of  Salt  Lake  City. 
Utah,  and  Tahoe  Basin,  where  the  method  of  seasonal  percentage  was  de- 
veloped. Big  Cottonwood  Basin  covers  48.5  square  miles;  Tahoe  Basin, 
exclusive  of  Lake  Tahoe,  804  square  miles.  Since  the  latter  is  practically 
six  times  the  size  of  the  former,  a  comparison  of  the  results  of  the  method 
in  the  two  basins  is  highly  desirable. 

Big  Cottonwood  Canyon, — The  survey  in  Big  Cottonwood  Canyon  was  begun 
In  1912 1  by  the  engineering  department  of  Salt  Lake  City  corporation  with  the 
advice  and  cooperation  of  the  local  office  of  the  United  States  Weather  Bureau. 
This  basin  is  rugged  and  rises  from  6,800  feet  at  its  mouth  to  11,600  feet  at  its 
source.  It  is  characterized  by  a  number  of  fairly  long  parallel  forks  that  enter 
the  main  canyon  from  either  side.  Since  the  condition  of  the  snow  in  several 
of  these  forks  is  practically  the  same,  the  measurements  are  confined  to  selected 
forks  and  the  results  are  then  applied  to  the  other&  From  70  to  90  measure- 
ments of  water  content  and  approximately  800  measurements  of  depth  are 
made  in  each  survey.  The  measurements  are  made  as  nearly  as  possible  in  the 
same  place  each  year,  and,  although  not  precisely  marked,  are  determined  with 
reference  to  some  natural  object  From  six  days  to  two  weeks  are  used  each 
year  in  the  work. 

The  following  table  represents  the  actual  discharge  compared  with  the  esti- 
mate based  on  the  snow  survey: 

Table  41. — Comparison  of  run-off  and  snow  survey  estimates  of  Big  Cottonwood 
Canyon,  1912-1916,  Ixised  on  acre-feet. 


Disdiarge. 

Diver- 
gence, if 

lemam- 

Diver- 
gence Of 

ingone- 
tiUrdof 

Snow 

weir 

basin  is 

Year. 

Weir 

survey 
estimales 

measure- 
ment 

assigned 
same 

measure- 
ment. 

of  two- 

and  snow 

water 

thirds 

survey. 

content 

oTbasin. 

as  the 
two- 
thirds. 

Aen-feet.  Acre^eet. 

Percent. 

Percent, 

1912 

52,458 

55,561 

-^0 

—36.9 

1913 

80,096 

81.705 

-1-14.0 

—23.9 

1914 

48.500 

39,674 

-1-22.0 

—18.8 

1915 

29.380 

34.663 

-1-19.0 

—2a  4 

1916 

41,062        40,863 

oao 

-32.8 

1  Monthly  Weather  Review  40  (AprU,  1912),  pp.  609-610. 
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The  snow  surrey  estimates  in  every  year  except  the  first  are  less  than  tlie 
actual  run-off.  The  difficulty  is  evidently  caused  by  the  exclusion  from  tlie 
survey  of  a  rugged  region  which  is  nearly  bare  at  the  time  of  the  scurvey 
except  for  small  patches  in  the  bottom  of  the  ravines.  This  region  has  an 
area  of  16.09  square  miles,  or  one-third  of  the  entire  basin.  If  Its  bar^neos 
is  apparent  rather  than  real,  and  the  snow  cover  found  elsewhere  in  the  basin 
Is  assumed  to  exist  here  also,  the  divergence  is  still  somewhat  less  than  in 
Cottonwood  Creek,  Idaho,  its  extreme?  being  18.3  and  86.9  per  cent  as  ccxn- 
pared  with  86.3  and  59.8  per  cent  for  the  latter. 

The  summer  rains  on  the  wat«*shed  probably  has  little,  if  any,  influence 
on  the'  run-off. 

However,  if  the  data*  used  in  the  above  estimates  are  recast  in  the  form 
of  seasonal  percentage  (see  Table  42  below),  the  relationship  between  tbe 
snow  cover  and  the  run-off  is  fairly  satisfactory  for  so  rugged  a  waterstied. 
It  is  even  possible  that  carefully  selected  fixed  courses  would  yield  still  clofier 
results.  The  divergence  of  —13.9  per  cent  in  1916  is  evidently  due  to  the 
"very  cold  weather  late  in  May  and  all  of  June"  so  that  "the  run-off  ^was 
slow,  with  no  high  water  at  all." 

Table  42. — 8noto  cover  and  run-off  from  Big  Cottonwood  Canyon,  Utah,  oan^ 
pari$on  ba$ed  on  seasonal  percentage. 

(Normal  water  content  of  snow  (4  yeen,  1012-1915),  21.08  InotieB;  nonnal  nm-off  at  weir  (4  yean,  1913-1915). 

41,600  aore-feet.] 


Year. 

Seasonal  water 
content  of  snow. 

Esti- 
mated 
runrofl 
at  weir 

8sr 

Aetaal 
run-off 
at  weir 

Divergeoce. 

Inches. 

Perc«nt. 
of  normal. 

Percent. 

Acre-feat. 

1012 

32.16 
18.34 
22.05 
14.26 
24.60 

146.6 
83.7 

104.7 
65.1 

112.6 

60,008.8 
84  836.7 
43,5616 
27,097.5 
46,851.7 

62,458 
36,008 
48,600 
20,380 
41,063 

-20.6 

Ui 

+  5.5 
-13.0 

-8, 54a  8 
-H,  271.1 
+4,93S.4 

-1-2.29X6 
-6,7».7 

1013 

1014 

1016 

1016 

The  general  accuracy  of  the  measurements  in  Big  Cottonwood  Canyon  is  indi- 
cated by  the  measurements  made  by  A.  H.  Thiessen,"  meteorologist,  United 
States  Weath^  Bureau  at  Salt  Lake  City,  in  City  Creek  Canyon  situated  at 
the  opposite  end  of  the  same  general  watershed.  Mr.  Thiessen*s  method  Is 
one  of  seasonal  percentage  rather  than  areas.  The  seasonal  percentages  tor 
1918-1916,  as  based  on  his  average  water  content  of  the  snow,  are  109.5,  76J2, 
and  114.3,  an  apparent  maximum  variation  of  14.7  per  cent  However,  if  the 
measurements  in  the  two  canyons  are  compared  on  the  basis  of  their  normals 
for  the  years  common  to  both,  the  maximum  divergence  in  snow  cover  between 
them  is  only  7.1  per  cent,  and  the  maximum  divergence  in  the  run-off  8*7 
per  cent 

Lake  Ta1toe.—The  method  of  areas  as  applied  to  the  Tahoe  Basin  differs 
from  that  used  in  Big  Cottonwood  Canyon  in  the  maintenance  of  fixed  and 
long  courses.  For  the  purposes  of  making  a  careful  test  the  basin  was  divided 
into  east  and  west  sections  because  of  the  strong  divergence  in  precipitation 
between  them.  Furthermore,  each  section  was  subdivided  along  the  7,009-foot 
contour  line  because  of  the  natural  variation  in  precipitation  and  run-off  with 
elevation. 


^Monthly  Weather  Review  44  (June,  1916),  pp.  860-861. 
'Monthly  Weather  Review  44  (April,  1016),  pp.  216-17. 
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Where  available,  protected  meadows  or  flats  were  cho6«:i  for  courses,  as 
being  fairly  representative  of  the  average  snow  cover  on  their  surrounding 
slopes.  These  courses  were  supplemented*  when  necessary,  by  others  on  lee 
and  windward  slopes  and  in  open  and  forested  areas  in  nearly  equal  propor- 
tion. Approximately  25  courses  were  used  and  two  weeks  were  spent  in 
making  the  survey.  The  area  of  eadi  of  the  divisions  of  the  basin  was  deter- 
mined by  Prof.  Horace  P.  Boardman,  professor  of  civil  engineering  at  the 
university,  by  means  of  map  and  planimeter. 

The  two  trials  in  making  estimates  of  the  level  of  Lake  Tahoe  are  shown 
in  the  following  forecasts  for  1915  and  1916: 

Table  4S,— Estimate  of  the  rise  of  Lake  Tahoe,  1915,  based  on  the  land  area 
and  the  water  content  of  the  snow  cover,  Apr,  1, 


Aiea. 

Water  content. 

West 
side. 

Bast 
Bide. 

West 
side. 

East 
side. 

Water  oontont  o(  the  snow  cover  : 

Below  7,000  feet,  area  127.0  square  miles 

79.8 
87.0 

48.1 
80.1 

Iwika. 
16.3 
33.8 

JncftM. 
4.8 

Above  T'ybbb  feet',  area  170.1  square  miles 

18w7 

Average 

19.2 

Rise  of  lake: 

Total  land  area 304.0  square  i 

Avenge  water  content  of  snow 18.3  inches. 

Area  01  lake  surface 192. 7  square  mfles. 

The  water  suspended  in  the  form  of  snow  over  the  land  area  of  the  basin, 
if  transferred  without  loss  to  the  lake,  would  raise  the  latter  in  the  following 
proportion : 

192.7 :  804 : :  19.2  inches :  Rise  of  lake. 
Rise  of  lake  80.29  lnches=2.52  feet=810,786.56  acre-feet 
Lake  level,  April  1,  6,227.70  feet  above  sea  leveL 
Estimated  maximum  level,  if  gates  are  kept  closed,  6^30.22  feet 
This  estimate  is  made  without  reference  to  losses  due  to  evaporation  from  the 
snow  fields,  to  absorption  in  transit  and  to  evaporation  from  the  surface  of 
the  lake,  while  the  latter  is  rising.    The  estimate  for  March  1,  1916,  was  made 
in  the  same  way. 

The  divergence  between  the  methods  of  areas  and  seasonal  percentage,  un- 
corrected for  losses  by  evaporation  and  absorption,  is  shown  in  the  following 
table: 


Table  44. — Divergence  between  methods  of  areas  and  seasonal  percentage 
uncorrected  for  losses  by  evaporation  and  absorption,  Tahoe  Basin, 


Estimated  rise  of  l^e. 

Year. 

Method  by  anas. 

Method  by  seasonal 
percentage. 

Divergence. 

Feet. 

Percent 

of 
normal. 

Feet. 

Percent 

of 
normal. 

Feet. 

Percent 

of 
normal. 

inSfAnr.  1^     

2.52 
4.56 

150.9 
273.1 

1.40 
2.42 

87.4 
144.9 

+  1.06 
+  2.14 

+  63.5 

mO(Kar.  1) 

+128.2 
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The  above  divergence  is  based  only  on  the  estimated  and  not  on  the  actual 
rise  of  the  lake,  for  in  1916  the  actual  rise  was  abnormally  reduced  by  the 
prolonged  freezing  of  the  snow  fields.  However,  in  any  case  the  dlv»*genoe 
between  the  two  methods  would  have  remained  the  same. 

These  recorded  divergences  of  68.5  and  128.2  per  cent  are  greater  than  those 
found  in  Cottonwood  Creek,  Idaho  (86.2-46.5  per  cent)  and  the  corrected 
estimates  in  Cottonwood  Canyon,  Utah  (18.3-^.9  per  cent).  However,  this 
excess  is  not  due  mainly  to  the  size  of  the  Tahoe  Basin  but  rather  to  tbe 
evaporation  from  the  surface  of  the  lake,  for  the  actual  divergence  between 
the  two  methods  reduced  to  seasonal  percentage  is  only  7.1  per  cent. 

If  the  crude  estimates  of  evaporation  and  absorption  by  the  soil,  so  £ar 
procured  in  the  Tahoe  Basin,  are  applied  to  the  problem,  the  apparently  wide 
divergences  are  reduced  to  +3.0  and  -—  7.1  per  cent,  respectively. 

FACTORS  OF  CORRECTION  FOR  EVAPORATION  AND  ABSORPTION. 

Evaporation  of  snow, — ^The  factors  of  evaporation  of  the  snow  seem  to  vary 
somewhat  with  elevation  and  consequent  greater  exposure  to  wind.  The 
following  provisional  estimate  is  based  on  partial  data :  6,000  feet,  March-April, 
1.5  inches  water  content,  monthly ;  8,000-9,000  feet,  MarchmJune,  2  inches  water 
content,  monthly. 

Evaporation  from  Lake  Tahoe, — ^The  following  table  of  evaporation  from 
Lake  Tahoe  is  based  on  measurements  procured  during  1901-1907  by  the  United 
States  Geological  Survey  and  the  United  States  Reclamation  Service  by  means 
of  a  floating  pan  set  deep  in  the  water.* 

Inches.  i  Indies. 

December 1.80     April , 1.85 

January 1.11     May ^ 2.44 

February 0.86     June 3.82 

March  1.24     July 4.42 

Absorption  of  water  by  the  soU  during  runoff. — ^A  factor  of  absorption  of 
0.71  foot,  or  25.8  per  cent,  of  the  normal  snow  cover  has  been  obtained  in  the 
following  manner: 

The  actual  mean  rise  of  the  lake  to  April  1  is  1.48  feet,  the  mean  rise  aftar 
April  1  is  1.67  feet.    Since  the  rise  to  April  1  is  due  almost  entirely  to  precipi- 
tation on  the  surface  of  the  lake,  it  Is  safe  to  presume  a  precipitation  fully  as 
great  on  the  land  area  that  drains  into  it.     If  no  losses  occurred  through 
evaporation,  the  absorption  would  be  determined  thus : 
304 :  192.7 : :  Run-off :  1.48  feet. 
Run-off  (uncorrected  for  absorption),  2.33  feet 
Normal  actual  run-off,  1.67  feet 
Absorption,  0.66  foot,  or  28.3  per  cent 
However,  since  the  water  of  the  lake  is  evaporated  more  rapidly  than  the 
snow  on  the  watershed,  a  correction  should  be  applied  to  the  lake  level  to 
restore  the  balance.    For  this  an  approximate  factor  of  3.5  Inches,  or  0.29  foot, 
Is  proposed  for  the  period  preceding  April  1,  and  the  same  or  a  slightly  larger 
factor  for  the  period  following  It. 

The  actual  mean  rise  of  the  lake  to  April  1,  as  thus  corrected  for  difference 
in  evaporation,  would  be  1.77  feet,  and  the  rise  or  run-off  after  April  1,  1.96 
feet    The  absorption  would  then  appear  thus : 

Peet 
Run-off    (corrected  for  difference  In  evaporation  but  uncorrected  for 

absorption) 2. 79 

Normal  actual  run-off  (corrected  for  evaporation) 1.96 

Absorption 0.83 

Per  cent 
Percentage  of  run-off  lost  through  absorption 29.7 

1  Engineering  News,  Feb.  29,  1912,  p.  881. 
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This  estimate  corresponds  very  satisfactorily  with  the  losses  at  Cottonwood 
Creek,  Idaho,  if  the  latter  are  roughly  corrected  for  the  evaporation  of  snow. 
Thus  the  losses  there  by  absorption  are  26,  S9,  and  36  per  cent  for  1912-1915, 
respectively,  or  an  average  of  34  per  cent 

The  corrected  estimate  of  the  rise  of  Lake  Tahoe  is  therefore  representd  as 
follows : 

Table  45. — Corrected  estimate  of  rUe  of  Lake  Taltoe,  based  on  method  hy 

areas,  1915  and  1916. 


Year. 

Average 

water 

content 

of  snow. 

Evapora- 
tion of 
snow 

(inches  of 
water). 

Esti- 
mated 
rise  of 
lake  in- 
cluding 
lossesl^ 
evapora- 
tion from 
lake  and 
absorp- 
tion. 

AlMorp- 

tion 
durlnc 
nm4>ff. 

Evapoi^ 

ation 

from 

Lake 

Tahoe. 

Esti- 
mated 
net  rise 
of  lake. 

Actual 

rise  of 

Lake 

Tahoe 

exclusive 

ofspring 

rains  on 

surface. 

Estimate, 
by  sea. 
somd 
percent- 
er^' 
ofspring 
rains  on 
surface. 

Divergence  of 
method  by 
areas  from 
actual  rise. 

WW 

1910 

Inekei, 
18.30 
89L34 

4.18 
4.60 

Inehe$, 
2L34 
42.08 

Inekei. 

Inekei, 
7.61 
ILOO 

Feet, 
L35 
2.22 

Feet. 
1.81 

FeeL 
L20 
2.80 

Feet, 

+0.04 

«-0.17 

P,et. 

-1-8,0 

•-LI 

1  No  estimate  was  made  of  absorption,  for  ground  was  apparently  wet. 

•  Divergence  trom  estimated  rise  based  on  seaBonsl  percentage;  actual  rise  was  abnormally  defldent 
because  of  prolonged  fretting  of  snow  fields. 

The  above  divergences  are  very  satisfactory,  providing  the  preliminary  esti- 
mates of  evaporation  and  absorption  are  substantiated  by  farther  investigation. 
Yet,  even  so,  when  compared  with  the  method  of  seasonal  percentage,  the 
method  of  areas  is  obviously  too  elaborate,  for  it  requires  twice  the  number  of 
courses  and  twice  the  time  used  in  the  other  method,  even  though  the  study 
of  evaporation  and  absorption  is  necessary  to  refinement  with  either  method. 

However,  the  method  of  areas  is  often  of  first  importance  where  original  data 
on  run-off  must  be  procured  from  the  snow  fields  themselves,  but  even  in  such 
cases  the  method  should  be  remodeled  as  sodh  as  practicable  on  the  basis  of 
seasonal  percentage. 

SEDUCINO  THB  NX71CBEB  OF  DBNSITT  MBASUBEHSNTS. 


The  lowest  limit  to  which  the  number  of  density  measurements  can  be  reduced 
depends  upon  the  accuracy  required  in  a  survey.  Where  a  divergence  of  2  per 
cent  means  a  difference  in  storage  of  4,000  acre-feet,  it  is  evident  that  a  high 
degree  of  accuracy  is  essential,  particularly  when  evaporation  and  late  precipi- 
tation may  still  further  affect  the  result 

In  the  Sierra  Nevada,  it  seems  possible,  on  the  basis  of  the  measurements 
made  in  1916  (see  following  table),  to  reduce  the  density  measurements  in  any 
individual  course  tenfold  without  incurring  an  error  greater  than  2.7  per  cent, 
and  where  four  separate  stations  are  maintained  the  average  error  of  all  will 
be  only  1.4  per  cent 

However,  it  would  not  be  possible  to  make  the  density  measurements  in  one 
course  suffice  for  all  others  in  the  same  basin,  for  variations  of  6.9  per  cent 
might  thereby  result  And,  if  density  measurements  were  discarded  altogether 
for  measurements  of  depth  only,  the  error  in  some  seasons  for  even  an  entire 
basin  might  be  as  great  as  17.2  per  cent     (See  Table  25.) 

Individual  measurements  in  Cottonwood  Creek,  Idaho,  and  Cottonwood  Canyon, 
Utahf  have  not  been  published,  but,  on  the  basis  of  the  groups  of  measurements 
available,  the  snow  density  between  the  various  parts  of  the  latter  wat^shed 
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in  1916  varied  between  the  extremes  of  S7.42  and  48.48  per  cent.  In  City  Ore^ 
Canyon,  however,  the  density  of  the  snow  during  the  three  years,  1913-1916« 
varied  only  between  the  extremes  of  80  and  36  per  cent. 

The  redaction  of  the  number  of  density  measurements  to  1  in  every  10  and 
the  retention  of  the  other  9  as  depth  measurements  only  will  save  one-faurtii 
tlie  time  now  spent  on  each  coarse  and  make  possible  an  equivalent  increase  In 
its  length  if  such  increase  proves  to  l>e  desirable. 

Table  46. — Divergence  in  relative  density  accompantfing  reduction  in  nwnrber 
of  measurements  of  density  (1916). 


Watersheds  and  oourses. 

Entire 
oonrse 
(number 
of  meas- 
ure- 
ments). 

Relative 
density. 

Measure- 
ments se- 
lected at 
random 
(number 
of  meas- 
ure- 
ments). 

Relative 
densdty. 

Every 
tenth 
measure- 
ment 
(number 
of  meas- 
ure- 
ments). 

Relative 
density. 

Diver- 

seoiee 

between 

entire 

00UI36 

'andevwy 
tenOi 

measure- 
ment 

(d«nsl^). 

104aOtol0^fMtlCay6... 
Walker  River.  Nevada: 

7.280feet  Adt.  6 

06 

19 
40 

80 
/          30 

17 

96 

9 

67 

r          84 

107 

18 

60 
67 

87.7 

4&8 
48.0 

41.6 
40.3 
41.6 

42.1 

40.6 

48.2 
46.0 
48.8 
46.2 
48.2 

48.7 
41.7 

9 

6 
7 

6 
4 
4 

88.8 

47.0 
48.6 

4L8 
80.8 
42.9 

7 

2 
4 

4 
2 
2 

2 

8 

1 
6 
8 

39.3 

46.6 
4X6 

41.3 
30.0 
43.8 

4L7 

42.6 

47.6 
46.9 
46.6 
43.6 
46.1 

46.0 
40.6 

1.6 

1.7 

8,800  to  9,060  feet  Apr.  8 

Carson  River: 

7,600  feet  liar.  17 

1.1 

as 

SOOOfeet  Mar.  94 

LS 

^a^to««k,7,dbofeet  liar. 

L7 
0.4 

Rubicon  Peak,  8,100  feet 
Apr.  7  

10 

Mount  Tallao- 

8,000  feet 

8,000to9,760feetApr.6. 

a7 

ao 

2.7 

Mount  Rose  (windswept 
9,000  to  10,800feet  liar.xr. 

11 
2 

6 
6 

2.7 

2.1 

TahoeCity,0,325ft.liar.26- 
Open 

213 

Forest 

1.1 

or  SNOW  SUBVKTB. 

The  exi)ense  of  making  a  snow  survey  depends  on  the  accessibility  of  the 
basin  and  the  number  of  courses  required. 

In  the  Tahoe  Basin,  which  has  a  total  area  of  approximately  500  square 
miles  and  water  communication,  under  the  present  system  of  seasonal  per- 
centage, the  seasonal  survey  can  be  made  by  two  men  in  10  days  at  a  maximum 
cost  of  $150.  This  cost  will  include  also  the  expense  of  measuring  rainfidl 
during  the  spring  and  early  summer.  If  the  estimate  based  on  this  survey 
is  applied  to  an  adjoining  basin  also,  the  relative  expense  is  therdt>y  further 
decreased. 

If  the  courses  at  Tahoe  City  are  substituted  for  the  standard  high  level 
courses  now  used,  the  survey  can  be  made  for  $26,  including  the  measurement 
of  rainfall  as  before. 

The  surveys  in  other  watersheds  in  Nevada  will  probably  cost  little  more 
than  in  the  Tahoe  Basin.  However,  in  the  larger  river  basins  of  Galifomla, 
the  expense  will  probably  be  double  this  amount 

A  snow  sampler  should  preferably  be  supplied  for  each  basin,  unless  the  thne 
required  for  the  surveys  in  the  individual  basins  is  comparatively  short 


ASTRONOMY^  METEOBOLOGY^  AND  SEISMOLOGY. 


545 


Where  watersheds  are  more  or  less  inaccessible,  camps  should  be  established 
and  supplied  with  beds  and  provisions  during  the  previous  suoomer.  But  care 
should  be  taken  to  select  camp  sites  where  the  snow  lies  shallow.  Otherwise, 
the  camp  may  be  buried  too  deeply  in  snow  to  be  either  comfortable  or 
convenient. 

FBE8ENT  FBOBLBMS. 

Three  major  problems  still  remain  to  be  solved  before  snow  surveying  can 
attain  its  highest  efficiency. 

1.  More  accurate  measurements  must  be  made  of  the  evaporation  from  snow 
fields  and  lake  surfaces,  and  a  careful  investigation  of  eccentricities  in  run-off 
due  to  temperature  and  other  weather  conditions. 

2.  An  intensive  study  should  be  made  of  the  long  streams  of  California  and 
others  similarly  situated,  in  which  the  belt  of  maximum  precipitation  lies  far 
below  the  crest  of  the  mountains.  Not  only  should  gauging  stations  be  placed 
at  the  spring  snow  line  to  segregate,  if  possible,  the  measurement  of  the  flood 
v^aters  from  the  summer  flow,  but  stations  for  snow  surveying  and  the  measure- 
ment of  rain  should  be  established  nearer  the  line  of  maximum  precipitation 
to  supplement  the  measurements  along  the  crest 

8.  Finally,  further  surveys  should  be  inaugurated  in  the  basins  along  the 
axes  of  the  mountain  ranges  to  ascertain  the  exact  extent  to  which  the  oscilla- 
tion in  seasonal  precipitation  in  one  basin  can  be  applied  to  others,  and  thus 
determine  the  minimum  number  of  surveys  that  can  be  made  to  serve  an 
entire  mountain  system. 

APPENDIX. 

Table  I. — Increase  in  denHty  with  elevation,  depth,  and  season,  1909-15. 


Openooantry. 

Ex- 

Elevation and  depth. 

• 

Unlfonn 
depth. 

Comioee. 

Thin 
forest. 

SK 

tremes  in 
density. 

DBCIMBXS-JANUABT. 

6,000  to  7,000  feet: 

10to40inobe8 

20.8I 

21.61 

22L61 

50  to  80  InotieB 

-20. 8-20. 7 

00  to  120  inotMB , 

2B.7I 

2&61 

y,000  to  0,000  feet: 

0,000  to  10.800  feet: 

lOtolOincbes 

21.2 « 
24.04 
28.0« 

82.8I 
26.6« 

fiO  to  80  inclMS 

26.61 
3a44 
34.1« 
33.7 

86.74 
36.84 
86.44 

00  to  lao  inehes 

21.2-34.1 

190  to  160  ioohes 

170  to  aOO  inolies 

rSBBUABT-MABCH. 

6,000  to  7,000  feet: 

10  to  40  inetieB 

88.8« 
86.14 

84.24 
34.64 
34.84 
36.1» 

84.6  s 
33.3  4 

60to80iDOtM8 

00  to  120  inolies 

83.8-86.7 

130  to  160  inches 

7,000  to  0,000  feet: 

10  to  40  inc hflff 

36.3> 
38.34 
80.84 
80.64 
41.61 

60  to  80  inches 

42.6> 
41.4* 
41.6  4 

00  to  120  inchflff t 

130  to  160  inehes 

33.3-42.6 

170  to  200  inches 

210  to  240  inches 

47.21 

32.04 
36.84 
38.04 
44.04 
42.64 
44.71 

0,000  to  10.800  feet: 

10  to  40  inches 

2B.0  4 
37.6  4 
38.74 
42.81 

32.01 
34.44 
37.7  4 
42.04 
44.04 
4a6i 

60  to  80  inches 

00  to  120  inches 

130  to  160  inehes 

29.0-44.7 

170to200inclM"        

210  to  240  inches 

546       PBOCEEDHrGS  SEGOHD  pah  AMEBICAH  SCIBNTIFIG  COKGBXS8. 


Table  JL— Increase  if»  demtUy  with  elevation,  etc, — Continiied. 


EleratlaD  and  dapth. 


OpflDoouiUiy. 


Uolfunii 
dapth. 


Comloet. 


Fomtod  ooiinif  J. 


Tliin 
forwt. 


forest. 


Sx- 


5,000  to  7,000  feet: 

lOto4OiDch08... 

50  to  80  Inches... 

00 to  lao inches.. 
,000  to  0,000  feet: 

10to40faiche8... 

50  to  80  inches... 

00  to  120  inches.. 

130  to  160  inches. 

170  to  aoo  inches. 
0,000  to  103»  feet: 

10  to  40  inches... 

50to  80  inches... 

00  to  130  inches.. 

130  to  160  inches. 

170  to  300  inches. 

210toa40faiches. 


4L4« 


80.6  « 
4X7* 


42.5« 
44.04 
40.4  « 


47.1 « 
46.7« 
44.1> 


35.2« 
45.4« 
47.4  4 
40. 4  « 
40.0* 


80.24 
46.7  4 
40.3  « 
40.0  « 

4&.T 


43.54 
41.6  4 
44.84 
46.04 

47. 2  » 

4L04 
45.54 
48.34 
48.44 
50.3* 
50.5> 


40.64 
46.14 
42.0* 

42.04 
41.44 
41.2  4 


h 


6-^0.7 


41. 


3s.a-sai6 


5,000  to  7,000  feet: 

10  to  40  inches... 

50  to  80  inches... 

00  to  120  inches.. 

130tol60faiches. 
7,000  to  0,000  feet: 

lOto  40  inches... 

50  to  80  inches... 

00  to  120  inches.. 

130  to  160  inches. 

170  to  300  inches. 

210  to  240  inches. 
0,000  to  10,800  feet: 

10  to  40  inches... 

50  to  80  inches..  . 

00  to  120  inches.. 

130  to  160  inches. 

170  to  200  inches. 


50.8» 


4&01 


40.3* 
52.84 
53.2> 
55l8s 


50.24 
55.34 
56.14 
58.51 


4&31 

50.3* 

51.5  « 
5a8* 
52.0* 
50.0* 
52.31 

40.6  4 
52.34 
57.0  4 
56.3  • 
58.31 


h 


48.14 
50.04 
4S.6i 
56. 5  » 


51.34 
52.84 
56.24 
58.41 


0-SO.S 


4&1-C6.5 


40.6-68L4 


NoTX.—The  expoaisnt  accompanying  each  density  repraaents  number  of  decades,  or  groups  of  ten.  upon 
which  the  computation  was  based.    Thus  the  azponeat  •  indirataa  that  ona  decade  out  of  rour  is  misritng. 

Table  II. — Table  of  snow  densities  for  estimating  the  water  content  of  snow 

without  a  snow  sampler. 

[Arranged 
theai 

in  percentage.    The  ezpon 
water  content  are  basedt] 

FEBRUARY  AND  MARCH— 6.000  TO  7,000  FEET. 


Openoountry. 

Forested  country. 

Depth. 

Uniform  depth. 

Cornices. 

Thin  forest. 

Dense  forest. 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

Depth. 

Water 
coo- 
tent. 

Den- 
sity. 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

2 

3.7* 
ia6" 

3ao« 

20. 7»" 
30.6i» 

sao- 

60.814» 
68.7" 
78.8" 
88. 4» 
101.1« 
107.  Ot 
115. 0> 

L47 
4.12 
7.28 
ia45 
14.34 
10.82 
33.01 
26.30 
37.20 
30.74 
30.05 
80.05 
30.65 

4a3 
38.0 
86.4 
35.2 
36.3 
88.6 
87.8 
38.3 
84.6 
83.6 
3&6 
87.0 
34.5 

8.  or 
ia7i4« 
2L9» 
20.34» 
80. 3M 
50.0" 
50. 0» 

7aoi« 

78. 0» 
80.3»i 
0a4n 
100.6" 
117.41* 

1.08 
8.66 
7.37 

ia3 

13.0a 
2a  OS 
3L10 
28.17 
27.40 
8a  68 
84.04 
3&70 
4L27 

36.0 

10 

10. 7W 
10.8»»" 
3a  6M 
30.414' 
48.5" 
50. 2M 
60.71* 
8a  2W 
86.4" 
06.01 

4.11 
7.56 
a84 
14.68 
10.01 
21.41 
27.10 
28.7 
30.51 
35.60 

3&4 
38.2 
32.2 
37.3 
30.2 
36.2 
38.0 
35.8 
86.3 
37.5 

34.3 

30 

34.6 

30 

318 

40 

3&4 

50 

400 

60 

35.4 

70 

87.4 

80 

34.8 

00 

34.4 

100 

34.6 

110 

3&3 

lao 

35.3 

uo 

140 

150 
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Table  II. — Table  of  snow  denHtieM  for  estimating  the  water  content  of  snoio 
without  a  snow  sampler— CJontlnued. 

APRIL  AKD  MAY— 7,000  TO  9,000  FBBT. 


Open  ooontry. 

Forested  country. 

1>epth. 

Uniform  depth. 

Cornices. 

Thhi  forest. 

Dense  forest. 

Depth. 

Water 
coo- 
tent. 

Den- 
sity. 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

2 

4.01 
ia6i» 
19. 6» 
3a  5M 

39.4»<. 
50.  »> 
59. 9« 
7a  6» 
79.6«» 
9a  IM 
99. 5« 
100. 3» 
118. 8* 
128.01 
138.01 

1.20 
3.92 
7.96 
12.38 
18.10 
22.20 
28.78 
34.06 
39.27 
43.13 
49.20 
66.87 
67.92 
66.30 
66.30 

30.0 
37.6 
40.8 
4a6 
45.9 
44.2 
48.0 
48.2 
40.4 
47.9 
49.6 
6L1 
48.8 
61.0 
48.0 

10 

9.9M|     4.  £2 

45.7 
41.0 
39.1 
41.2 
41.2 
41.7 
42.8 
43.6 
43.8 
45.2 
47.8 
46.2 
45.3 
46.2 
44.2 
44.3 
44.6 
46.0 

5ao 

9.61 
20. 9i 
32.01 
40. 6> 

3.92 
8.97 
12.80 

17.76 

41.8 

20 

20. 3» 
33.01 

9.47 
15.68 

46.7 
47.6 

19.6*1 
29.8" 
40.  »• 
50. 1»" 
58.5i» 
80.511* 
79.710* 
89.9* 
99. 4« 
100.4>« 
119. 7« 
132.8" 
141.1" 
140. 6M 
150. 3» 
168. 6i« 
178. 6« 
189.5* 

8.00 
11.66 
16.58 
20.64 
24.37 
29.38 
34.76 
39.36 
44.80 
62.34 
66.35 
60.16 
66.17 
66.06 
70.58 
76.11 
82.20 
94.70 

42.9 

30 

40.0 

40 

43.7 

60 

50.6"    20.12 
50.9"     26.83 
66.6»    7fL?a% 

39.8 

60 

60.01 

26.48 

43.2 

42.3 

70 

41.8 

80 

81. 8« 

40.p2 

60.2 

80.  IM 
89.2M 
98. 4» 
100.3" 
117.6* 
134.01 
130.87 
148. 7« 
159. 1« 
17a  1« 
182. 2> 
187. 6> 
208.01 

32.97 
87.69 
40.15 
46.00 
47.44 
60.50 
60.35 
64.45 
74.56 
74.79 
80.43 
83.36 
89.70 

41.2 

90 

42.3 

100 

40.8 

110 

41.3 

120 

116.01 
131.01 

50.80 
53.00 

44.2 
40.5 

40.8 

130 

44.4 

140 

42.6 

150 

43.8 

160 

' 

4a9 

170 



, 

44.0 

180 

184.01 

97.00 

62.7 



44.1 

190 

44.4 

200 

44.2 

210 

1 

220 

t 

230 

1 

1 

240 

1 

1 

1 

236.01 

107.70 

45.6 

250 

1 

1 

1 

APRIL  AND  MAY— 9,000  TO  10,800  FEET. 


Open  country. 

Forested  country. 

Depth. 

Uniform  depth. 

Cornices. 

Thin  forest. 

Dense  forest. 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

Depth. 

Water 
con- 
tent. 

Den- 
sity. 

2 

2.1" 
ia2M 
20. 0« 
29. 7« 
3a  9« 
50. 5« 
50. 0« 
7a  1« 

.64 
3.42 
a  67 
a  73 
17.08 
21.70 
26.45 
32.00 
37.48 
41.74 
4a  45 
63.11 
58.65 
66.22 
60.17 
74.63 
77.89 
81.29 
89.02 
97.35 

3a7 
33.6 
33.4 
32.8 
42.8 
429 
44.2 
45.8 
46.8 
46.6 
4a  4 
48.3 
4a  2 
51.0 
5a3 
4a  8 
48.6 
48.6 
4a  6 
51.9 

10 

ia4« 

18.  on 

29. 3» 

3a7i« 

50.7" 

50.01* 

69.9i» 

80.3" 

9a2i« 

100. 4» 

108.4" 

118.7" 

132.20 

13a  1> 

14a  6' 

162.01 

173.01 

18a  8« 

191.3* 

200. 4< 

207.7* 

22a  51 

226.01 

3.87 
7.06 
ia42 
17.71 
22.14 
28.64 
32.61 
3&42 
44.14 
50.69 
53.66 
57.72 
65.69 
68.20 
72.25 
81.80 
89.18 
93.00 
98.62 
95.87 
97.53 
109.90 
106.00 

37.2 
39.2 
35.0 
44.6 
43.7 
48.6 
4a  7 
47.9 
4&9 
5a5 
4a  5 
48.6 
4a  7 

g§ 

50.5 
51.5 
51.4 
51.6 
47.8 
47.0 
49.8 
47.1 

laoi 

21.49 
31. 0» 
39.8i« 
4a  8» 
60. 8» 
69.71' 
8a  8» 
89.4" 

loai" 

109.8" 
120.8" 
128. 9« 
13a  2i» 
151. 5< 
161. 5» 
167.3" 
175.7* 
186.01 

4.2i 
8.01 
13.98 
17.11 
22.35 
28.28 
31.09 
36.26 
41.99 
46.31 

42.1 
37.6 
46.1 
43.0 
44.9 
46.6 
45.5 
44.9 
47.0 

4A  a 

ao 

30 

1 

40 

1 

60 

60 

TO 

80 

8a  iM 

90 '  «B.S» 

100 

ioa2» 

110 

109.9" 

iia  i» 

129.9" 
137. 4" 

14a  8» 

160. 6« 
167. 4« 
179.3* 
187. 6« 

53.  70  1    4K.fl 

120 

61.39 
63  19 
67.86 
72.37 
78.69 
82.10 
90.25 
93.20 

50.8 

130 

48.7 
48.8 
47.8 
48.7 

4a  1 

61.4 
50.1 

140 

160 

160 

170 

180 

100 

200 

210 

2iai» 

99.91 

47.6 

290 

230 

232.51 

124.10 

53.4 

240 

260 

i     ' 

1 
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The  Chairman.  Prof.  Church  has  prepared  a  splendid  paper  for 
us,  and  I  regret  very  much  that  the  time  is  so  short  that  we  have 
not  been  able  to  hear  quite  all  of  it.  It  is  a  subject  that  is  exceed- 
ingly important  in  the  West,  and  one  in  which  the  Weather  Bureau 
is  very  much  interested.  Prof.  Church  has  been  doing  some  ad- 
mirable pioneer  work  in  the  field.  A  few  minutes  for  brief  dis- 
cussion remain. 

Mr.  Thiessen.  Mr.  Chairman,  I  am  sure  we  all  have  been  exceed- 
ingly interested  in  Prof.  Church's  paper.  I  do  not  wish  to  criticrEe 
it  in  any  respect,  but  I  just  want  to  say  a  word  about  Salt  Lake  City. 
We  have  carried  on  snow  surveys  there  for  five  years,  and  I  want  to 
say  something  about  the  ideals  we  have  had  in  mind  in  regard  to  the 
ultimate  use  to  which  these  surveys  will  be  put,  which  will  be  for 
agricultural  rather  than  for  power  purposes. 

The  agriculturists  around  Salt  Lake  City  agree  with  me  that 
snow  surveys,  if  found  to  be  accurate  enough,  may  ultimately  be 
used  to  help  the  farmers  plan  their  cropping  system  in  Utah.  We 
find  from  year  to  year  that  there  are  great  variations  in  the  amount 
of  snowfall,  and  in  years  of  great  snowfall  the  information  can  be 
had  early  enough  so  that  the  farmers  may  plant  such  crops  as  re- 
quire a  great  amount  of  water  or  bring  more  land  under  their  canala 
Generally  there  is  a  large  area  of  land  which  can  be  put  und^-  a 
canal  and  under  cultivation,  so  that  the  excess  water  can  be  used  to 
bring  greater  areas  under  cultivation.  If  the  snow  in  the  mountains 
is  found  to  be  a  great  deal  less  than  normal,  less  crops  should  be 
planted  or  crops  that  will  require  less  water. 

Of  course  these  snow  surveys  have  a  direct  influence  upon  power 
plants,  and  hydraulic  engineers  are  greatly  interested  in  them,  but 
the  greatest  amount  of  good  will  probably  be  done  to  the  agricul- 
turists. 

Mr.  Wells.  I  simply  want  to  say  in  connection  with  this  work 
that  I  regard  it  as  one  of  the  most  important  meteorological  problems 
of  the  arid  West  We  who  live  in  States  where  there  is  a  large 
amount  of  land  under  irrigation,  and  where  the  capacity  of  the 
streams  to  supply  water  for  these  irrigation  projects  is  taxed  to  its 
utmost,  realize  the  importance  of  this  work.  Mr.  Church  has  spoken 
about  the  value  of  this  work  in  planning  cropping  systems.  We 
have  realized  that  value.  Another  phase  of  it  was  brought  to  my 
attention  in  the  last  year.  As  many  of  you  know,  perhaps,  we  are 
just  completing  the  highest  irrigation  dam  in  the  world  for  the 
storage  of  water  for  irrigation,  and  I  suppose  when  that  dam  is  com- 
pleted the  demand  for  information  of  this  character  will  be  much 
lessened,  but  I  find  that  those  who  are  in  charge  of  the  dam  are  quite 
as  anxious,  in  fact  more  anxious,  to  get  the  data  as  to  the  amount  of 
snow  in  the  mountains  and  its  water  content,  in  order  that  they  may 
plan  for  handling  the  water  in  this  great  dam.    They  wish  to  make 
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the  period  of  storage  just  as  short  as  possible  because  of  the  difficul- 
ties of  handlmg  so  large  a  volume  of  water  under  such  a  terrific 
head.  We  find  them  fairly  clamoring  for  the  information.  So  far 
we  are  able  to  give  them  just  a  little  bit  of  it. 

The  Chairman.  The  next  paper  is  entitled  "  Introduction  to  the 
study  of  solar  relations  of  meteorology,''  by  Senores  Don  Germ&n 
Barbato  and  Don  Pedro  Esquerr^.  The  second  paper  is  on  "The 
callender  sunshine  recorder,"  by  Prof.  A.  E.  Douglass,  of  the  Univer- 
sity of  Arizona.  Owing  to  the  absence  of  the  authors  of  these  two 
papers  they  will  be  considered  as  having  been  read  by  title,  and  we 
will  ask  your  attention  to  the  paper  by  Prof.  H.  H.  Kimball,  of  the 
United  States  Weather  Bureau,  Washington,  D.  C,  on  "Measure- 
ments of  the  intensity  of  solar  and  sky  radiation." 


MEASUREMENTS  OF  SOLAR  AND  SKY  RADIATION. 

BY  HBRBBRT  H.  KIMBALL, 
ProfeMMor  of  Meteorology^  United  BtateM  Weather  Bureau^  WoMhington,  D.  O. 

ZNTRODUCnON. 

Measurements  of  the  quantity  of  heat  received  from  the  snn,  principally  in 
the  form  of  direct  solar  radiation,  but  partly  as  diffuse  radiation  from  the  sky. 
are  of  fundamental  importance  to  meteorologists,  since  upon  the  amount  of  this 
radiation  are  dependent  aU  atmospheric  motions  and,  in  oonsequ^ioe,  all 
weather  changes,  as  weU  as  the  purely  solar  climatic  variations. 

Likewise^  these  measurements  wiU  be  found  of  fundamental  importance  to 
biologists,  since  f^w  organisms  can  function  properly  if  long  deprived  of  the 
stimulus  derived  from  solar  energy  in  the  form  of  li^^t  and  heat 

SADIATION    MBASUBBMSNTS. 

Solar  radiation  intensities  have  not  yet  been  generally  introduced  into 
meteorological  or  biological  formulse  for  the  reason  that  these  intensities  are 
BtiU  imi)erfectly  known.  Their  exact  measurement  is  attended  with  some 
difficulty,  principally  on  account  of  the  character  of  the  apparatus  required. 

Pyrheliometers, — ^The  apparatus  usuaUy  employed  for  measuring  solar  radia- 
tion intensities,  and  called  pyrheliometers,  may  be  divided  into  static  and 
dynamic  instmments.  The  AngstrOm' compensation  pyrheliometer,  which  was 
once  recommended  as  a  standard  instrument  by  the  International  Union  for 
Cooperation  in  Solar  Research,  (1)  employs  the  static  method  of  measurement 
The  excess  of  temperature  of  a  thin  blackened  metal  strip,  freely  exposed  to 
radiation,  over  the  temperature  of  a  similar  shaded  strip  is  determined  by 
measuring  the  electric  current  that  it  is  necessary  to  pass  through  the  shaded 
strip  in  order  to  maintain  temperature  equilibrium  between  the  two.  The 
energy  of  the  current  which  is  equivalent  to  the  energy  of  the  solar  radiation 
absorbed  by  the  exposed  strip,  may  be  expressed  either  in  units  of  en^gy 
or  in  units  of  heat  Thus,  the  electrical  energy  of  the  heating  current  in 
watts  =  O  B  =  C*  R  (current  times  potential,  or  current  square  times  resist- 
ance) ;  dividing  this  by  4.181,  the  mechanical  eqtdvalent  of  heat  in  watt- 
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seconds,  we  obtain  the  equivalent  of  the  electrical  energy  of  the   beating 
current  in  gram-calories  per  second. 

A  thermo-couple  in  conjunction  with  a  sensitive  galvanomet^  Is  employed  to 
determine  when  temperature  equilibrium  is  established  between  the  shaded  and 
the  exposed  strips,  and  these  strips  are  mounted  in  a  suitably  diaphragmed  tobe 
tiiat  is  kept  pointed  toward  the  sun  by  hand. 

A  well-known  instrument  employed  in  the  dynamic  method  of  observatioo  Is 
the  Smithsonian  silver-disk  pyrheliometer  (2),  in  which  the  bulb  of  a  mercarial 
thermometer  is  embedded  in  a  silver  block,  the  blackened  surface  of  wtiich  is 
exposed  to  the  sun,  but  protected  from  the  surrounding  sky  by  means  of  a 
properly  diaphragmed  tube.  This  instrument  also  requires  adjustment  by  band 
to  keep  it  pointed  toward  the  sun.  The  measurements  consist  in  detennliiing 
the  rate  at  which  the  silver  block  gains  in  temperature  when  exposed  to  radia- 
tion for  a  short  interval  of  time,  as  one  minute,  and  also  the  rate  at  whicb  it 
cools  when  shaded  for  an  equal  IntervaL 

According  to  the  principle  of  Desalns  (3)  the  sum  of  the  rate  at  whicb  the 
pyrheliometer  increases  in  temperature  when  exposed  to  radiation  plus  the  rate 
at  which  it  cools  wh^i  shaded  is  a  constant  for  any  given  intensity  of  radiation, 
regardless  of  the  excess  in  temperature  of  the  pyrheliometer  over  the  tenn 
perature  of  the  surrounding  medium,  provided  the  temperature  of  the  latter 
does  not  change,  and  the  temperature  of  the  pyrheliometer  averages  the  same 
during  the  period  of  cooling  as  during  the  period  of  heating.  This  constant 
sum  represents  the  rate  at  which  the  pyrheliometer  would  increase  in  tem- 
perature when  exposed  to  radiation  if  no  heat  were  given  up  by  the  Instrument 

Expressing  this  rate  of  increase  in  degrees  centigrade  per  minute  and  multi- 
plying by  the  water  equivalent  of  the  silver  block  and  the  contained  th«rm<nn- 
eter,  we  obtain  the  number  of  calories  of  heat  received  by  the  silver  blo<^ 
each  minute,  disregarding  minor  corrections.  Dividing  this  amount  by  the 
number  of  square  centimeters  in  the  cross  section  of  the  opening  in  the  dia- 
phragmed tube,  we  obtain  the  radiation  intensity  expressed  in  gram  calories 
per  minute  per  square  centimeter  of  area  normal  to  the  direction  of  incidence 
of  the  solar  rays. 

The  Marvin  silver  disk  pyrheliometer  is  similar  in  principle  to  the  Smith- 
sonian instrument,  except  that  an  electrical  resistance  thermometer  in  the 
shape  of  a  coil  of  fine  wire  takes  the  place  of  the  mercurial  thermometer  em- 
bedded in  the  silver  block.  The  readings  consist  in  determining  the  change  in 
resistance  of  the  coil  when  the  silver  block  is  alternately  exposed  to  solar 
radiation  and  shaded  from  it.  They  are  made  in  the  usual  way  by  means  of  a 
Wheatstone  bridge  and  a  sensitive  galvanometer  and  are  expressed  In  ohms  of 
resistance;  but  the  relation  between  resistance  and  temperature  change  has 
been  determined  by  calibration,  so  that  if  we  know  the  water  equivalent  of 
the  silver  block  and  Its  contained  wire  we  may  compute  from  the  readings  the 
amount  of  heat  in  gram-calories  per  minute  that  was  necessary  to  produce  the 
observed  change  In  resistance.  The  pyrheliometer  is  provided  with  an  equato- 
rial mounting  and  is  kept  pointed  toward  the  sun  by  clockwork. 

Marvin  pyrheliometers  are  employed  by  the  Weather  Bureau  in  its  solar 
radiation  measurements,  but  they  have  been  standardized  by  comparison  with 
the  Smithsonian  absolute  pyrheliometer.  In  this  latter  instrument,  which  was 
designed  by  Abbott  (4),  all  the  solar  radiation  received  in  the  hollow-chamber 
type  of  absolutely  black  body  is  employed  in  raising  the  temperature  of  a 
measured  quantity  of  water. 

Recording  pyrheliometers, — ^Measurements  of  the  intensity  of  direct  solar 
radiation  by  any  of  the  above  instruments  are.  In  general,  possible  only  when 
the  sky  about  the  sun  is  clear.    The  passage  of  clouds  across  the  solar  disk 
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introduces  such  rapid  fluctuations  in  the  radiation  Intensity  that  the  measure- 
meatB  are  quite  meaningless.  It  is  desirable,  however,  to  obtain  continuous 
records  of  the  quantity  of  heat  received  from  the  whole  sky,  Including  that 
portion  occupied  by  the  sun.  For  this  purpose  we  may  employ  a  differential 
resistance  thermometer  and  a  self-adjusting  Wheatstone  bridge,  arranged  as  in 
the  Callendar  recording  pyrhellometer  (6).  In  this  Instrument  two  resistance 
thermometers  are  exposed  horizontally  inside  the  same  glass  cover,  one  having 
its  wires  left  bri^^t  and  the  other  having  them  blackoied.  The  blackened 
thermometer  is  in  one  arm  of  a  Wheatstone  bridge,  and  the  bright  thermometer 
is  in  the  opposite  arm.  When  the  sun  shines  the  black^ied  thermometer  ab- 
sorbs heat,  and  its  resistance  increases  much  faster  than  that  of  the  bright 
thermometer,  which  reflects  most  of  the  heat  that  ftills  upon  it  The  bridge 
automatically  Introduces  resistance  to  maintain  the  bridge  balance,  and  at  the 
same  time  makes  a  record  of  the  resistance  thus  Introduced,  which  Oallendar 
found  to  be  proportional  to  the  intensity  of  the  radiation  to  which  the  thermom- 
eters are  exposed.  The  thermal  elements,  therefore,  measure  the  intensity  of 
the  vertical  component  of  the  radiation  falling  upon  them. 

In  this  paper  it  is  proposed  to  summarise  the  results  of  pyrheliometric  read- 
ings made  by  the  Weather  Bureau  at  certain  stations. 

Tablx  1. — MifHtJUy  mean  iolar  radiation  intenHtieM  for  WoMhington,  D.  O^ 
based  on  measurements  made  from  December,  1905,  to  February,  191t,  and 
from  October,  1914,  to  September,  1915. 

[Latitude,  88*  54' :  longitude,  77*  08' ;  altitode  above  tea  level,  118  feet  (86  meteft), 
Oram  calories  per  miniite  per  aqoare  centimeter  of  normal  aorfikce.] 


Sun'iienith  distance. 

ao' 

4&3* 

00.0* 

66.5* 

70.7* 

73.6* 

76.7* 

77.4* 

78.r 

Air  mass. 

1.0 

1.5 

xo 

X5 

3.0 

3.5 

4.0 

4.5 

6.0 

January: 

A  m          

Or.eaL 

Or.oaL 

Or.eaL 
1.31 
1.23 

1.26 
1.25 

•    1.10 
1.18 

1.08 
1.06 

1.11 
1.08 

.97 
1.06 

1.00 
1.01 

.05 
.95 

1.06 
1.06 

1.14 
1.14 

1.21 
1.20 

1.26 

Or.eaL 
LOS 
1.11 

1.16 
1.13 

1.11 
1.05 

1.01 
.06 

.97 
.92 

.89 
.95 

.93 

.84 

.86 

.87 

.08 
.95 

1.05 
1.03 

1.13 
1.06 

1.18 
1.17 

Or.eaL 
1.00 
LOB 

L07 
L08 

L08 
.96 

.96 
.90 

.89 
.86 

.90 
.87 

.88 

Or.eaL 

0.04 

.93 

L02 
.06 

.93 
.02 

.98 

.88 

.80 
.86 

.87 
.78 

.80 

Or.eal. 
a  01 

.87 

.92 
.02 

.88 
.84 

.84 
.72 

Or.eaL 

aoo 

.82 

.85 
.85 

.82 

.77 

.70 

Or.eaL 
a  74 

p.  m       

.75 

Febraary: 

A.  m       

1.42 
1.40 

1.31 
1.32 

1.18 
1.20 

1.19 
1.19 

1.15 
1.11 

1.13 
1.03 

1.08 
1.09 

1.19 
1.18 

1.26 
1.23 

1.44 

.80 

p.m 

.80 

Iforch: 

A.m 

•  77 

P.m 

.60 

April: 

A.m 

1.40 

.74 

p  m             

May: 
A  m 

1.35 

p'm .  .  . 

June: 

A.m       

1.29 

.80 

.60 

P  m 

July: 

A    m 

1.27 

August: 

A    m 

1.24 

.77 
.75 

.86 

.87 

.92 
.90 

LOO 
.07 

LOO 
L07 

.64 

P  m 

1 

September: 

i.ao 

.77 
.76 

.64 
.60 

.58 

.62 

P  m      '                

October: 

A    m 

P.m 

.84 

.96 
.90 

LOO 
.96 

.82 

.06 
.82 

.90 

.90 

.74 

.90 
.70 

.70 
.87 

.67 

Noyembw: 

A.m 

.86 

p.m 

.76 

December: 

A.  m 

.78 

P.m  

.80 

1 
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Table  1  (continued), — Monthly  mean  9olar  radiation  intenHties  for  Mount 
Weather,  Va,,  based  on  measurements  made  from  September,  1901,  to  March, 
1910,  and  from  May,  1911,  to  September,  1914,  inclusive. 

[Latitude,  89*  04' :  longitude,  77*  58' ;  altitude  above  lea  level*  1,740  feet  (680  meters). 
Oram  calories  per  minute  per  square  centimeter  of  normal  surface.] 
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4.0 
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.01 
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Or.caL 
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L17 
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.07 

.03 
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.84 
.76 
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.00 
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.86 
.80 
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.06 
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.06 
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Or.caL 
LOS 
LOO 

.00 
.07 

.06 
.00 

.83 
.76 

.75 
.68 

.83 
.83 

.73 
.60 

.70 
.81 

.06 
.87 

.06 
.84 

LIO 
.03 

LOO 
LOO 

Or.caL 

ao7 

LOO 

.03 

.80 

.88 
.80 

.75 
.60 

.68 
.53 

.75 

.77 

.67 
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a88 

.03 

.84 
.83 

.80 
.76 

.71 
.60 

.61 
.46 

60 

Or.caL 

aoo 

.88 

.78 
.76 

.60 
.68 

.64 
.68 

.54 
.41 

.68 

Gr.caL 

a7t 

p.m 

.80 

February: 

A.m    

L33 

.71 

p.m 

.70 

Mtfoh: 

A.m 

L37 
L33 

L17 
L15 

LOO 
L04 

L14 
LOO 

LOS 
LOO 

LOS 
L04 

La3 
L30 

L26 
L31 

L38 

.06 

p.m  

.61 

April: 

A.  m 4 

L35 

.60 

p.m 

.67 

May: 

A.  m 

L31 

.51 

p.  m 

.36 

June: 

A.  m 

L27 

.61 

P.m 

July: 

A.  m 

L33 

.63 

.57 

.55 

p.m 

August: 

A.m 

L24 

.73 
.76 

.00 
.83 

.01 
.78 

L04 
.85 

LOl 
LOl 

.67 
.67 

.85 
.75 

.87 
.78 

.06 

.78 

.03 
.01 

.63 
.64 

.77 
.60 

.84 
.70 

.03 

.78 

.87 
.85 

.60 

P.m 

.54 

September: 

A.m 

L36 

.74 

P.m 

.08 

October: 

A.m 

.67 

p.m 

.63 

Novemben 

A.m 

.80 

P.m 

.70 

December. 

A.m 

. 

.81 

P.m 
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STABLE  1  ioontinued). — Monthly  mean  solar  radiation  intensities  for  Modi' 
son.  Wis,,  b<ued  on  measurements  made  from  July,  1910,  to  September,  1915. 
inclusive. 

ylLatltude,  48*  06':  longitude,  89*  28';  altitude  above  sea  level,  074  feet  (297  meters). 
Gram  calories  per  minute  per  square  centimeter  of  normal  surface.] 


Sun's  lenith  distance. 

ao* 

48.8* 

6a  0* 

66.6* 

70.7* 

78.6* 

75.7* 

77.4* 

78.r 

Air»««. 

LO 

L5 

3.0 

3.5 

8.0 

8.5 

4.0 
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January: 

A.m 
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Or.eal. 

Or.eal. 
L33 

Or.eal. 
L83 
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L30 
L30 
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L38 
L33 

L30 
L18 

Or.eal. 
L18 
L15 

LIO 
L14 

Or.eal. 
LOO 

Or.eal. 

aoo 

Or.eal. 

aos 

p  m                     

February: 

Am 

L50 

L35 
L86 

L14 

.07 

.83 

P.m 
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Table  1  (continued). — Monthly  mean  solar  radiation  intenHtie$  for  Madison, 

Wis.,  6<o.— Continued. 


Son's  lenlthdjitaiioe. 

0.0* 

48.8* 

00.0* 

86. 6* 

70. 7* 

71.6* 

76. 7* 

77.4* 

78.7* 

Air  mess. 

1.0 

1.6 

2.0 

2.6 

8.0 

8.6 

4.0 

4.6 

6.0 

Maroh: 

A.m 

1.43 
1.89 

1.81 
1.84 

1.19 
1.16 

1.17 
1.11 

1.14 
1.05 

1.20 
1.12 

1.24 
1.20 

1.21 

1.83 

1.34 

1.19 
L27 

1.10 

.88 

1.07 

1.20 
1.26 

1.11 
1.19 

.90 

1.20 
L21 

1.09 
1.11 

1.12 

1.06 

1.04 

.94 

p.m 

^n... 

1.88 

1.10 

p.m 

May: 

A.m 

1.31 

P.m 

Jane: 

A.m 

1.24 

P.m 

July: 

A.m 

1.28 



L04 
.80 

1.11 
.00 

L12 
1.06 

1.12 
1.13 

L80 

.91 

p.m 

August: 

A.m 

1.81 

1.06 
.86 

1.01 
.96 

1.06 
1.09 

1.20 
1.25 

1.24 

.80 
.76 

.96 
.96 

.97 
.96 

1.12 
1.17 

1.16 
1.09 

.98 

.67 

.91 
.72 

.89 
.97 

1.21 
.98 

1.09 
1.06 

.86 
.70 

.86 
.76 

.81 

p.m 

September: 

A.  m 

1.85 

p.m 

.74 
.67 

October: 

A.m.... 

.64 

p.m 

November: 

A.M 

1.08 

.96 

.78 

P.m 

December 

A.m 

1.13 

1.08 

.86 

p.m 

Table  1  (continued). — Monthly  mean  solar  radiation  intensiUes  for  Santa  Fe, 
N.  Mew.,  based  on  measurements  made  September,  1910,  and  from  October, 
191B,  to  September,  1915,  inclusive. 

[Latitude,  85*  41' :  longltade,  100*  07' ;  altitude  above  tea  level,  7,018  feet  (2.188  meters). 
Oram  calories  per  minute  per  square  centimeter  of  normal  surface.] 
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7o.r 
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1.0 

L6 
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2.5 
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1.42 
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1.80 
1.35 
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1.26 
1.88 
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1.62 
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1.23 
L21 
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1.14 

Ito 

jtS::::::::;:::::::::::::::: 
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L17 
L24 
1.24 

■'*i.'89" 

1.12 
1.16 
L04 
L81 

1.12 
.96 

i.06 
.90 

1.01 

0.96 

^Smit      

Peoflmber      
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In  Table  1  are  given  the  monthly  means  of  solar  radiation  intensttiee 
ured  at  Washington,  D.  0. ;  Mount  Weather,  Va. ;  Madison,  Wis. ;  and  Santa  Fe, 
N.  Mex.  For  details  of  the  observations  the  reader  is  ref^red  to  earlier  pub- 
lications by  the  author  (6).  The  measurements  have  been  made  with  the  son 
at  such  zenith  distances  that  the  air  mass  has  been  some  multiple  of  0^,  or 
else  the  measured  intensities  have  been  corrected  by  interpolation  to  some  sodi 
air  mass.  By  air  mass  is  meant  the  length  of  the  path  of  the  solar  rays 
through  the  atmosphere  to  the  surface  of  the  earth  at  the  place  of  observation, 
the  length  with  the  sun  in  the  zenith  being  unity.    With  the  sun  not  leas  than 
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Fio.  1.— Logarithms  of  solar  radiation  intensitieB. 

10*"  above  the  horizon,  the  air  mass  is  approximately  the  secant  of  the  sun'0 
zenith  distance. 

The  means  given  are  made  up  of  readings  on  not  less  than  3  different  days, 
and  in  some  cases  on  more  than  80  days.  At  Santa  Fe  afternoon  readings  have 
not  generally  been  made. 

The  radiation  intensity  diminishes  with  increase  of  air  mass,  following  ap- 
proximately the  law  Q=Qo  a",  which,  however,  holds  strictly  for  homogeneous 
rays  only.  In  this  equation  Qo  is  the  radiation  intensity  at  the  outer  limit  of 
the  earth's  atmosphere,  a  is  the  atmospheric  transmission  coefficient,  or  the 
proportion  of  Qo  that  would  be  received  at  the  surface  of  the  earth  with  the 
sun  in  the  zenith,  m  is  the  air  mass,  and  Q  is  the  intensity  of  the  radiation 
measured  with  the  sun  at  the  zenith  distance  indicated  by  m.  Passing  to 
logarithms,  the  equation  becomes  log  Q=log  Q«+m  log  o,  in  which  on  a  good 
day  log  Qo  and  log  a  are  constants.  The  equation  is  therefore  that  of  a 
straight  line.    In  figure  1  are  plotted  series  of  measurements  obtained  on  differ- 
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ent  days  at  different  stations,  with  log  Q  as  ordlnates  and  m  as  abscissas.  It 
will  be  noticed  that  measurements  obtained  during  a  half  day  at  a  given  place 
follow  the  above  law  very  closely,  plotting  approximately  in  a  straight  line. 

From  Table  1  it  is  seen,  first  of  all,  that  for  any  given  zenith  distance  of  the 
4un,  as,  for  example,  60'',  the  radiation  intensities  are  higher  in  winter  than  in 
summer.  This  is  due  to  two  causes:  First,  the  earth  is  at  its  least  solar  diih 
tance  in  winter,  and  the  variations  in  this  distance  are  sufficient  to  introduce 
an  annual  variation  of  about  7  per  cent  in  the  radiation  intensities.  Second, 
in  winter  the  water-vapor  content  of  the  atmosphere  is  at  a  minimum,  as  shown 
by  Table  2,  and  water  is  an  active  absorber  of  solar  radiation. 

Solar  radiation  intensities  measured  after  noon  are  usually  lower  than  in- 
tensities measured  before  noon,  especially  in  summer.  This  is  because  convec- 
tion tends  to  bring  the  dust  and  water-vapor  content  of  the  atmosphere  to  a 
maximum  at  about  the  time  of  the  maximum  temperature  of  the  ilay.  In 
Table  1  the  a.  m.  means  are  not  invariably  higher  than  the  p.  m.  means,  for 
the  reason  that  on  many  days  with  clear  skies  in  the  morning  the  vapor  content 
of  the  atmosphere  is  sufficient  to  form  a  cloud  cover  after  noon.  In  conse- 
quence radiation  measurements  are  obtained  on  fewer  afternoons  than  morn- 
ings, and  in  general  only  on  the  best  days. 

Table  2. — Monthly  mean  vapor  pressure. 


8ev«nty-iifth  mflridian 
time. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aog. 

Sept. 

Oct. 

Nov. 

Deo. 

WaahJngton,  D.  C: 

8  a.  m 

mm. 
3.48 
3.78 

2.10 
8.41 

2.13 
2.51 

3,12 
3.43 

2.08 
2.34 

2.21 
2.82 

mm. 
4.90 
6.21 

8.85 
3.71 

2.66 
2.56 

mm. 
6.48 
6.76 

4.03 
6.44 

2.97 
2.82 

mm. 
10.31 
10.60 

7.7? 
8.61 

4.04 
8.63 

13.70 
14.50 

11.40 
12.84 

5.60 
4.85 

mm. 
16.23 
16.74 

13.18 
13.40 

8.08 
7.57 

mm. 
16.76 
16.64 

12.88 
13.84 

8.00 
7.57 

mm. 
13.08 
13.87 

10.44 
11.07 

6.04 
5.80 

mm. 
8.48 
0.04 

6.45 
6.88 

3.96 
4.19 

mm. 
5.33 
5.59 

4.12 
4.42 

2.60 
3.06 

mm. 
3.08 

8p.  m. 

3.94 

lUdJson,  Wis.: 

8  a.  m 

2.00 

8p.  m. 

2.90 

Santa  Fe,  N.  Mez.: 

8a.  m. 

1.96 

8d.  m 

2.34 

In  the  upper  part  of  figure  2  are  plotted  the  monthly  mean  a.  m.  radiation 
intensities  for  air  mass  2,  for  the  three  stations  Washington,  D.  O.,  Madison, 
Wis.,  and  Santa  Fe,  N.  Mex.,  reduced  to  what  they  would  have  been  with  the 
earth  at  its  mean  distance  from  the  sun.  Mount  Weather  is  omitted  from  this 
figure,  as  its  means  differ  but  little  from  those  for  Washington.  The  curves 
for  each  of  the  above  stations  show  minimum  intensities  in  summer  and  maxi- 
mum intensities  in  winter.  The  annual  range  is  only  about  10  per  cent  at 
Santa  Fe,  but  exceeds  20  per  cent  at  Washington  and  Madison.  Table  2  shows 
a  correspondingly  greater  increase  in  the  surface-water  vapor  pressure  from 
winter  to  summer  at  Madison  and  Washington  as  compared  with  Santa  Fe. 

In  Table  3  are  given  for  the  thi^ee  above-mentioned  stations  the  zenith  dis- 
tance of  the  sun  at  noon  at  the  time  of  the  equinoxes  and  the  summer  and 
winter  solstices,  and  also  the  corresponding  air  masses. 


Table  3. — Zenith  distance  of  the  sun  (Z)  at  noon  and  the  corresponding  air 
mass  (m)  for  certain  stations  at  the  time^  of  the  equinoxes  and  the  summer 
and  tcinter  solstices. 


Stations. 

Summer 
solstice. 

Bqulnozee. 

winter 
solstice. 

Z. 

m. 

Z. 

m. 

Z. 

m. 

Santa  Fe,  N.  Mex 

o         / 

12    14 
19    38 
16    27 

1.02 
1.06 
1.04 

o        t 

85    41 
43    05 
38    54 

1.23 
1.37 
1.28 

•     / 

59    06 
66    32 
62    21 

1.94 

Madison,  Wis 

2.50 

Washto^ton,  b.  C 

2.14 
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On  account  of  the  great  Increase  in  the  noon  air  mass  for  winter  av&r  that 
for  sammer  we  might  expect  the  noon  radiation  int^isities  to  sliow  a  decided 
maximmn  in  summer.  This  is  not  tlie  case,  however,  as  is  sho^p^n  in  tbe  lower 
part  of  figure  2,  where  are  plotted  the  absolute  monthly  maximum  noon  radia- 
tion intensities  that  have  been  measured  at  each  of  the  above  stations.^  These 
intensities  were  measured  under  the  best  sky  conditions  that  liave  prevailed 
in  the  different  months  at  these  stations.  The  annual  range  in  these  noon  in- 
tensities is  small  at  Washington,  with  a  slight  mii^imum  in  summer.  Santa  Fe 
shows  a  summer  minimum  and  a  winter  maximum.  Madison  shoinrs  a  deddeil 
summer  minimum,  and  an  equally  decided  maximum  in  the  early  ^>rins. 

At  Washington,  therefore,  the  direct  solar  radiation  at  noon  on  tbe  clearest 
days  of  winter  on  a  surface  normal  to  the  direction  of  the  incident  rays  is  as 
intense  as  the  corresponding  intensity  of  summer.  The  effect  of  tlie  increased 
noon  air  mass  of  winter  as  compared  with  summer  is  offset  by  tbe  decreased 


Flgarm.  2.  Montiily  ntan.  Mid  leorihly  aaxlM»  noon  solr.r  wvoistlon  Intensities,  for  Santa  9^, 
Rev  Vex.   (e),  Itedlson,  ris.(o),  and  raahlnflton,  D.C.   (x),  expreaeed  in  $rM»-calories  per 
nlnute  per  equare  centlaeter  of  itorval  surface. 

solar  distance  of  the  earth  and  the  decrease  in  the  water-vapor  content  of  tlie 
atmosphere.  At  Santa  Fe  these  latter  ^ects  more  than  offset  the  former 
and  the  same  is  true  of  Madison,  except  that  the  maximum  intensities  are  th^e 
thrown  forward  to  the  time  of  the  vernal  equinox,  when  the  earth  is  at  about 
its  mean  solar  distance,  and  the  vapor  content  of  the  atmosphere  is  still  low. 
At  this  season  of  the  year  the  northern  part  of  the  United  States  is  usually  cov- 
ered with  snow,  and  in  consequence  there  is  little  dust  in  the  atmosphere. 


BBOOBDS  OF  THK  TOTAL  BADIATION  FBOM  THE  SX7N  AND  SKY. 

(Continuous  records  of  the  total  radiation  received  on  a  horizontal  surfftce 
from  the  sun  and  sky  are  obtained  by  means  of  the  Callendar  recording  pyrheli- 

*  Thli  part  of  flgnre  2  has  been  redrawn  to  include  data  to  the  end  of  Angust,  1916. 
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ometer  regardless  of  the  state  of  the  sky.  In  figure  8  the  trace  B  B  is  such  a 
record,  obtained  at  Mount  Weather,  Ya.,  on  May  8,  1918,  with  a  clear  sky.  A 
screen  was  Interposed  between  the  resistance  thermometers  and  the  sun  at 
intervals,  allowing  the  instrument  to  receive  and  record  radiation  from  the 
sky  alone.    The  curve  A  A,  thus  determined,  shows  the  diurnal  variation  In  sky 
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Fio.  8.— Records  of  solar  and  sky  radiation  at  Mount  Weather,  Va.,  on  Hay  8, 1018. 

radiation.  The  dally  amount  of  radiation  received  from  a  cloudless  sky  in 
summer  varies  from  one-eighth  to  one-third  of  the  total  radiation,  Increasing 
with  Increased  haziness  of  the  atmosphere.  Subtracting  the  sky  radiation  rep- 
resented by  the  area  under  the  curve  A  A,  in  figure  8,  from  the  total  radia- 
tion, represented  by  the  area  under  the  curve  B  B,  we  have  left  the  area  A  A, 
B  B,  figure  8,  representing  the  radiation  received  on  a  horizontal  surface  from 
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Fio.  4.— Uaximom  and  mean  dally  amomits  of  solar  and  sky  radiation  in  gram-«alorie8  per  sqimre 
centimeter  of  hdricontal  snrfaoe.  I  (0)»  Maxinnun  for  Washington,  D.  C;  II  (+),  Mean  for 
Washington,  D.  C;  m  (#),  Mean  for  Mount  Weather,  Va. 

the  sun  alone.  The  ordlnates  of  this  area  may  be  compared  with  the  vertical 
component  of  direct  solar  radiation  measurements  by  plotting  the  latter  from 
A  A,  as  a  base  line,  as  has  been  done  in  figure  8,  giving  the  curve  C  C. 

In  figure  4  the  upper  curve  shows  the  maximum  daily  amounts  of  radiation 
that  have  been  measured  by  a  Callendar  pyrheliometer  at  Washington,  D.  0., 
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at  diiterent  seasons  of  the  year  on  clear  days.  This  curve  may  therefore  be  con- 
sidered the  curve  of  possible  daily  radiation  for  Washington.  The  lower  curve 
shows  the  average  daily  radiation  that  has  been  measured  at  Washington  (  +  ) 
and  at  Mount  Weather  (#).  These  curves  are  based  on  records  obtained  at 
Washington  between  July,  1900,  and  April,  1912,  and  between  November,  1914» 
and  February,  1915 ;  and  at  Mount  Weather  between  May,  1912,  and  Septemb^, 
1914.  The  curve  of  possible  radiation  for  Mount  Weather  is  nearly  identical 
with  that  for  Washington  during  the  summer  months,  but  is  markedly  lower  in 
winter.  Details  of  the  measurements  may  be  found  in  earlier  papers  by  the 
author  (7). 

At  Washington  the  radiation  on  a  clear  day  during  the  early  part  of  June 
is  slightly  in  excess  of  750  calories  per  square  centimeter,  while  In  the  middle 


Fig,  5.   Isopleths  of  solar  and  sky  radiation  at  Washington,  D.C. 
(Gram-calories  per  hour  per  square  o  en  time  ter  of  horizontal  aurfa<*.».»' 

of  December  It  is  little  in  excess  of  dOO  calories,  or  only  40  per  cent  of  what 
it  is  in  June.  The  average  daily  radiation  in  December  is  only  80  per  cent 
of  the  average  daily  radiation  during  the  latter  part  of  May.  During  the 
six  months,  May  to  October,  inclusive,  the  radiation  averages  70  per  cent  of 
the  possible,  while  during  the  remaining  six  months  it  averages  56  per  cent. 

From  the  hourly  amounts  of  radiation  recorded  by  the  Oallendar  pyrheli- 
ometer,  at  Washington,  isopleths  of  solar  and  sky  radiation  have  been  drawn, 
as  shown  in  figure  5.  They  represent  graphically  the  average  amount  of  radi- 
ation received  on  a  horizontal  surface  during  each  hour  of  the  year.  The 
isopleths  for  May  and  June  are  drawn  in  broken  lines,  as  they  are  not  so 
well  determined  as  for  other  months.    These  isopleths  show  that  the  maximum 
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hourly  amounts  of  radiation  are  received  during  the  latter  part  of  May.  At 
the  beginning  of  the  third  decade  of  March,  the  time  of  the  vernal  equinox, 
the  hourly  amounts  are  nearly  the  same  as  at  the  beginning  of  the  third  decade 
of  September,  the  time  of  the  autumnal  equinox.  The  upper  curve  of  figure  4, 
which  represents  the  daily  totals  on  clear  days,  shows  an  excess  of  at  least 
15  per  cent  at  the  time  of  the  vernal  equinox,  as  compared  with  the  time  of  the 
autumnal  equinox.  The  monthly  mean  radiation  intensities  plotted  in  figure  2 
would  lead  us  to  anticipate  this  result  The  agreement  In  the  average  dally 
and  average  hourly  amounts  of  radiation  at  the  two  equinoxes  is  to  be 
attributed  to  the  greater  percentage  of  cloudiness  in  the  spring,  which  offsets 
the  greater  intensity  of  radiation  when  the  sky  is  clear. 

Besides  the  continuous  records  of  solar  and  sky  radiation  that  have  been 
obtained  at  Washington,  D.  C,  and  Mount  Weather,  Va.,  the  Weather  Bureau 
is  obtaining  similar  records  at  Madison,  Wis.,  and  Lincoln,  Nebr.  These  are 
now  being  reduced  and  will  shortly  be  published.  Lincoln,  Nebr.,  also  meas- 
ures the  intensity  of  direct  solar  radiation  with  a  Marvin  pyrhellometer. 

SUMICABT. 

At  Washington,  D.  C,  Madison,  Wis.,  Lincoln,  Nebr.^  and  Santa  Fe,  N.  Mex., 
the  Weather  Bureau  measures  the  intensity  of  direct  solar  radiation  on  a  sur- 
face normal  to  the  incident  solar  rays  on  days  when  the  sun  is  unobscured 
by  clouds;  and  at  all  these  stations  except  Santa  Fe  continuous  records  are 
obtained  of  the  total  amount  of  solar  and  sky  radiation  received  on  a  horizontal 
surface. 

One  might  anticipate  that  on  account  of  the  increased  length  of  the  path 
through  the  atmosphere  of  the  solar  rays  in  winter  at  midday  as  compared 
with  midday  in  summer,  the  maximum  intensities  of  direct  solar  radiation 
would  be  measured  in  summer.  At  Washington  the  monthly  maximum  noon 
measurements  show  little  annual  variation.  'At  Santa  Fe  they  show  a  minimum 
in  summer  and  a  maximum  In  winter.  This  is  also  true  of  Madison,  except 
that  the  maximum  occurs  In  the  early  spring.  The  relatively  low  summer 
intensities  are  attributed  to  the  maximum  solar  distance  of  the  earth  and  the 
maximum  vapor  content  of  the  atmosphere  at  that  season. 

The  monthly  mean  solar  radiation  measurements  with  the  sun  at  zenith 
distance  60**,  reduced  to  mean  solar  distance  of  the  earth,  show  intensities  in 
winter  about  10  per  cent  in  excess  of  summer  intensities  at  Santa  Fe  and  20 
per  cent  in  excess  at  Washington  and  Madison. 

At  Washington  the  total  radiation  received  on  a  horizontal  surface  from  the 
sun  and  sky  on  a  dear  day  in  early  summer  exceeds  750  gram-calories  per 
square  centimeter.  In  the  latter  part  of  December  the  daily  amount  is  only 
300  calories  or  40  per  cent  of  what  it  is  in  June.  The  average  dally  amount  in 
June  is  about  525  calories,  or  70  per  cent  of  the  possible.  In  December  it  is 
about  165  calories,  or  55  per  cent  of  the  possible,  and  less  than  30  per  cent  of 
the  average  daily  amount  in  June.  From  one-eighth  to  one-third  of  the  total 
radiation  on  a  clear  day  is  received  diffusely  from  the  sky. 

Expressed  in  units  of  energy,  1.50  gram-calories  of  heat  per  square  centimeter 
per  minute,  or  90  calories  per  hour,  which  is  not  an  unusual  rate  in 'the  middle 
of  the  day  at  Washington  in  May  and  June,  Is  equivalent  to  over  1  kilowatt 
per  square  meter,  pr  1.2  horsepower  per  square  yard.  A  daily  amount  of  750 
gram-calories  per  square  centimeter  is  equivalent  to  8.7  kilowatt-hours  of 
energy  per  square  meter ;  and  600  calories  per  square  centimeter,  a  dally  rate 
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that  is  to  be  expected  at  Washington  from  about  March  10  to  S^>tember  10,  is 
equivalent  to  7  kilowatt-hours  of  energy.  Hence  in  the  vicinity  of  Washington 
the  energy  received  on  each  square  meter  of  horizontal  surface  on  <dear  days 
between  March  10  and  Sept^nber  10  is  equivalent  to  the  energy  required  to  run 
twenty-five  40-watt  electric  lamps  for  7  hours. 

The  above  calculation  is  useful  in  that  it  helps  to  fix  in  our  minds  the  magni- 
tude of  solar  radiation  intensities  with  which  we  have  to  deaL  Of  greater 
value,  however,  would  be  a  computation  of  the  effect  of  this  solar  energy  upon 
the  growth  of  plants  and  upon  the  development  of  animal  life.  We  know,  for 
example,  that,  in  general,  plant  cells  generate  starch  only  in  the  presence  of 
sunlight,  and  that  starch  is  necessary  to  plant  growth.  How  much  solar  energy 
can  a  given  plant  profitably  utilize?  What  plants  can  be  raised  most  profitably 
when  the  average  daily  radiation  is,  let  us  say,  800  calories,  and  \irhat  plants 
where  it  is  only  one-half  that  amount?  What  effect  has  the  daily  average  of 
solar  radiation  upon  the  percentage  of  sugar  in  beets? 

These  are  only  a  few  of  the  questions  that  should  be  solved,  now^  tliat  we 
have  means  of  obtaining  continuous  records  of  the  intensity  of  solar  and  sky 
radiation. 
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The  Chairman.  Before  we  take  up  the  discussion,  I  will  ask  your 
I>ennission  to  make  an  announcement.  The  chairman  of  the  com- 
mittee on  resolutions  of  section  II  has  asked  me  to  request  that  the 
committee  on  resolutions  hold  a  meeting  this  afternoon  at  2.30  in 
tlie  board  room  of  the  Carnegie  building.  Prof.  Eamball's  paper  is 
now  before  you  for  discussion. 

Mr.  Bauer.  Referring  to  the  slide  giving  the  mean  monthly  radia- 
tion intensities  and  showing  the  Tninimnnn  during  the  summer  months 
and  maximum  during  the  winter  months,  the  observations  there  are 
T-educed  to  mean  solar  distances,  are  they  not? 

Mr.  KtmbatiTi,  The  maximum,  or  noon  intensities,  are  not  reduced. 
The  monthly  means,  shown  in  the  upper  part  of  the  figure,  are  re- 
duced to  mean  solar  distance. 

Mr.  Bauer.  Showing  the  minimum  during  the  summer  and  the 
maximum  during  the  winter? 
Mr.  KiMBATj..  Yes. 

Mr.  Bauer.  I  presume  that  represents  entirely  the  absorbing  effect 
of  the  atmosphere. 

Mr.  EjufBALL.  Yes;  and  principally  the  difference  between  the 
absorbing  effect  of  water  vapor  in  summer  and  in  winter. 


INICIACI6N  AL  BSTUDIO  DB  LA  RELACI6N  HEUOMETEO- 

R0L66ICA. 

Por  GERMAN  BARBATO  (hijo)  y  PEDRO  ESQUERRA. 

(a)  Resefia  hlsttfrica  y  estado  actual. 

W.  Herschel  fa4  oflcialmente  el  primero  que  trat6  de  hallar  un  valor  a  la 
relaci6n  heUometeorol6gica. 
Despu^  de  41  machos  afldonados  y  astrdnomos  ban  trabajado  para  probar 
su  existencia  y  no  tenemos  necesldad  de  Uegar  a  este  siglo  para  revistar  Im* 
portantes  trabajos  ejecatados  con  ese  fin. 

Ya  en  1872,  Meldmm,  director  entonces  del  Obserratorio  de  la  isla  Manrido,. 
pnbllcaba^  como  primeros  trabajos  serios  de  esta  fndole  una  serie  de  observa- 
dones  en  nn  intervalo  de  25  alios,  de  las  que  se  deduce  que  el  mayor  nttmera 
y  magnitnd  de  los  ddones  observados  coinddieron  con  la  presenda  de  pertorba- 
dones  en  el  sol. 

Por  8US  partes,  Symons,  Lockyer,  Moffat,  Stewart,  Yevons,  Proctor,  ban 
estudiado  y  observado  con  ese  fin  y  llegan  cada  nno  a  resultados  m&s  o  meHoa 
comprobantes,  bajo  distintas  maneras  de  investigar. 

Sea  cnal  faere  el  objeto  de  esos  trabajos,  todos  tratan  de  la  relad^n.  El 
fin  pues,  no  es  negarla  sino  discntir  la  marcha  de  los  fen6menos. 

>  Nature,  Vol.  VI,  p.  858. 
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Bn  nuestros  dfas,  la  caesti6n  es  llevada  con  mAs  s^edad,  por  parte  de  los 
observatorios  astroffsicos  como  son  el  de  Monte  Wilaon,  ^  de  Meudon,  el  de 
Greenwich  y  otros  que  en  sua  respectiyaa  dependencias  coop^an  para  llegakT 
a  resultados  concluyentes,  y  por  parte  de  los  antores,  los  que  no  dejan  de 
de<licar  unas  Ifneas  a  su  dlacasidn. 

Han  venido  a  ayndar  considerablemente  a  esa  teorfa,  los  adelantos  de  la. 
ciencia  relaclonados  con  la  natnraleza  el^ctrlca  del  sol.  Despu^  de  los  grandes 
acontecimientos  cientlflcos  que  en  seguida  revistaremos,  los  enemigos  de  la  Idea 
que  apoyamos,  se  ban  visto  obUgados  a  mirar  de  otra  manera  esta  caeBtido, 
dada  la  solidez  creclente  de  las  bases  para  su  poelble  pr6zlma  comprobaci6iu 

(b)  De  la  relaci6n  magn^tica  entre  el  Sol  y  la  Tierra. 

KHt&  hoy  complemente  probada  la  relaci6n  magn^tica  entre  el  Sol  y  la 
TIerrn.  La  presencia  de  perturbadones  en  el  Sol  hace  registrar  sensibles 
oscilaciones  en  las  agujas  magn^ticas,  auroras  polares,  intermpciones  de  llneas 
telegr&ficas  y  en  general  verdaderas  tormentas  tiMxicas  manifestadas  bajo 
diversos  aspectos.  A  diferencia  de  la  cuesti6n  meteorol6gica,  la  relaci5n 
roagn^tica  no  admite  ya  discusi6n,  si  bien  ha  costado  algo  ser  concebida  por 
hombres  llustres  como  Faye:  que  habi^ndola  rechazado  por  algtin  tiempo 
la  aprobd  en  sus  tUtimos  alios  obllgado  por  la  sorprendente  coincidencia  de  los 
fen6menos  magn^ticos  con  la  presencia  de  perturbadones  en  ^  SoL 

Y  como  ese  sabio,  todos  han  debido  prestar  su  apoyo  a  esta  verdad  dentifica : 
la  oomunicaci&n  magn^Hca  entre  el  Sol  f  la  Tierra.^ 

(c)  De  la  naturaleza  eldctrica  del  Sol. 

La  idea  de  la  imantadto  solar  desaparece  con  la  de  la  alta  temperatura  que 
en  aquel  astro  existe  y  es  atin  incompatible  con  la  de  la  acci6n  sobre  los  otros 
fen6menos  terrestres. 

Bl  Sol  no  es  un  cuerpo  imanado,  sino  electrizado  como  lo  estftn  mds  o  menoe 
todos  los  cuerpoB  calientes.  Adem&s  se  ha  observado  sobre  una  esfera  electrl- 
zada  que  su  campo  magnMco  es  anAlogo  al  aspecto  de  la  corona  y  penachos 
solares,  cosa  que  m&B  se  asemejarfa  si  se  diese  a  dicha  esfera,  un  ligero  mo- 
rlmiento  de  rotad6n.' 

La  espectrosGopfa  ha  ayudado  mucho  en  estas  investigacioneB.  La  admirable 
teorfa  de  Hale  tuvo  su  conoddo  4xito  en  1908  con  el  descubrimiento  del  fen6- 
meno  de  Zeemann,  en  el  espectro  de  las  manchas. 

Como  se  sabe.  Hale  tuvo  la  idea  de  que  los  torbellinos  produddos  por  los 
gases  solares  que  rodean  las  manchas,  deberian  producir  una  corriente  el4c- 
trica  y  por  lo  tanto  un  campo  magn^tico  producido  por  el  desplazamiento  de 
particulas  electrisadas. 

Esa  idea  tu4  confirmada  con  el  descubrimiento  dd  desdoblamiento  de  la: 
rayas  del  espectro  de  las  manchas,  descubrimiento  que  ha  llevado  a  la  con- 
clusi6n,  que  en  las  manchas  ewisten  torbeUinos  de  materia  electrizada. 

Otro  gran  acontecimiento  dentffico  ha  sido  la  confirmaci6n  de  la  teoria 
eleotromagn^tica  de  la  luz.* 

En  la  teorfa  de  Maxwell  como  en  la  de  Arrhenius  las  partfculas  electrizadas 
son  despedidas  por  la  expulsion,  ayudada  por  la  presidn  de  radiacitin,  fuerza  de 

^  "  Bulletin  de  la  Soci4t4  Astronomlqae  de  France."  *'  L'Espace  cfieste,"  por  Liais, 
2' edici6n  pAg.  487  y  488.**  Young.  *'!«  Solell/*  p&g.  123.  Constet.  "  L* Astronomie  mlM 
a  la  portte  de  tons.'*     p4g.  186. 

*  Bosler.  "  Les  idtes  actaelles  but  le  Solell.**  Bulletin  de  la  8oci4t6  AstronomivM  de 
France,  febrero  de  1914. 

*  Boutaric.  "  Oscillations  et  Vibrations,**  p&g.  877.  H.  Polncar^.  "  La  Science  et 
l*Hypotbtee,  pAg.  276. 
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ia  luz,  que  saca  de  laa  altas  capas  de  la  atrndefera  solar,  esos  electrones  para 
dlrigirlos  en  todos  sentidos  y  bajo  dlstintas  cargaa  segtLn  la  ylolencia  y  magni- 
tud  de  los  f endmenos  productores. 

Asf  pues  la  corona  y  penachos  que  se  observan  en  los  eclipses  90  serfan  pues 
verdaderos  rayos  catddicos.  La  emisldn  de  partfculas  electrizadas  negatlva- 
mente  que  alcanzarfan  nuestra  atmdsfera  a  las  46  boras  de  su  partida  del 
globo  solar,  explica  la  electrizacldn  de  aqu^lla  y  la  unidn  de  las  electrlcidades 
solar  y  terrestre. 

En  resumen,  sdlo  la  naturaleza  de  la  luz  explica  la  trasmisidn  de  la  elec- 
tricidad  solar  hacia  el  espacio  ya  sea  bajo  ondas  hertzianas,  rayos  cat6dicos» 
oorrienteM  de  desplazamiento  que  segdn  Maxwell  deben  como  las  corrientes  de 
lnducci6n,  producir  efectos  electromagn^ticos.^ 

id)  De  la  electrlcldad  atmosf^rica. 

Desde  luego,  sabemos  que  en  tiempo  normal  y  en  condiciones  generales,  la 
electrlcldad  terrestre  se  encuentra  esparcida  uniformemente  alrededor  del 
Globo  y  que  su  potencial  aumenta  con  la  altura  sobre  €1.* 

Siendo  el  aire  mal  conductor  puede  su  mayor  o  menor  dilatacidn  o  compresidn, 
producir  una  diferencia  en  la  carga  el^trica  de  sus  capas,  cosa  que  produciria 
el  rompimiento  de  equilibrio  de  esa  carga.  Rota  la  neutralidad  electrostdtica, 
se  producen  ya  sean  rayos,  fulgores  silenciosos,  auroras  polares,  o  simples  sobre- 
cargas  acentuadaa'  Esto  pasa  como  cosa  puramente  atmosf^rica,  es  decir,  con 
los  medios  naturales  de  la  atmdsfera. 

(e)  De  la  forma  como  actda  la  electrlcldad  solar  sobre  la  electrlcldad 
terrestre. 

Esos  fendmenos  se  producir&n  con  mAa  razdn  por  la  llegada  de  la  electrlcldad 
solar  a  las  capas  del  aire.  La  sobre-carga  se  manifestarA  enseguida  por  esos 
fendmenos  los  que  tomar&n  proporciones  mds  o  menos  grandes  segdn  las  mag- 
nitudes de  las  cargas  que  lleguen. 

Por  otro  lado,  la  llegada  de  rayos  catddicos,  dard  lugar  a  condensaciones 
generates,  becho  que  actualmente  se  demuestra  en  los  gabinetes. 

De  las  deducciones  matemfiticas  de  Lord  Kelvin  se  puede  ver  que  esos  corpds- 
culos  cargados  el^ctricamente,  pueden  por  mils  pequeQos  que  sean,  formar 
centres  electrizados  los  que  darfan  lugar  a  la  condensacidn  del  vapor  en  que 
actdan. 

Dentro  de  la  teorfa  de  los  iones,  los  negatives  condensan  los  vapores  con 
mayor  facilidad  que  los  positives  cosa  que  se  aprovecba  para  suponer  que  la 
Uuvia  debe  en  la  mayor  parte,  formarse  en  los  centres  negatives/ 

Siendo  la  electrlcldad  solar  que  recibimos  de  signo  negative,  he  aquf  que 
toda  esa  serie  de  fendmenos  se  produzcan  con  mayor  razdn  al  tener  lugar  la 
llegada  de  los  corpdsculos  electrizados. 

(/)  De  la  naturaleza  el^rica  de  los  fendmenos  sfsmicos. 

La  teorfa  de  Rossi  da  por  cnusa  de  los  movimientos  sfsmicos,  la  existencla  de 
corrientes  electromagndticas  en  el  interior  de  la  Tlerra,  asf  como  grandes 
cantidades  de  vapor  de  agua.  Explica  esta  hipdtesis,  la  relacidn  con  los 
fendmenos  atmosf^ricos  que  la  mayor  parte  de  las  veces  se  registran,  los  des- 
prendimientos  de  gases  y  los  ruidos  subterr&neos  que  generalmente  les  acom- 
paQan. 

1  BoQtaric,  "  Oscillations  et  Vibrations/'  pg.  868. 

>  Coustet,  "  L*El«ctric6  ses  lois  et  ses  applications,"  pg.  76. 

*  Const  et,  "  L*A8tronomie  mise  &  la  portee  de  tons,**  pg.  186. 

«  Dicdonario  BnciclopMico.    Artfcnlo,  "  ion,"  tomo  XXYII.    Nnevo  ap^ndice. 
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Asf  pnes,  los  terremotoe  serfan  verdaderas  tempestades  sabterrftneas,  si  bl^i 
86  pueden  admitir  otras  causas  como  son  los  hundlmlentos,  las  erupclones,  etc 

iff)  De  la  poslble  relacl6n  que  pueden  guardar  los  fen^menos  solaies  y  los 
sfsmicos. 

SI  se  admlte  la  teorfa  el4ctrlca  de  los  fen6menos  sfsmicos  se  entra  en  con- 
tacto  con  la  idea  de  su  poslble  relaci6n  con  las  perturbaciones  solarea 

(^))Nuestra  conclusl6n  respecto  a  las  posibles  relaciones  helionieteorol6glca 
y  heliosfsmica. 

La  tierra  con  sus  envolturas  de  aire  y  con  su  Interior  formado  por  varias 
capas,  no  es  m&s  que  un  condensador  el^ctrico  expuesto  a  la  acci6n  directa  de 
un  poderoso  electroimdn  que  es  el  Sol. 

Las  cargas  solares,  son  recibidas  primero  por  las  altas  regiones  de  la  atm^s- 
fera,  luego  por  las  capas  inferiores,  y  despu^  por  la  corteza  terrestre  y  por 
liltimo  por  el  ntldeo  central  metAlico. 

Cuando  la  acci6n  se  localiza  en  las  primeras  regiones,  los  fendmenos  pro- 
duddos  serdn  fulgores,  auroras  polares,  fen6meno8  uno  como  el  otro,  sU^i- 
dosos,  dada  la  rarefacci6n  del  aire  en  aquellas  altitudes. 

Estos  hechos  bastan,  desde  luego,  para  ezplicar  la  producd6n  de  las  teaak- 
pestades  el^ctricas  en  las  capas  inferiores,  con  sus  consiguientes  fendmenos 
atmosfdricos,  como  son  dclones,  temporales,  lluvias,  granizos,  ni^las,  etc,  que 
a  su  vez  explican  por  una  parte  la  e1ectrlzad6n  de  la  corteza  terrestre. 

La  sobre-carga  el^ctrica  en  el  interior  del  Olobo,  produdrfa  a  su  ti^npo, 
tempestades  subterrfineas  que  serfan  los  temblores  de  tierra  acompafiados  de 
los  truenos  que  producen  las  chispas  que  tienen  lugar  entre  las  rocas  de  las 
entrafias  del  Globo. 

Hechos  como  el  que  8ucedi6  el  25  de  dlciembre  de  1884  en  las  estadones  d^ 
ferrocarrll  de  Granada  prueban  la  reladdn  de  los  terremotos  con  la  electriddad. 
En  ese  dfa  y  antes  del  terremoto  se  notaron  fuertes  desviaciones  de  la  aguja 
Imanada.    (Dicdonario  EndclopMico,  tomo  XX,  pg.  749.) 

No  son  raras  estas  observaciones.  Ademds  la  coinddenda  general  entre  los 
terremotos  y  perturbadones  atmosf Ericas  con  fuertes  manifestaciones  eldctricas 
harfa  ver  por  otra  parte  esa  relaci6n. 

De  esta  exposid6n  se  deduce  que  admitiendo  la  ezistenda  de  la  electriddad 
solar,  su  llegada  a  la  Tierra,  la  teorfa  el^ctrica  de  los  fen6meno6  atmosf^icos 
y  lo  mismo  en  los  sfsmicos,  se  podrfa  admitir,  que  la  existenda  de  regiones 
activas  en  el  Sol  deberfa  produdr  con  mayor  fiierxa,  toda  esa  serle  de  fai6- 
menos  terrestres. 

(i)  Iniciaci6n  de  nuestras  observadones. 

Los  aparatos  usados  son :  dos  anteojos  Bardou,  de  objetivo  de  (P^OSl  de  aber- 
tura;  un  ecuatorial  Bardou,  de  objetivo  de  0"185  de  abertura  con  aparato  de 
relojerfa ;  un  ecuatorial  Merz  particularmente  estable,  de  objetivo  de  0^108  de 
abertura. 

Los  dibujos  ban  sido  tomados  por  observad^n  directa.  Adem6s  usamos  el 
mdtodo  de  proyecd6n  para  las  medidas  pr&ctlcas  de  las  coordenadas  hello- 
grdficas  de  las  perturbaci6nes,  asf  como  los  pasajes  de  ellas  por  el  meridiano 
central  del  astro.  Las  noticias  telegr&ficas  han  sido  sacadas  de  los  prind- 
pales  peri6dicos  de  esta  capital,  y  de  Buenos  Aires. 

(/)  Comienzo  y  veriflcad6n  del  mdximun  de  actividad  solar  de  1914  a  1918. 

El  m&ximun  de  actividad  solar  actual,  puede  darse  como  declarado,  en  loe 
comienzos  del  alio  1914.  Una  vez  m^  se  ha  cumplido  pues,  el  perfodo  de 
Schwabe. 

Durante  el  alio  1912,  el  Sol  preeentd  muy  pocas  anomalfas  en  su  fotosfiera 
que  dieron  por  termlnado  el  perfodo  de  minima  actividad  proximo  pasado. 
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Dnrante  el  alio  1918  se  observaron  al  principio  algunas  manchas  pequefias  y 
ya  en  Julio  se  pudo  observar  el  primer  grupo  importante  del  afio. 

Lilega  el  afio  1914  y  con  su  iniciaciOn,  comienza  manifiestamente  un  notable 
aumento  de  actividad  solar,  la  que  hasta  hoy  no  ha  cesado  de  crecer  tal  vez 
para  culmlnar  en  1916,  y  declinar  despu^s  de  1917. 

(k)  Inlclaci6n  al  registro  de  las  colncidencias  entre  los  fen6menos  solares  y 
lOB  terrestres. 

En  el  interval©  comprendldo  entre  el  principio  del  alio  1914  y  el  moraento 
actual,  pudimos  comprobar  seguidas  colncidencias  de  las  per turba clones  solares 
con  fen6menos  meteorol6glcos  y  sfsmicos. 

Haremos  lo  posible  por  exponerlos  en  orden  cronoWgico  y  consegulr  la  apro- 
l>aci6n  general  ya  que  se  trata  de  hechos  de  cuya  realidad  estamos  convencidos. 

La  prlmera  de  notable  importancia,  tuvo  lugar  el  7  de  febrero  de  1914.  Se 
observaron  manchas  del  2  al  7  y  en  este  dfa  se  desencadend  un  fuerte  aguacero 
acompafiado  de  tormenta  el^trlca  general  y  granlzo  en  Montevideo. 

Del  14  al  16  de  manso  se  observaron  perturbadones  solares  y  el  17  del 
mismo  se  desarroll6  en  Montevideo  una  tormenta  el^trica  acompafiada  de  un 
fuerte  aguacero  y  un  temporal  de  viento  que  alcanz6  una  velooldad  de  20 
metros  por  segundo. 

Entre  el  29  y  el  30  de  marzo  aparecK)  al  borde  oriental  del  Sol,  una  mancha 
cuyas  dimensiones  acusaron  que  era  la  mds  grande  observada  desde  hacfa  tres 
afios.  £sta  a  su  vez  se  dlvidi6  primero  en  dos  y  luego  se  form6  una  perturba- 
ci6n  que  pre6ent6  aspectos  variadfsimos  habi^ndose  formado  y  desaparecldo  en 
pocas  horas,  manchas  cuyas  magnitudes  alcanzaban  a  miles  de  kil6metros.^ 
Bsta  perturbaci6n  pas6  el  meridiano  central  del  astro  entre  el  5  y  el  6  de  abril. 

He  aquf  algunos  fen6menos  que  coincldieron  con  su  presencia.  En  el  dfa 
7  se  sinti6  un  fuerte  temblor  de  tlerra  a  repetlelones,  en  la  ciudad  de  TucuinAii 
(Repiiblica  Argentina). 

Entre  el  1*  y  el  11  de  este  mismo  mes  se  sintleron  varios  temblores  en  ese 
pafs,  siendo  la  Provincia  de  Santiago  del  Estero,  la  rads  oastlgada.  En  el  dfa 
15  del  mismo,  se  not6  en  Montevideo  la  tormenta  niAs  violenta  de  las  que  se 
habfan  observado  en  los  tiltimos  cuatro  afios  anter lores  a  1914. 

FtSe  notable  por  muchos  conceptos ;  por  su  duraci6n,  por  su  procnleiicia,  por 
la  cantldad  y  duraci<5n  de  la  lluvia,  por  el  gran  descenso  barom^trico  y  por  la 
impetuosidad  del  viento. 

Durante  los  dfas  17,  18,  19,  y  22  del  mismo  mes  se  observaron  pequefias 
manchas  a  la  vez  que  fuertes  oargas  el^trlcas,  y  notables  cerrazones  en  los 
dfas  20,  23  y  24. 

Entre  los  dfas  24  y  27  se  form6  un  enorme  grupo  de  manchas"  que  pas(^ 
por  el  meridiano  central  del  astro  en  el  dfa  27.  Se  pudo  anotar  lo  siguiente: 
en  Montevideo,  del  1*  al  3  de  mayo,  extraordinarlas  condensaciones,  lluvia 
el  9,  lluvia  el  10,  tormentas  el^tricas  el  11  y  el  12. 

En  el  dfa  8  se  desencaden6  en  el  Pefi6n  de  la  Gomera  (Espafia)  un  fuerte  tem- 
poral de  agua  y  viento.  Durante  el  temporal  se  sintleron  fuertes  movimientos 
sfsmicos  habi^ndose  hundido  una  colina  por  esta  causa. 

En  el  dfa  7  tuvieron  lugar  fuertes  sacudimientos  de  tierra  en  la  ciudad  de 
Bellurio  (Italia).  El  8  se  produjo  otro  que  con  los  anteriores  fueron  los  prin- 
cipios  del  gran  terremoto  de  Catania  que  tan  tristemente  puede  recordarse. 

^Lft  fotogroffa  (1)  es  Ut  prodnclto  de  los  dlbnjos  tornados  en  los  dfafi,  abril  1*,  y  6» 
de  la  perturbadta  en  coestldii. 

>  La  fotograffa  2  ea  la  reprodneclta  de  an  dibnjo  que  sacamos  de  ella  el  28  Abril  a  2b 
T.  M.  A. 
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Bn  honor  de  la  verdad,  aonque  no  se  presnmla  tan  faerte  fendmeno,  el  Sefior 
Martfn  Gil  de  G6rdoba  (Reptibllca  Argentina)  habia  pronoatlcado  tomando 
base  en  esas  perturbadones  el  intervalo  del  6  al  12  oomo  pn^lclo  a  fen6meno0 
importantea  Este  anonclo  lo  hacfa  el  27  de  abrlL  Haremos  notar  tamblte  que 
noBotros  dlmos  por  extingulda  la  p«:turbacl6n  solar,  entre  el  4  y  ^  5  de  mayo. 

Desde  el  9  de  Jonio  al  22  del  mlsmo  observamos  en  el  Sol  lo  siguiente :  una 
mancha  que  pas6  el  merldlano  central  del  astro  en  el  dia  11«  En  el  dia 
13  presentaba  tres  gmpos  Independlentes.  Estos  gmpos  se  transformaron 
Wipldamente  y  el  16  solo  presentaba  uno  que  ea  el  dfa  18  eran  dos  grandee 
manchas^  que  pasaron  al  otro  hemlsferlo  entre  el  21  y  ^  22. 

Ahora,  y^anse  estas  admlrables  colncldendas. 

Dfa  14;  cicl6n  y  temporal  en  Mendoza  (Reptibllca  Argentina).  Dfa  15; 
terrible  tempestad  en  Parfs  que  segtin  sus  pobladores  no  se  recordaba  otra 
de  tanta  violencla ;  el  mismo  dfa  15,  gran  tempestad  en  Montevideo  y  violentoe 
temporales  en  Chile.  En  esos  mismos  dfas  Basilea  (Suiza)  fu6  azotada  p<Mr 
teroporales  cuyas  descargas  el^ctricas  produjeron  hasta  incendios. 

Entre  el  18  y  el  20,  un  terremoto  devastd  varias  islas  en  Nueva  Guinea 
Inglesa ;  inf ormes  de  Batavia  refirieron  que  400  tu4  el  ntimero  de  muertos  ea 
ese  terremoto,  dato  que  insertamos  para  valorar  m^  o  menos  la  magnitud  d^ 
fendmeno.  En  el  dfa  21,  se  desencaden6  en  Orleans  (Francia)  una  tempestad 
tambi^n  de  mucha  importanda  y  por  dltimo  el  22  un  furioso  temporal  en 
Venecia. 

Oomo  dato,  n6tese  que  la  perturbaci6n  causante  pas6  el  merldlano  central 
del  astro  en  el  dfa  15. 

En  resumen  fu^  ese  un  intervalo  que  alarmd  a  todo  el  mundo  y  los  efectos 
primord tales  se  hicieron  sentir  hasta  el  dfa  8  de  Julio  por  di versos  fen6menos 
en  varias  partes  del  Globo. 

Desde  el  14  de  agosto  al  26  del  mismo,  observamos  una  mancha  y  sus  trans- 
formaciones,  y  el  18  pudimos  anotar  un  fuerte  temporal  general  en  el  Plata  con 
las  consiguientes  inundaciones  en  la  ciudad  de  Buenos  Aires. 

El  7  de  septiembre  volvi6  a  apurecer  esta  perturbaci6n  por  el  borde  oriental ; 
el  9  del  mismo  se  not6  gran  actividad  en  el  volc&n  Descabezado  en  Mendoza 
(Repdblica  Argentina) ;  el  10,  un  terremoto  destruy6  la  region  de  Oaravali 
(Perd) ;  en  los  dfas  17  y  18,  furioso  temporal  en  Montevideo  y  el  20,  telegramas 
de  Parfs  informaban  que  fuertes  y  seguidas  lluvias,  interrumpfan  las  operaciones 
de  guerra. 

Entre  el  dfa  5  y  el  6  de  octubre  aparederon  por  el  borde  oriental  del 
Sol,  varias  reglones  faculosas  muy  notables  que  coincldieron  con  un  terremoto 
en  la  Martinica  el  5  y  otro  en  Asia  Menor  entre  el  6  y  7  del  mismo,  y  con  un 
cicl6n  en  Ootrone  (Italia)  el  12. 

Del  5  al  10  de  noviembre  observamos  manchas,  y  el  tiempo  fu6  malo  en 
general  en  el  Globo  habiendo  sido  afortunados  aquellos  observadores  que 
pudieron  observar  el  paso  de  Mercurio  con  la  atm6sfera  en  buen  estado. 

Del  10  al  12  de  diclembre  asf  como  del  18  al  20  del  mismo,  tuvieron  lugar 
otras  coincidencias  aunque  no  de  mucha  importanda.  Llega  el  81  y  termina 
el  aflo  con  la  tempestad  m&s  violenta  de  todas  las  observadas  en  su  transcurso. 
En  Montevideo  y  en  general  en  las  reglones  del  Plata,  se  desencaden6  una  furio- 
sa  tormenta  el^ctrica  y  grandes  granizadas.  Se  pudo  notar  que  las  truenos  y 
reldmpagos  fueron  sucedi^ndose  sin  interrupci6n  desde  la  tarde  del  30  a  la 
tarde  del  81. 

^La  fotograffa  8  es  la  reprodixcd6ii  del  mayor  dlbujo  aacado  en  ti  dfa  18  de  Juno 
a  3  h  T.  li.  A. 
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Esta  tempestad  fa6  ocaBionada  por  la  acci6n  de  una  region  actlva  solar 
que  obseryamos  desde  el  24. 

Del  90  al  31  de  dldembre  apareci6  por  el  borde  oriental  del  astro  una  gran 
perturbaci6n  conslstente  en  nn  gmpo  de  manchas  rodeadas  por  enormes  f&culas. 
Bncontr<}8e  sobre  el  meridiano  central  el  6  de  enero  de  1915. 

Oonslderablemente  transformada  se  present6  en  ese  dfa  bajo  el  aspecto  de 
dos  grandes  manchas.^  Los  aspectos  presentados  durante  ese  tlempo  demos- 
traron  que  era  una  perturbaddn  nueva  y  que  sus  camblos  no  eran  mils  que 
las  fases  de  su  formacl6n  que  a  su  vez  fn4  de  las  m&s  vlolentas  de  las 
observadas  dos  afios  atrAs. 

Ahora  bien:  telegramas  de  Europa  Informaron  que  vlolentas  tormentas  se 
desencadenaban  en  el  Yser  entorpedendo  casl  en  absoluto  las  operaclones  de 
guerra.    Esto  pasaba  del  3  al  6  de  enero. 

La  Reptibllca  Argentina  era  vfctlma  de  verdaderas  catdstrofes.  Bn  efecto; 
en  esos  mismos  dfas  se  produjeron  en  las  regiones  del  Sur  de  dlcha  Reptiblica 
tremendas  inundaclones  debidas  a  las  lluvlas  cafdas. 

Bn  ese  mlsmo  Intervalo  de  tlempo,  tuvo  lugar  una  furlosa  tempestad  en  las 
costas  del  Sur  de  Espafta  y  del  Norte  de  Africa. 

Notidas  de  Berlin  informaron  el  7,  que  en  la  regl6n  de  los  C&rpatoe  las 
tempestades  dificultaban  las  operadones  de  guerra. 

Bn  ese  mismo  dfa  tuvo  lugar  una  furiosa  granlzada  en  la  Argentina  y  lluvlas 
generales  en  el  Plata. 

La  tUtima  colnddenda  de  una  importancia  admirable,  hizo  repetir  el  caso 
del  9  de  mayo  del  afio  1914.  EH  13  de  enero  de  1915  Italia  y  el  mundo  entero 
tuvieron  que  lamentar  los  efectos  del  desastroso  terremoto  de  Avezzano. 

Desde  el  24  al  31  de  enero  se  observaron  grandes  fficulas  en  el  Sol ;  el  31  del 
mismo  apareci6  una  mancha  seguida  de  una  enorme  fdcula.  El  3  de  febrero 
se  vi6  otra  mancha.  Otras  aparederon  el  5  y  el  8 ;  el  Sol  presentaba  en  suma, 
dnco  perturbaciones  independientes  cuyas  tiltimas  observaciones  se  hideron 
el  15  de  febrero. 

En  ese  espado  de  tlempo,  es  dedr  del  24  de  enero  al  15  de  febrero,  hubo  una 
serie  de  f en6menos  importantes. 

En  el  departamento  de  Soriano  (Uruguay)  se  desencadend  un  temporal  furioso 
en  el  dla  25  de  enero. 

Noticias  de  Berlin  dedan,  que  las  operadones  de  guerra,  en  conjunto  eran 
Impedidas  por  los  temporales.  En  Italia  hubo  grandes  tormentas  de  nieve 
devastando  aldeas  entre  el  23  y  el  25  del  mismo  mes. 

Bn  el  dfa  27  hubo  una  gran  tormenta  en  Montevideo  y  aquf  mismo  otra  m&s 
furiosa  el  14  que  fu4  general  en  el  Plata  y  en  el  Sur  del  Brasil. 

Una  mancha  apared6  en  el  dfa  20  de  febrero  y  fu6  observada  hasta  el  dfa 
4  de  marzo.  Bn  ese  tlempo  se  Bnot6  en  el  Plata  la  temperatura  mfts  elevada 
despu^  de  1900. 

Oayeron  despu^  grandes  aguaceros  generales  en  el  Plata. 

El  25  hubo  temporales  en  Franda  y  en  Espafla.  Desde  esta  fecha  al  18  de 
marzo  tuvieron  lugar  otras  coinddendas;  entre  las  m&s  Importantes  fu6  la  de 
terremotos  en  varias  localidades  de  Italia  y  al  mismo  tlempo  en  la  Argentina 
entre  los  dfas  16  y  17  de  marzo. 

Bl  aspecto  de  la  superfide  solar  estuvo  muy  interesante  en  los  liltimos  dfas 
de  marzo  y  en  la  primera  semana  de  abrlL 

^  La  fotografte  4  es  la  reprodacddii  dti  dibujo  que  tacamoa  de  esaa  mancbaa  en  el  dfa 
0  de  enero  de  1916  a  6  k  T.  li.  A. 
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Un  gnipo  de  mauchas  *  y  de  grandes  f&culns  einpled  cast  tres  dfas  en  aparecer 
completamente  y  bus  efectos  no  se  dejaron  esperar  mucho.  En  efecto,  en  el  dfa 
5  de  abril  se  sintieron  fuertes  temblores  de  tierra  en  Avezzano  y  el  10  se  anotd 
en  las  regiones  del  Plata,  un  aguacero  con  grandes  manifestaclones  el^ctrlcaa. 

Entre  los  dfas  18  y  20  de  abril  se  forni6  una  gran  perturbaei6n  en  el  Sol 
3ue  pas6  el  meridlano  central  en  el  dfa  22.  El  20  reinaba  en  los  O&rpatos  un 
tiempo  tal  que  impedfa  la  batalla.  El  21  lloyl6  furiosamente  en  Mont^ideo  y 
en  general  en  la  region  del  Rfo  de  la  Plata.  Acompafi6  a  esta  lluvia  una  gran 
tormenta  el^ctrica.    En  ese  mismo  dfa  hubo  nuevos  temblores  en  Italia. 

En  el  dfa  24  se  observaron  en  el  Plata,  enormes  fulgores  hacia  el  S.  B.  y- 
rein<)  mal  tiempo  hasta  el  27.  El  26  hubo  un  violento  temblor  de  tierra  en 
Potenza.  El  27  violento  temblor  en  Espafia.  El  mismo  dfa,  un  horrible  tem- 
poral en  06rdoba  (Espalia) ;  tempestad  en  la  Argentina,  lluYias  torrendales 
en  la  Marti nica.  Llovi6  fuertemente  en  general  en  la  Am^ica  del  Sur;  el  2S> 
tuvo  lugar  otro  temblor  en  Italia  y  el  1"*  de  mayo  un  furioso  temporal  en  el 
Brasil. 

El  19  de  mayo  apareci6  una  perturbaci6n  por  el  borde  oriental  del  Sol  y  el 
21  aparecK)  en  ella  una  gran  mancha.  Se  transform^  esta  perturt>aci6n  de 
una  manera  notable  y  el  23  se  notaron  nueve  partes  distintas.  Entre  el  23  y 
el  24  otra  mancha  aparecl6  por  el  borde  oriental.  Este  conjunto  se  observe 
hasta  el  4  de  junio.  Anotdronse  terribles  temporales  en  el  Norte  de  Elspaiia 
del  21  al  22  de  mayo. 

Grandes  temporales  en  Chile  produdendo  Inundaciones  en  varias  localldades 
en  el  dta  2G.  Fuertes  lluvias  acompafiadas  de  tormenta  elfictrica  en  las  repi^ 
blicas  del  Plata  entre  el  29  y  el  30.  En  esos  mismos  dfas  hubo  tormentas  en  la 
region  del  Tirol  y  otra  en  Valparaiso. 

Despu^s  de  ese  intervalo,  se  registraron  en  la  Argentina  y  Uruguay  los  frfoa 
mfts  intensos  de  estos  tlltimos  afios  y  horribles  calores  en  Alemania  que  no  se 
observaron  desde  1847. 

Del  12  de  Junlo  nl  24  del  ralsnio,  se  observaron  ocho  perturbaciones  diferentes 
en  el  Sol. 

ReiQ6  tiempo  tormeutoso  del  20  al  23  en  Austria  e  Italia.  Hubo  temblores 
en  California  en  esos  mismos  dfas  y  lluvias  generales  en  las  regiones  del  Rfo 
de  la  Plata. 

Despu^s  de  esa  fecha,  hubo  otras  coincidencias  entre  los  dfas  14  y  21  de 
Julio.  Entre  los  m^  importantes  fueron:  un  temporal  extraordlnario  en  el 
Perd  y  en  algunas  regiones  de  Espafla  se  registry)  una  temperatura  de  46*  a 
la  sombra. 

Las  regiones  activas  del  Sol,  causantes  de  esos  fen6menos  desaparederon  por 
el  borde  occidental  del  astro  en  los  tiltimos  dfas  de  Julio.  En  esos  mismos  dfas 
aparecierou  otras  deformaciones  muy  violentas  que  observamos  hasta  el  9  de 
agosto.  En  la  primera  semana  de  ese  mes,  el  Sol  presentaba  dos  grandes  per- 
turbaciones.' Observamos  otras  aparecldas  en  los  dfas  9,  10,  15,  17,  18,  19, 
24  y  30.  Se  puede  ver  pues,  que  durante  el  mes  de  agosto  el  Sol  estuvo  en  un 
constante  estado  de  agitaci6n  que  puede  particularizarse.  Desgradadamente 
en  estas  6pocas  el  tel^grafo  estA  unicamente  al  servicio  de  las  noticlas  de 
guerra,  causa  por  la  cual  no  nos  fu^  posible  registrar  en  su  mayor  parte,  los 
ncontecimientos  que  admitimos  produddos.  No  obstante  pudimos  enterarnos  de 
los  siguientes  fenCmenos.    El  7  se  registry)  en  Roma  un  notable  movimlento 

^  La  fotograffa  5  es  la  reprodacci6n  de  un  dlbujo  de  su  aspecto  que  sacamoe  en  el  dia 
30  de  marzo  A  22  h.  T.  M.  A. 

>La  fotograffa  6  es  la  reproducci6n  del  dibujo  que  sacamos  del  aspecto  de  la  mAs 
pr«xima  al  borde  oriental  el  dfa  81  de  Jalio  de  1916  a  28  h  T.  M.  A. 
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sfismico  cuyo  ^icentro  fu6  el  mar  J6nico.  Siguieron  a  ^ste  otros  sacadimientos 
en  distlntos  dlas  hasta  el  14. 

El  17,  se  desencadend  en  Ferrara  (Italia)  un  forioso  temporal  de  granizo  el 
4iue  en  algunos  puntos  lleg6  a  cubrir  el  auelo  en  una  altura  de  clncuenta  centf- 
metros. 

En  esa  6poca  es  dedr  entre  el  17  y  el  18,  en  las  costas  de  Texas  se  desa- 
rroll6  un  clcl6n  cuya  violencia  fo6  causa  de  la  mnerte  de  400  personas.  Otro 
terrible  cicl6n  tuvo  lugar  en  el  Gran  Chaco  Argentino  en  el  dla  22. 

Nosotros  por  nuestra  parte  fuimos  testigos  de  fuertes  tormentas  el^ctricas  y 
de  furiosos  temporales  en  varios  dlas  del  mes.  Dede  el  16  al  20,  observamot 
la  repetici6n  de  un  fendmeno  que  llam6  notablemente  nuestra  atenci6n. 

La  atm6sfera  aparecfa  por  la  mafiana  en  estado  relatlvamente  puro.  Con- 
forme  el  Sol  ascendfa,  se  cargaba  de  brumas  extrafias  llegando  a  eso  de  1  hora 
T.  M.  A,  al  m&ximun. 

En  las  boras  vecinas  al  pasaje  del  Sol  por  el  meridiano,  observamos  en  las 
regiones  del  Norte,  ciertas  radiaciones  que  nos  costaba  trabajo  identiflcar  su 
naturaleza.  Parecfan  vaitorosas  y  se  dirlgfan  en  sentido  divergente  hacia  el  Sur. 
Observamos  este  aspecto  repetidas  veces  y  slempre  en  esas  horas.  Admitimos 
que  nos  encontramos  frente  a  un  fen6meno  de  causa  directamente  el^ctrica. 
Por  otra  parte  nuestra  atm6sfera  estuvo  en  esos  dfas  notablemente  extrafia. 

Al  entrar  en  septiembre,  nuestro  Sol  sigui6  obsequidndonos  con  regiones 
activas.  El  2  comprobamos  5  diferentes;  el  8  otra  mds.  Gomenz6  este 
mes  con  semejanza  al  de  agosto.    Sefialamos  una  tormenta  el^ctrica  el  4. 

Desde  ese  dfa  hasta  el  momento  de  escribir  estas  Ifneas,  las  regiones  del 
Plata  est&n  sufriendo  Uuvias  generales  habiendo  tenido  ^tas  por  comienzos 
extraordinarias  manifestaciones  el^ctrlcas  y  granizadas. 

Al  mismo  tiempo  tenemos  noticlas  de  que  en  varias  localidades  de  Italia  se 
ban  desencadenado  furiosos  temporales  ocasionando  grandes  inundaciones. 

Ck)n  este  fen6meno  conclufmos  esta  revlsta  de  hechos  que  muy  como  es  de 
suponerse  no  es  completa.  Las  noticias  de  estas  clases  de  fen^menos  no  llegan 
siempre.  Los  diarlos  insertan  las  noticias  de  estos  fen6menos  como  cosa 
secundaria,  para  Uenar  los  huecos,  si  se  quiere.  Y  como  de  ellos  nos  servimos, 
be  aquf  que  muchas,  pero  muchas  coincldencias  no  ban  sido  conocidas  por 
nosotros.  Sentimos  considerablemente  esta  p^dida,  pero  admitimos  que  otros 
se  habrdn  encargado  de  un  modo  mds  acertado  y  que  podr&n  cooperar  para 
el  triunfo  de  la  teoria  beliometeorol6gica. 

(0  Del  desarrollo  de  la  acci6n  de  las  perturbaciones  solares  sobre  la  Tierra. 

Pnra  responder  a  esta  cuesti6n  habrd  que  conocer  en  primer  lugar,  la 
▼elocidad  del  desarrollo  de  la  acci6n  el^ctrica.  Sobre  este  punto,  la  Ciencia 
no  tiene  aun  respuesta  definitiva. 

Segdn  sea  la  naturaleza  de  las  vibraciones  que  producen  las  cargas,  se 
podrd  investigar  el  tiempo  de  su  trayecto. 

Si  se  tratara  de  la  acci6n  directa  de  la  luz,  fen6meno  electromagn^tico,  la 
acci6n  tendria  lugar  a  los  8  minutes  y  segundos  despu^  de  su  expulsi6n  de 
la  atm6sfera  solar  y  si  se  trata  de  corpdsculos,  Arrhenius  ha  hallado  un  in- 
tervalo  de  46  boras. 

Siendo  estas  cuestiones  muy  obscuras  todavfa,  nos  limitaremos  a  dar  nuestro 
parecer,  basado  en  los  hecbos  que  hemes  podido  comprobar. 

Admitimos  como  intervale  medio,  un  tiempo  comprendido  entre  0  horas  y 
48  horas  despu^  de  la  partida  del  globo  solar. 

En  cuanto  a  la  dpoca  que  mds  actde  una  perturbaci6n  sobre  la  Tierra,  puede 
darse  como  el  momento  inicial,  el  momento  de  la  aparici6n  de  la  regl6n  actlva 
por  el  horde  oriental  del  Astro.     A  partir  de  ese  momento,  la  perturbaci6n 
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mct&B,  dlrectamente  sobre  Us  altas  capas  de  nneBtra  atiii<38fora.  Al  prindpio 
serftn  dalles  cargas,  dada  la  poaiddn  de  la  regi6n  actlva  cerca  del  borde  del 
disco.  A  medida  que  por  la  rotaddn  del  Astro,  se  acerca  hacla  el  merldiano 
central,  su  accl6n  crecerA  en  vlrtud  de  venlr  a  colocarse  cada  vez  m&a  normal- 
mente  a  nuestro  Qlobo,  si  cabe  la  expresldn. 

Una  vez  allf,  sin  dnda  algnna  se  hallard  en  el  momento  m&s  propldo  para 
que  SOS  cargas  el^ctrlcas  llegoen  con  las  mayores  magnitudes.  Despu^  de  esa 
^;x)ca,  la  pertiirbaci6n  acerc&ndose  al  borde  occidental,  hard  que  su  acci6n  de- 
crezca  relatlvamente  para  terminar  de  acclonar  cuando  pase  al  hemisferlo 
invisible. 

En  ese  espado  de  tiempo,  es  dedr  en  los  catorce  dfas  casi  que  permaneoe 
visible  para  nosotros,  es  pues  cuando  deben  esperarse  sus  efectos  sobre  el  Globo. 

La  aparici6n  por  el  borde  oriental,  es  causa  de  una  sobrecarga  que  a  los 
pocos  dfas  habiendo  tornado  un  potenclal  elevado,  puede  hacer  romper  el  eqaili- 
brio  de  nuestra  electriddad,  lo  que  se  traduce  al  prindpio  generalmente  por  un 
aumento  de  temperatura  sea  cual  fuere  la  estad6n  local  y  luego  por  los  meteoros 
de  que  hemos  dado  cuenta. 

El  pasaje  por  el  merldiano  central  del  Astro,  es  causa  de  una  sobrecarga 
acelerada  y  por  fin  la  Ida  al  otro  hemisferlo  es  causa  de  cese  de  acd6n  que  tarn- 
bidn  influye  para  romper  el  equilibrio  de  las  cargas  ya  neutralizadas. 

Ahora,  notaremos  que  no  todas  las  perturbaciones  que  se  observen,  deben  ser 
tomadas  como  poderosos  motives  de  electrizaddn.  Se  elegir&  preferentemente 
las  que  den  prueba  de  violenda  notable  ya  sea  en  su  formaci6n  o  en  su  ex- 
tind6n. 


THE  CALLENDAB  SUNSHINE  RECORDER  AND  SOME  OF  THE 
WORLD-WIDE  PROBLEMS  TO  WHICH  THIS  INSTRUMENT  CAN 
BE  APPUED. 

By  A.  B.  DOUGLASS, 
Profe99or  of  Phff9io$  and  Aitronomy,  UniverH^y  of  Arieona,  Tuctofi. 

Since  all  mechanical  energy  has  had  its  origin  in  the  sun  and  has  come  to  us 
in  the  form  of  radiation,  and  since  this  same  radiation  supplies  the  energy 
which  keeps  our  atmosphere  in  constant  motion,  produces  our  winds,  evaporates 
the  ocean  water  for  our  rains,  gives  us  our  warm  climate  for  orchard  and  field, 
its  minute  study  and  accurate  record  will  present  ever-increasing  importance. 
Not  only  should  we  be  able  to  gauge  and  measure  the  great  source  of  our  supply 
of  energy,  the  sun,  but  we  should  learn  something  of  its  variations,  which 
perhaps  will  give  us  a  far  deeper  insight  into  weather  and  climatic  variations 
and  assist  in  their  prediction — a  matter  of  the  utmost  value.  Whether,  there- 
fore, it  is  from  an  industrial  or  an  agricultural  point  of  view  that  we  consider 
the  future  prosperity  of  our  nations,  long  continued  records  of  solar  energy  will 
perhaps  in  their  final  use  be  unsurpassed  in  value  by  any  other  form  of  record. 

To  get  results  of  cosmic  value  these  records  should  have  a  wide  distribution 
in  latitude,  and  therefore  the  present  occasion,  invoking  cooperation  between 
the  Republics  of  the  New  World,  whose  interest  in  sdence  is  recognized  by  all, 
seems  especially  o];H[K)rtune  for  presenting  practical  experience  with  an  instru- 
ment which  Will  produce  such  records  and  some  suggestions  of  the  problems  to 
which  such  an  instrument  can  be  applied. 
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THE  PBOBLBM    INVOLVED   IN    THE   PRESENT   WORK. 

The  unusual  excellence  of  the  climate  of  Southern  Arizona,  both  for  astro- 
nomical work  at  night  and  for  solar  worl^  by  day,  was  long  ago  recognized  by 
the  writer.  He  also  isnew  from  living  in  Mexico  and  on  the  west  coast  of 
South  America  (Arequipa)  the  superb  conditions  prevailing  over  an  immense 
extent  of  the  western  continents.  During  a  long  residence  in  Arizona  he  had 
devised  and  applied  a  plan  for  estimating  some  meteorological  data  from  the 
growth  of  trees.  There  seemed  to  be  a  relation,  not  yet  wholly  worked  out, 
between  tree  growth,  some  weather  elements,  and  solar  activity.  It  seemed, 
therefore,  most  desirable  to  institute  in  this  location  and  continue  some  records 
of  solar  activity.  But  there  were  great  restrictions  in  the  matter  of  time  which 
could  be  given  to  such  work.  The  usual  pyroheliometer  method  of  testing  for  the 
transparency  of  the  air  and  the  intensity  of  solar  radiation  requires  at  least 
two  observations  on  the  sun  at  different  altitudes  and  absorbs  at  least  an  hour 
or  two  of  time  per  day.  The  problem,  therefore,  was  to  find  at  minimum  cost 
of  time  and  money  a  method  of  keeping  a  permanent  record,  whose  reduction 
to  tabular  form  could  be  done  in  some  mechanical  way  by  a  clerk  when  subse- 
quent opportunity  offered  and  whose  results  would  have  a  tangible  value. 

PUBCHASE  AND   INSTALLATION. 

In  1908  a  fund  of  $10,000  was  given  to  the  University  of  Arizona  by  Dr. 
James  Douglas,  of  New  York  City,  the  Income  from  which  was  to  be  expended 
for  instruments  of  precision  for  use  in  connection  with  the  School  of  Mines. 
With  the  approval  of  the  late  Dr.  W.  P.  Blake,  who  took  great  interest  in  this 
line  of  investigation,  it  was  decided  to  purchase  some  instrument  which  would 
measure  the  energy  of  the  sun,  such  data  seeming  to  be  especially  desirable  in 
an  arid  climate  where  the  sunshine  occupies  a  large  part  of  the  daylight  hours. 
In  1910  the  writer,  traveling  abroad,  was  unable  to  find  Just  the  instrument 
desired.  Apparatus  by  which  occasional  measures  could  be  made  were  avail- 
able, such  as  the  "Angstrom  pyrheliometer,"  and  it  was  thought  possible  that 
this  might  serve  the  purpose,  but  in  order  to  have  the  records  continuous  with- 
out constant  attention  from  some  assistant — conditions  often  involved  in  the 
use  of  research  instruments  at  a  university — it  was  deemed  best  to  get  some 
form  of  recording  mechanism  such  as  the  Callendar  Sunshine  Receiver  with 
its  recorder.  Acting,  however,  on  the  advice  of  those  who  had  had  experience 
with  the  Callendar  recorder,  it  was  decided  to  use  a  Leeds  &  Northrup  record- 
ing galvanometer  in  place  of  the  foreign  instrument,  because  all  instruments 
of  this  type  require  minute  attention  and  often  repahrs  which  are  more  readily 
obtained  from  a  near-by  maker.  In  order  to  get  other  advantages  out  of  this 
recording  mechanism,  it  was  decided  to  have  its  power  of  making  a  record 
include  several  different  ranges  of  temperature,  as  well  as  the  sunshine  record, 
and  to  obtain  with  it  a  platinum  resistance  thermometer.  These  extras  added 
to  the  price,  but  have  not  as  yet  been  used. 

The  cost  of  the  Sunshine  receiver  bulb  was  about  $110.  The  cost  of  the 
recorder  without  its  extra  ranges  and  thermometer  was  about  $250.  Unfor- 
tunately, in  transportation  the  bulb  was  broken  and  a  long  delay  ensued  before 
it  could  be  replaced.  It  was,  therefore,  in  the  autumn  of  1913  that  the  bulb  was 
finally  placed  in  its  present  position,  and  the  recorder  set  up  and  the  instrument 
put  in  operation.  Instruments  of  this  kind  should  always  be  carefully  insured 
for  transportation. 
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LOCATIOK. 

The  University  of  Arizona  is  located  at  Tucson,  Ariz.,  at  an  altitude  of  2,400 
feet  above  the  sea,  in  longitude  6  hours  23  minutes  50  seconds  west  and 
latitude  32  degrees  13  minutes  north.  The  climate  is  arid,  the  average  rainfall 
per  year  being  between  12  and  13  inches.  The  mean  temperature  is  liigh,  giving 
extremely  warm  summers  and  very  mild  winters,  with  only  rarely  a  trace  at 
snow.  The  city  is  in  a  large  flat  valley,  or  "bolson,"  30  or  40  miles  across,  and 
mostly  limited  by  mountain  ranges  of  1,000  to  6,000  feet  height  al>ove  the  vall^r 
bottom.  The  winds  are  slight,  with  very  rarely  a  strong  gale,  which  blows 
up  the  dust  from  the  river  bottom,  about  a  mile  distant 

The  sensitive  bulb  is  located  on  the  top  of  the  science  building,  about  55  feet 
from  the  ground.  It  is  surrounded  by  a  box  whose  open  top  is  horizontal  and 
exactly  in  line  with  the  horizontal  sensitive  >vires  within  the  bulb.  The  sides 
of  this  box  are  about  10  inches  away  from  the  bulb.  The  purpose  of  this  box 
is  to  make  the  background  below  the  bulb  as  homogenous  as  possible  under  all 
conditions.  It  is  realized  that  some  radiation  will  reach  the  wires  from  below 
their  surface.  If  this  radiation  comes  from  the  ground  it  may  be  changed  bj 
vegetation,  hence  the  unpainted  wooden  box  has  remained  to  supply  this  con- 
stant background  since  the  instrument  was  mounted.  If  one  sights  across  the 
edge  of  this  box  and  the  sensitive  wires  it  is  readily  seen  that  all  our  horizon 
of  mountains  rises  slightly  above  the  true  horizon  of  the  Sunshine  receiver. 

The  three  wires  from  the  bulb  are  carried  through  a  lead  pipe,  then  soldered 
to  long  wires  that  reach  downstairs,  which  are  carried  first  In  a  fiber  tube  and 
then  in  an  iron  pipe.  Through  a  part  of  the  tube  an  electric-light  wire,  carry- 
ing 110  volts,  passes.  However,  tests  of  currents  running  through  this  wire 
have  failed  to  produce  any  effect  whatever  upon  the  recorder,  and  as  this  wire 
is  only  rarely  used  it  Is  not  considered  to  interfere  with  the  operation  of  the 
mechanism.  The  recorder  itself  is  placed  in  the  basement,  in  a  room  on  tlie 
south  side,  but  as  far  from  the  window  as  possible,  and  by  thermograph  records 
its  temperature  change  has  been  found  to  be  very  slight  indeed. 

CHABACTEB    AND    OPERATION    OF    INSTBUMENT. 

The  Callendar  sunshine  receiver  consists  of  a  glass  bulb,  4  indies  in  diam- 
eter, with  a  vacuum  inside.  The  top  part  is  hemispherical  and  the  lower  part 
is  an  inverted  cone.  At  the  base  of  the  hemisphere  are  four  horizontal  grids  or 
squares  of  platinum  wire,  each  1  inch  square,  two  of  them  at  opposite  comers 
being  covered  with  white  transparent  varnish  and  the  other  two  l>eing  covered 
with  black  varnish.  The  black  varnish  absorl>s  more  heat  from  the  sun  than  the 
white,  and  its  temperature  rises  more  than  does  the  other.  A  neutral  wire 
comes  up  from  the  recorder  and  is  attached  to  both  black  and  white  wires. 
Two  wires  return  down  to  the  recorder — one  from  the  black  and  the  other  from 
the  white  platinum  wires.  These  are  so  Joined  at  the  recorder  that  the  two 
sets,  one  of  white  wire  and  the  other  of  black  wire,  form  two  branches  of  t 
Wheatstone  bridge.  When  their  temperatures  are  the  same  their  resistances 
are  the  same.  The  radiant  energy  from  the  sun  passes  throufi^  and  warmi 
both  wires ;  the  blackened  wire,  however,  absorbs  more  heat  and  rises  more  ia 
temperature  and  disturbs  the  equilibrium  of  the  bridge.  This  throws  the 
galvanometer  out  of  center.  The  galvanometer  pointer  is  an  aluminum  needle^ 
2  inches  long,  extending  out  beneath  two  Jaws,  which  close  upon  it  at  r^ultr 
intervals  of  about  four  seconds.  These  two  Jaws,  one  on  the  right  and  one 
on  the  left,  have  a  slight  space  between  them,  so  that  if  the  pointer  is  in  the 
•exact  center  the  Jaws  are  not  affected.    If,  however,  the  pointer  is  to  one  side 
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of  the  center,  one  or  the  other  of  thcpe  Jaws  is  pushed  out  of  place,  and,  bj 
means  of  a  system  of  levers.  Its  displacement  is  communicated  to  a  drum  which 
carries  the  other  two  branches  of  the  Wheatstone  bridge  and  causes  this  drum 
to  revolve  in  a  direction  which  tends  to  restore  the  balance  of  the  bridge.  Tlie 
motive  power  which  keeps  the  Jaws  in  motion  and  which  moves  the  drum  is 
supplied  by  a  motor  running  on  the  lighting  circuit  At  the  same  time  as 
doing  these  operations  the  motor  moves  the  pen  across  the  recording  sheet,  so 
that  the  position  of  the  pen  indicates  the  compensation  resistance  that  has 
been  placed  in  the  two  branches  of  the  bridge  in  the  recorder  in  order  to  equalise 
change  of  resistance  in  the  grids  of  the  receiving  bulb  upon  the  roof.  The 
motion  of  the  pen  is  proportional  to  differential  temperatures  in  the  receiver 
and  may  be  perfectly  calibrated. 

DIFFICULTIES    IN    MAIflPULATION. 

Any  recording  galvanometer  which  automatically  restores  the  balance  of  the 
Wheatstone  bridge  must  necessarily  be  a  complicated  instrument  and  require 
considerable  attention,  especially  when  the  variations  in  currents  dealt  with 
are  as  extremely  small  as  in  the  pre:sent  case.  Add  to  that  the  fact  that  the 
instrument  is  working  in  a  very  dry  climate,  where  all  celluloid  and  hard 
rubber  materials  are  liable  to  change  shape  through  seasoning,  and  one  is 
therefore  not  surprised  that  the  first  difiiculty  was  sufficient  change  in  shape  of 
the  drum  carrying  the  resistance  wires  to  throw  the  contact  off  the  wire,  nor 
that  the  second  difficulty  was  the  drying  of  ink  at  the  point  of  the  pen  and 
stopping  the  record.  An  instrument  of  this  sort  should  be  supplied  with  a  large 
ink  reservoir,  so  that  the  pen  will  not  require  attention  oftener  than  once  a 
week.  If  the  i)oint  is  very  small,  so  as  to  save  the  ink,  it  readily  dries.  This, 
therefore,  is  a  feature  which  may  need  furtlier  experimentation.  It  was  found 
that  the  holes  along  the  margin  of  the  record  sheet  did  not  always  fit  the 
pins  at  the  end  of  the  drum  upon  which  the  record  sheet  turns,  and  this  was 
considered  sometimes  to  be  due  to  the  drying  out  of  the  paper  itself.  Our  cur- 
rent was  found  to  be  variable,  probably  unusually  so,  and  on  a  few  occasions  it 
rose  high  enough  to  break  the  centrifugal  governor  which  controls  the  speed  of 
the  machine,  and  even  twice  broke  the  suspension  of  the  galvanometer.  That, 
however,  is  a  local  condition  which  probably  would  not  exist  in  a  large  city. 
It  was  not  considered  worth  while  to  get  a  set  of  storage  batteries  to  run  this 
machine,  because  they  would  require  so  much  extra  attention  and  responsibility 
on  their  own  account  Trouble  was  found  in  the  wearing  of  the  contact  on 
the  centrifugal  governor,  but  this,  so  the  makers  assert,  will  be  corrected  in 
later  models  of  the  recorders,  and  it  is  probable  that  then  one  platinum  point 
will  outlast  five  or  six  in  the  present  experience. 

A  more  troublesome  deterioration  was  the  wearing  of  the  motor.  It  is  a 
very  great  tax  on  any  motor  to  run  continuously  night  and  day.  Even  with 
considerable  care  in  oiling,  the  motor  was  made  to  last  a  little  less  than  two 
years,  but  for  at  least  six  months  of  that  time  it  would  have  been  better 
economy  to  purchase  a  new  motor.  Ck>nsidering  that  the  minimum  time  during 
which  records  of  this  kind  should  be  obtained  in  any  one  locality  is  in  the 
neighborhood  of  12  years,  so  as  to  cover  the  possible  variations  of  the  sun-spot 
period,  it  would  seem  advisable  at  the  outset  to  provide  a  mechanism  with  a 
large  outside  driving  gear  and  a  good  pendulum  regulator,  and  an  automatic 
winding  arrangement  with  large  parts  to  the  driving  mechanism,  which  would 
not  be  likely  to  wear  out  from  time  to  time  and  would  be  easier  to  get  at  for 
oiling  and  other  purposes.  Measures  were  made  of  the  actual  amount  of 
jwwer  involved  in  turning  this  mechanism,  in  order  to  see  how  great  an  out- 
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Bide  drivlDg  weight  would  be  necessary.  These  tests  were  made  of  the  maxl- 
mom  resistance  that  was  introduced  in  large  and  rapid  adjustments  of  tbe 
pen,  and  then  this  power  was  tripled.  The  final  result  was  found  to  be  only 
200  foot-pounds  per  hour,  or  somewhat  under  90  kilogram  meters  per  hour. 

Unexpected  difficulty  was  encountered  when  the  instrument  was  left  in  tbe 
hands  of  an  assistant  to  be  looked  after  for  a  few  weeks.  In  putting  on  a 
dry  cell  to  supply  the  current  that  goes  through  the  receiving  bulb  tbe  poles 
were  reversed,  and  no  amount  of  investigation  by  the  assistants  and  by  others 
called  in  at  the  time  was  able  to  find  the  difficulty,  and  some  considerable  time 
was  lost  Other  defects  also  deserve  attention,  namely,  reflections  of  sunlight 
within  the  glass  globe  of  the  receiver  and  a  possible  effect  due  to  orientation 
of  the  resistance  wires  within  the  receiver,  making  the  daily  record  non- 
symmetrical. Both  of  these  features  have  been  noted  by  Mr.  E.  R  Miller,  of 
Madison,  Wis.,  and  published  by  him.  ("Internal  reflection  as  a  source  of 
error  in  the  Callendar  bolometric  sunshine  receiver.  Monthly  Weather  Re- 
view, 43,  264,  June,  1915.) 

TIME    SIGNALS. 

During  the  long  experience  with  this  instrument  the  motor  was  found  to 
run  at  irregular  speeds  when  the  current  was  variable  or  when  the  lubrication 
was  imperfect,  or,  as  in  one  case,  when  the  spiral  spring  of  the  governor 
caught  itself  slightly,  thus  changing  its  tension.  Furthermore,  when  an 
accident  happened  to  the  governor,  or  for  any  reason  the  current  stopped,  the 
time  of  this  accident  was  sometimes  hard  to  determine.  The  writer,  there- 
fore, added  connections  to  a  large  clock  in  an  adjoining  room.  These  con- 
necting wires  short-circuited,  one  of  them  the  black  wires  on  the  roof  and 
the  others  the  white  wires  on  the  roof,  through  resistance  of  about  2,000  obms, 
on  the  even  hour  and  the  even  half  hour  of  the  clock.  The  result  of  this  was 
to  displace  the  pen  strongly  for  a  few  seconds  upward  on  the  even  hour  and 
downward  on  the  even  half  hour.  This  method  of  introducing  time  signals 
gave  a  very  satisfactory  check  upon  the  rate  of  the  governor,  but  another 
effect  of  it  was  found  to  be  of  even  greater  importance  than  that,  namely,  In 
establishing  a  continuous  record  of  the  sensitiveness  of  the  instrument  It 
was  found  that  when  the  battery  gets  weak  the  recorder  will  not  adapt  itself 
to  change  of  resistances  as  completely  and  as  rapidly  as  before.  A  slight 
bending  of  the  galvanometer  pointer  or  a  slight  wearing  of  some  of  the  eccen- 
trics which  move  the  Jaws,  above  referred  to,  reduce  the  sensitiveness  of  the 
instrument  also.  Since  these  two  time  displacements  act  In  opposite  directions^ 
the  effort  of  the  instrument  to  return  to  a  center  between  them  shows  exactly 
how  close  to  Its  true  position  the  instrument  can  move  the  pen,  which  gives 
at  once  the  accuracy  of  the  record  and  the  correction  to  the  true  place  of 
the  pen. 

When  this  sensitiveness  is  not  known  it  is  evident  that  the  noon  displace- 
ment of  the  pen  may  not  be  as  high  as  it  should  be,  and  the  pen  may  not  rise 
in  the  morning  or  descend  in  the  afternoon  as  soon  as  it  should.  There  may 
be,  therefore,  at  midday  a  lessening  of  the  recorded  amount  of  insolation  and 
a  slight  displacement  of  the  maximum  toward  a  postmeridian  position;  but 
with  this  method  of  showing  the  sensitiveness  the  curve  throughout  the  day 
may  be  traced  with  great  accuracy. 

STANDABDIZING  OB  CAUBRATION  OF  0UBVB8. 

For  the  purpose  of  standardizing  the  results  obtained  on  the  record  sheets 
and  for  calibrating  the  different  parts  of  the  record,  a  Smithsonian  silver  disk 
pyrheliometer,  standardized  at  the  Smithsonian  Astrophysical  Observatory, 
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purchased ;  It  is  No.  16  on  their  list  (See  Smithsonian  Pyrheliometry  Revised ; 
Smiths.  Misc.  Ck)ll.  60  No.  18,  1913.)  Occasional  observations  with  this  instru- 
ment with  the  sun  at  high  and  low  elevation  serve  to  give  a  definite  value  to 
the  curves  obtained.  In  addition  to  this  all  resistences  have  been  carefully 
measured  at  a  known  temperature  and  the  bulb  on  the  roof  is  watched  with 
reference  to  any  change  in  its  external  conditions. 

ADMINISTRATIVE  CONDITIONS. 

The  institution  in  which  this  recorder  has  been  maintained  is  not  a  research 
institution,  but  an  educational  one.  There  is,  therefore,  no  time  for  an  assistant 
to  examine  and  experiment  with  mechanism  of  this  sort  The  work  of  the  in- 
strument must  be  almost  altogether  automatic  and  require  a  minimum  amount 
of  attention.  It  is  estimated  that  the  expense  of  reductions  will  not  take  much 
time  of  a  clerk,  especially  if  it  is  found  that  the  rate  of  the  clockwork  of  the 
mechanism  has  remained  constant.  Nearly  every  university  has  some  one  who 
is  taking  meteorological  records — usually  one-half  hour  of  his  time  per  day,  or, 
if  the  suggestions  given  herewith  are  followed  out,  perhaps  one-half  hour 
per  week  would  be  sufficient  to  keep  the  machine  running. 

BECOMMENDATIONB. 

This  recording  machine  was  designed  by  the  makers  for  scientific  work  when 
accurate  high  temperature  records  for  short  Intervals  were  needed,  and  for  in- 
dustrial purpose  In  which  there  would  be  from  time  to  time  an  opportunity 
for  repairs.  In  the  present  case  we  are  adapting  it  to  continuous  running  night 
and  day  for  12  years  at  least  To  get  the  best  results  we  would  be  guided  by 
the  following  recommendations  in  making  another  purchase : 

1.  Dispense  with  the  motor  and  use  an  outside  heavy  driving  gear,  with 
automatic  winding,  regulated  by  a  pendulum  clock  whose  error  may  be  noted. 
The  accurate  rate  of  the  Instrument  is  not  so  Important  for  Industrial  purposes, 
but  for  meteorological  purposes  will  vastly  reduce  the  labor  of  reducing  the 
records. 

2.  Introduce  the  time  signals  as  above  described  In  order  to  give  the  sensi- 
tiveness of  the  Instrument. 

3.  Arrange,  If  possible,  for  a  large  reservoir  pen  and  also  for  a  holder  for 
the  pen  in  which  the  height  of  the  Ink  may  be  seen  at  any  time.  Several  extra 
pens  should  always  be  on  hand. 

4.  If  the  paper  has  a  tendency  to  cling  to  the  drum,  thus  twisting  sideways 
and  lifting  the  pen  off  the  paper,  place  a  sheet  of  paper  about  the  drum  so 
as  to  raise  the  record  sheet  slightly. 

5.  If  the  motor  and  governor  supplied  with  the  recorder  are  used,  it  is 
advisable  to  keep  an  extra  motor  on  hand,  purchasing  it  at  or  near  the  outset 
With  this  motor  should  be  an  extra  worm  gear  also  and  extra  contacts. 

6.  If  lighting  circuit  Is  not  available,  storage  batteries  may  be  used  to  run 
the  motor  or  a  heavy  weight  could  be  arranged  to  be  wound  dally  for  running 
the  mechanism. 

7.  The  dry  cell  or  storage  cell,  which  sends  a  current  through  the  receiver 
wires,  should  be  attached  to  posts  so  labeled  that  no  one  will  reverse  the  poles. 

8.  The  pen  can  be  filled,  dally  memoranda  made,  sheets  changed,  and  work  of 
that  character  done  by  an  assistant  or  clerk,  but  there  should  be  at  hand  some- 
one skilled  in  electrical  instruments  for  the  detection  of  occasional  difficulties. 
This  makes  the  instrument  especially  well  adapted  for  emplacement  at  edu- 
cational Institutions  or  in  government  central  research  stations  such  as  weather 
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bureaus.  At  the  former,  however,  the  sumnier  Tacation  may  offer  a  difficulty. 
The  a88istant*8  work  can  be  obtained  but  the  expert  may  not  be  th^re.  Xtils. 
however,  can  usually  be  anticipated  in  some  way.  • 

9.  Besides  the  additional  parts  to  the  recorder  do  not  omit  a  standjurtdized 
pyrheliometer  for  correcting  the  results. 

SIGNIFICANCE    OT    CXJKVES    OBTAINED. 

The  curves  obtained  in  this  instrument  give  the  amount  of  enorgy  reoetvect 
on  a  horizontal  surface  of  unit  area  in  unit  time.    The  diaracter  of  the  enersj 
received  is  that  absorbed  by  a  black  body  in  the  form  of  heat    The  instrument 
does  not  differentiate  between  the  energy  in  different  colors,  and  therefore  if  It 
is  standardized  in  one  condition  of  the  atmocq[)here,  in  some  other  condition  a 
slight  error  might  be  introduced  due  to  the  varying  energies  in  different  parts 
of  the  fq>ectrum.    Nor  does  this  Instrument  give  any  measure  of  the  actinic 
energy  of  the  sun  or  the  specialized  form  of  energy  which  causes  physiologfcat 
changes*  in  plants.    The  writer  has  outlined  but  not  yet  put  into  operation  a 
photographic  method  of  keeping  continuous  record  of  the  actinic  energy  re- 
ceived on  a  flat  surface.    Dr.  H.  A.  Spoehr,  of  the  Desert  Botanical  Laboratory, 
Tucson,  uses  for  his  tests  on  the  chemical  energies  of  the  sun's  rays -a  mixture 
of  oxalic  acid  and  uranium  acetate.    After  a  certain  number  of  hours*  exposure 
the  amount  of  unchanged  oxalic  acid  may  be  measured.    He  is  planning,  bow- 
ever,  to  supersede  this  method  by  an  improved  process. 

BECORDS   OBTAINED   AT   TUCSON. 

Continuous  records  began  on  October  6,  1913,  and  have  continued  to  tlie 
present  time  with  the  exceptions  noted  below.    In  December,  1913,  the  motor 
needed  repairs  and  was  taken  off  for  some  time.    Every  day  except  one,  how^ 
ever,  the  instrument  was  turned  by  hand,  so  that  some  records  were  obtained. 
In  the  summer  of  1915,  during  the  absence  of  the  writer,  the  instrument  was. 
left  in  charge  of  an  assistant,  who,  on  leaving,  placed  it  in  charge  of  anotho'. 
In  this  way  70  days  were  totally  lost    Only  three  others  have  been  lost  out  of 
the  total  of  756  from  October  6,  1913,  to  October  31,  1915.    Of  the  683  days  on 
which  some  records  were  obtained,  490  complete  records  have  been  obtained,  or 
72  per  cent;  161  partly  defective  records,  or  24  per  cent;  32  days  with  only 
isolated  settings  by  hand,  or  less  than  5  per  cent.    During  the  same  interval 
827  days  have  been  noted  as  clear  or  very  nearly  so,  or  48  per  cent;  300  half 
cloudy,  or  44  per  cent;  and  only  55  wholly  cloudy  or  nearly  so,  or  8  per  cent. 
Out  of  the  683  records  it  is  estimated  that  420,  or  61.5  per  cent,  are  likely  to 
be  available  for  determining  the  transparency  of  the  air  and  therefore  the 
approximate  solar  radiation.    In  considering  this  report  it  should  be  remem^ 
bered  that  this  use  of  the  Instrument  is  comparatively  new,  that  no  funds  have 
been  paid  for  the  labor  of  keeping  the  instrument  running,  and  that  with  the 
suggestions  made  above  there  is  no  necessity  for  any  important  loss  of  time. 

PBOBUCMS  FOB  WHICH  THE  BBOOBDS   MAT  BE  USED. 

1.  Industrial  purposes, — ^The  dally  curve  may  be  read  off  in  horsepower,  per 
square  yard  or  per  square  meter,  per  eight-hour  day,  which  reaches  a  horizontal 
surface.  This  in  turn  may  be  interpreted  in  units  of  heat  for  running  a  motor 
or  engine  of  any  kind.  It  is  true  that  this  application  looks  far  into  the  future, 
for  at  present  no  motor  or  engine  using  solar  energy  directly  is  in  completely 
successful  operation,  but  when  genius  or  necessity  gives  us  some  method  of 
conserving  solar  energy  these  solar  records  will  have  as  great  value  as  the- 
records  of  flow  of  water  in  streams  designed  for  water  power.  Xn  order  to. 
give  an  idea  of  the  enormous  amounts  of  energy  which  are  being  received  fronv 
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tbe  sun,  it  is  only  necessary  to  quote  a  brief  calculation  in  regard  to  the  five 
square  miles  covering  the  city  of  Tucson.  The  amount  of  energy  received  on 
this  area  on  the  average  of  an  eight-hour  day  is  so  great  that  if  it  could  be 
turned  into  electricity  without  loss  and  sold  at  the  rate  which  we  pay  for  elec- 
tricity in  our  electric  lights  it  would  bring  more  than  $1,000,000  per  day. 

Many  attempts  have  been  made  to  make  solar  engines,  of  which  the  two  most 
noteworthy  are  the  movable  and  stationary  mhrror  type.  The  movable  mirror 
Is  usually  made  in  the  form  of  a  paraboloid  with  the  boiler  in  the  center.  This 
imraboloid  is  mounted  on  a  equatorial  axis  which  ke^s  the  mirror  facing  the 
sun.  Machines  of  this  type  have  not  been  commercially  successful  because  they 
require  too  much  expert  attention  and  are  injured  by  the  wind.  The  other 
form  is  stationary  and  consists  usually  of  flat,  shallow  boilers  arranged  in  tiers 
so  that  the  hot  water  of  one  goes  into  another  where  the  water  is  still  hotter. 
This  has  been  put  in  fairly  successful  operation  by  a  Philadelphia  company. 
It  should  be  said  also  that  solar  heaters  (manufactured  by  a  Los  Angeles 
company)  are  successfully  used  here  in  the  Southwest  where  the  hours  of 
sunshine  are  very  great.  Reference  should  be  made  in  this  connection  to  the 
solar  heater  and  cooker  that  is  being  constructed  by  Prof.  C.  G.  Abbott,  of  the 
Smithsonian  Astrophysical  Observatory,  at  his  house  on  Mount  Wilson,  Gal. 


Imolatlop  iflM  on  a  horizontal  sorfaoe  for  different  percentage  of  air  transmission,  as  shown  in  shape 
of  record  onrve  above,  noon  heights  of  all  oorves  being  made  eqnaL 

2.  Solar  radiation  and  plant  life.— The  number  of  heat  units  received  on 
a  flat  surface  is  being  Investigated  at  the  Desert  Laboratory,  Tucson.  This 
work  is  being  done  by  Dr.  Spoehr,  already  mentioned  in  connection  with  his 
studies  of  the  value  of  chemical  en^gy.  The  actual  number  of  energy  units 
as  derived  from  our  records  will  be  used  by  him  in  comparison  with  the  develop- 
ment of  plants. 

3.  Light  of  t?ie  sky. — ^The  sunshine  receiver  here  described,  having  a  flat  sur- 
foce  extending  horizontally,  receives  heat  not  only  from  the  sun  Itself  but 
trcm  all  the  sky.  No  systematic  attempt  has  here  been  made  to  differentiate 
between  the  two.  For  most  agricultural  purposes  there  is  perhaps  no  need  of 
differentiating  between  them.  But  in  order  to  get  the  transmission  of  the 
atmosphere  and  estimates  of  the  solar  constant  the  actual  energy  received  from 
the  sky  as  apart  from  the  sun  should  be  known.  Occasional  tests  of  this  have 
been  made  in  a  crude  manner  by  using  a  screen  on  the  end  of  a  pole  and 
shading  the  receiver  from  the  sun.  In  every  case  the  amount  coming  from  the 
sky  has  proved  very  small  and  probably  negligible.  The  great  difference  be- 
tween the  sun  and  the  sky  also  is  seen  by  us  constantly  on  the  records  at  the 
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time  of  rising  and  setting  of  tiie  sun.  There  is  practically  no  difference  in  the 
curve  at  any  time  between  night  and  the  few  minutes  before  the  sun  begins  to 
rise,  but  as  the  sun's  disk  passes  above  the  mountain  top  the  pen  of  the  recorder 
immediately  rises  and  the  day's  record  begins.  It  seems,  therefore,  that  the 
amount  of  energy  received  from  the  sky,  while  deserving  to  be  considered, 
practically  has  a  very  slight  effect  upon  these  curves. 

4.  AtmoBpherio  transmisiion. — ^Atmospheric  transmission  is  usually  measured 
by  some  form  of  disk  pyrheliometer  with  observations  taken  upon  the  sun 
at  two  different  altitudes.  It  is  believed  that  the  sunshine  curves  obtained 
here  in  an  arid  climate  are  good  enough  to  indicate  the  transmission  of  the 
atmosphere  in  a  large  percentage  of  days.  Of  course,  the  accuracy  of  such 
test  will  not  be  as  great  as  with  the  regular  pyrheliometer,  but  yet  it  is 
thought  that  the  curve  should  do  considerably  better  than  within  5  per  cent. 
In  order  to  answer  the  question  whether  the  curves  are  capable  of  doing  this, 
a  calculation  was  made  of  the  relative  amounts  of  insolation  received  from 
the  sun  while  passing  over  the  prime  vertical  for  100,  80,  and  60  per  cent  trans- 
mission.   This  was  done  by  the  following  formula : 

I=Bo  a"~*  Cos  z 
in  which  I  is  the  desired  insolation;  Eo  the  solar  constant  taken  as  unity  (in 
plotting  these  curves) ;  (a)  is  the  transmission ;  (m)  is  the  air  mass,  the  vertical 
being  taken  as  unity;  and  (z)  is  zenith  distance.  If  Eo  were  constant,  then  (a) 
would  be  read  off  at  once  in  height  of  the  curve  at  noon.  Probably  for  many 
purposes  this  would  be  sufficiently  accurate,  but  in  order  to  allow  the  subse- 
quent determination  of  the  value  of  Eo  we  must  get  an  idea  of  a  from  the 
shape  of  the  curve  alone,  as  is  usual  in  pyrheliometer  observations.  So  a"*"*  in 
the  formula  brings  the  noon  height  of  each  curve  to  the  same  point  in  the 
plot,  and  the  shape  of  the  curve  alone  is  left  from  which  to  Judge  (a).  The 
curves  so  plotted  are  shown  in  the  accompanying  figure,  in  which  abscissse 
are  the  hours  from  zero  to  6  as  the  sun  rises  from  the  eastern  horizon  to  the 
zenith.  The  ordinates  are  proportional  to  the  effect  upon  the  horizontal  sur- 
face with  different  percentages  of  transmission  of  the  atmosphere.  It  is  evi- 
dent from  a  comparison  of  these  curves  that  their  maximum  difference  occurs 
at  low  elevations  of  the  sun  and  that  clear  weather  at  such  times  of  day  will 
be  important  for  the  determination  of  transmission.  In  order  to  see  whether 
variations  of  this  magnitude  in  the  curves  already  obtained  here  are  available 
for  determination  of  this  transmission,  the  curve  obtained  here  at  the  equinox 
shows  by  measurement  a  length  of  over  25  cm.  for  the  hours  from  zero  to  6. 
The  elevation  of  the  curve  at  noon  is  from  10  to  12  cm.  At  that  time  of  the 
year  the  sun  is  32''  from  the  zenith  at  noon.  It  seems  probable,  therefore,  that 
on  this  scale  a  fah*ly  reliable  transmission  of  the  atmosphere  will  be  obtained 
within  5  per  cent  or  even  less  on  a  large  number  of  days.  Such  records  of 
atmospheric  transmission  if  obtained  constantly  would  form  an  interesting 
and  valuable  addition  to  the  record  of  common  meteorological  elements. 

5.  Solar  constant, — If  the  air  transmission  can  be  obtained  from  the  pyrhelio- 
meter curves  here  considered  within  5  per  cent  or  less,  then  the  solar  constant 
can  be  determined  with  the  same  accuracy,  and  we  shall  have  a  chedc  upoii 
the  constancy  of  our  fundamental  source  of  energy.  During  the  last  few  years 
the  work  of  C.  G.  Abbott  and  his  colleagues  at  the  Smithsonian  Astrophysical 
Laboratory  and  others,  has  shown  that  the  sun  is  not  perfectly  constant  in  the 
amount  of  heat  transmitted  to  the  earth.  Changes  often  as  great  as  10  per  cent 
have  been  found  to  occur  within  short  periods  of  time.  Variations  of  that  pro- 
portionate value,  and  even  variations  of  less  than  that,  should  be  obtained  or 
at  least  their  occurrence  should  be  checked  by  the  recording  mechanism  here 
described. 
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For  every  meteorological  purpose  a  knowledge  of  the  solar  constant  would  ap- 
pear to  be  of  the  utmost  value.  In  the  variations  of  the  sun  will  possibly  be 
found  some  of  the  causes  of  weather  change.  To  be  sure,  we  need  to  learn  the 
cause  of  solar  variations,  and  many  investigators  are  at  work  upon  this  problem, 
and  of  course  we  need  to  know  why  and  how  changes  of  insolation  can  produce 
unlike  effects  in  different  parts  of  the  earth ;  but  if  we  can  securely  forge  one 
link  in  the  chain  of  causes — ^namely,  the  physical  relation  between  variation 
in  the  sun  and  climatic  variations  of  the  earth — ^we  shall  have  done  a  work  for- 
ever valuable  for  agricultural,  industrial,  and  scientific  purposes. 

PBE8ENT  OPPOBTUNITY. 

The  cooperation  of  the  western  nations  whose  representatives  are  here  gath- 
ered together  gives  a  great  opportunity  for  mutual  help  along  scientific  lines. 
In  the  present  fundamental  study  of  the  heat  received  by  the  earth  from  the 
sun  this  cooperation  offers  a  remarkable  chance  for  finding  the  distribution  of 
that  Insolation  in  latitude  by  the  establishment  of  a  number  of  recording  sta- 
tions throughout  the  immense  extent  of  the  Americas.  By  means  of  these  sta- 
tions also  we  would  be  able  to  trace  the  progress  of  heat  distribution  through 
the  agency  of  our  own  atmosphere,  and  to  understand  the  effect  of  mountain 
ranges  or  great  changes  in  latitude,  and  by  the  combined  results  from  a  num- 
ber of  stations,  properly  distributed,  a  very  accurate  idea  could  be  obtained  of 
the  transparency  of  our  own  atmosphere  and  a  valuable  check  would  result 
upon  the  variations  of  the  sun  and  their  relation  to  our  weather.  All  coun- 
tries, therefore,  which  could  use  a  small  fund  for  the  purchase  of  such  Instru- 
ment and  could  supply  a  few  minutes'  time  each  day  for  the  necessary  attention 
and  care  required  are  urged  to  procure  and  install  a  recording  mechanism  of 
the  type  here  described. 

The  Chairman.  The  next  paper  on  the  program  is  "Atmos- 
pheric electric  observations  aboard  the  Carnegie^ "  by  Dr.  W.  F.  G. 
Swann,  of  the  Department  of  Terrestrial  Magnetism,  Carnegie  Insti- 
tution. 


ATMOSPHERIC  ELECTRIC   OBSERVATIONS  ABOARD  THE 
"CARNEGIR'** 

By  W.  F.  G.  SWANN, 
Department  of  Terrestrial  Magnetism,  Carnegie  Institution  of  Washington, 

Broadly  speaking,  the  phenomena  associated  with  atmospheric  electricity 
group  themselves  into  two  classes — those  associated  with  the  abnormal  condi- 


*  October  21,  1916:  Since  tbl«  pap^r  waa  pr<?aentpd  before  the  Second  Pan  American 
Sdentlflc  Congress  the  Otimetjic  has  completed  a  tnucb  larger  portion  of  her  fourtb  crtiiae, 
A  more  detailed  accoant  of  the  obeensnaua  and  result »  than  1r  poRsible  in  the  npaci^  of 
this  paper  will  appear  in  vol u roe  3  of  the  Researches  of  the  Department  of  Terre« trial 
HasnetiBm,  as  part  of  u  paper  entitled  "Bt^KUtts  of  atrnOrtpherlc-electdc  observations 
made  aboard  the  Galilee  (IdQT-S)  and  the  Carnegto  <li»0(»-191C)/'  The  In  tier  paper 
comprises  a  comolete  account  of  the  fltmospb^ric'electrlc  ohBervatlons  of  the  nepartment 
of  Terrestrial  Magnetism  ssloce  its  foandatlou  up  to  th©  end  of  March,  lOlfl.  and  will 
appear  In  the  Joint  nameH  of  the  director  of  tli<^  department  and  th(^  present  author  i 
It  IS  with  the  consent  of  the  former  that  the  observations  appearing  In  tbis  i)ap^*r  are 
quoted. 

In  rerlsing  the  present  paper,  adyantage  has  been  taken  of  the  opportonity  of  rerising 
the  data  for  the  portion  of  the  cmise  here  concerned  In  the  light  of  more  complete 
determinations  of  Instnimental  constants,  corrections,  etc,  based  on  the  observations  up 
to  date.  Such  alterations  as  have  been  thereby  Introduced  are  of  only  minor  signlflcmnce, 
howeyer. 
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tions  prevailing  during  thnnderstomis  and  those  associated  with  the  normal 
state  of  the  atmosphere.  It  is  with  the  latter  that  I  shall  here  concern  myself. 
A  casual  survey  of  the  features  presented  by  the  phenomena  reveals  two 
prominent  and»  to  some  extent,  independent  facts:  Firstly,  there  is  a  perma- 
nent electrical  field  in  the  atmosphere  of  such  a  kind  as  to  correspond  to 
t  negative  charge  on  the  earth's  surface;  and,  secondly,  the  atmoiH>here  is  a 
conductor  of  electricity.  The  problem  of  explaining  the  permanent  existence 
of  an  electrical  field  in  a  conducting  atmosphere  is  one  which  has  long  baffled 
the  efforts  of  the  physicist,  and,  although  we  are  more  fortunate  in  respect 
of  material  at  hand  for  the  explanation  of  atmospheric  conductivity,  even 
here  we  have  by  no  means  freed  ourselves  from  all  difficulty. 

The  soil  contains  radioactive  materials.  These  materials  give  rise  to  radio- 
active gaseous  emanations  which  diffuse  out  of  the  pores  of  the  soil,  and 
some  of  the  most  promising  efforts  which  have  been  made  toward  the  elucida- 
tion of  both  classes  of  phenomena  have  been  those  based  on  this  fact  and 
the  circumstances  attending  it  It  is  for  tliis  reason  that  a  peculiar  interest 
attaches  to  atmospheric-electric  observations  made  over  the  ocean,  since  here 
the  phenomena  associated  with  the  diffusion  of  emanations  from  the  soil  have 
very  little  counterpart 

In  the  choice  of  quantities  to  be  recorded  in  any  extensive  series  of  atmos- 
pheric measurements  of  tlie  field  type,  we  must  be  guided  by  two  considera- 
tions. In  the  first  place,  the  quantities  should  be  such  that,  taken  together, 
they  form  as  complete  a  whole  as  possible.  If  we  wish  to  discuss  the  variation 
of  some  quantity,  such,  for  example,  as  the  atmospheric  conductivity,  through- 
out the  day,  in  order  to  compare  the  results  with  land  values,  it  is  desirable 
that  we  shall  not  omit  to  measure  any  quantity  which  we  know  to  be  a  con- 
trolling factor  in  the  determination  of  this  element  Secondly,  it  is  necessary 
that  the  quantities  measured  sliall  be  such  as  can  be  obtained  by  apparatus 
which  is  adaptable  to  ocean  conditions. 

The  atmospheric  electric  quantities  at  present  measured  on  the  Cameffie  are 
the  following: 

1.  The  potential-gradient  X. 

2.  The  conductivities  (\+  and  XJ)  arising  from  the  positive  and  negative 
ions. 

3.  The  numbers  (n^.  and  n^)  of  positive  and  negative  ions  per  cubic  centi- 
meter. 

4.  The  radio-active  content  of  the  atmosphere. 

5.  The  radio-active  content  of  the  sea  water. 

6.  The  number  of  pairs  of  ions  produced  per  cubic  centimeter  per  second  in 
a  closed  vessel. 

The  meteorological  observations  which  are  made  are:  Pressure,  temperature, 
and  humidity.  The  diurnal  variations  of  the  potential  gradient  conductivity, 
and  ionic  content  are  also  under  investigation. 

The  conductivities  are  related  to  the  numbers  of  ions  per  cubic  centimeter 
by  the  realtions  X+«=n+ev+,  and  X_=n_ev_  where  e  Is  the  electronic  charge,  and 
v+  and  v_  are  the  velocities  under  unit  field,  of  the  positive  and  negative  ions 

respectively.    Since  ^■■v+  and  z-^—v.,    measurements  of  X+  and  X«,  n+  and 
n^e  ii_e 

lu  lead  directly  to  the  determination  of  v+  and  v«. 

The  simultaneous  measurements  of  conductivity  and  potential-gradient  en- 
able us  to  calculate,  If  we  wisli,  the  value  of  the  vertical  conduction  current- 
density  which  is  i«=(X+-l-\.)X. 

The  primary  interest  attaching  to  the  measurements  of  the  radioactive  content 
and  of  the  number  of  ions  produced  per  cubic  centimeter  per  second  inside  a 
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closed  vessel,  lies  in  the  fact  that  it  is  to  the  radioactive  material  in  the  atmos- 
phere, and  to  the  cause  which  is  responsible  for  the  production  of  ions  in  a  closed 
vessel  (the  so-called  penetrating  radiation)  that  the  ionization  of  the  atmos- 
phere, at  any  rate  in  part,  owes  its  existence;  so  that,  apart  from  certain 
considerations  into  which  I  shall  not  for  the  moment  enter,  measurements  of 
these  elements  enable  us  to  compare  the  ionization  which  is  obtained  with 
that  which  is  to  be  expected.  A  further  interest  attaching  to  the  measure- 
ment of  the  number  of  ions  produced  in  a  closed  vessel  arises  from  the  fact  that 
the  formation  of  such  ions  has  always  been  more  or  less  a  mystery,  which,  in 
the  case  of  lajid  observations,  is  in  part  to  be  explained  by  the  7  ray  radiation 
from  the  radioactive  materials  in  the  soil,  a  cause  which  has  very  little 
counterpart  over  the  ocean. 

Among  the  chief  difficulties  associated  with  atmospheric-electric  work  over 
the  ocean  is  that  of  overcoming  the  effect,  on  the  instruments,  of  the  motion  of 
the  ship,  and  of  securing  good  insulation.  One  is  practically  barred  from 
using  instruments  of  the  quadrant  electrometer  type  and  is  forced  to  confine 
himself  to  the  use  of  electroscopes.  Ordinary  gold  leaf  electroscopes  are  un- 
suitable because  they  depend  on  gravity  for  the  production  of  the  restoring 
force  which  balances  the  electrical  forces.  Within  recent  years,  however^ 
another  type  of  electroscope  has  been  devised,  in  which  the  controlling  force  is 
brought  about  by  a  method  independent  of  gravity.  In  one  form  of  instrument, 
the  bifilar  electroscope  devised  by  Wulf,  the  gold  leaves  of  the  older  electro- 
scopes are  replaced  by  two  quartz  fibers  coated  with  platinum  to  render  them 
conducting.  At  their  upper  ends  the  fibers  are  soldered  to  the  main  terminal 
of  the  instrument,  and  their  lower  ends  are  attached  to  a  quartz  bow  whose 
ends  are  fixed  to  a  frame.  When  the  fibers  are  charged  they  repel  each  other 
and  the  resulting  motion,  which  can  be  read  by  a  microscope  with  a  scale  in  the 
^epiece,  is  resisted  by  the  quartz  bow.  This  instrument  is  very  convenient 
where  sensitivities  of  the  order  of  magnitude  of  2  volts  per  division,  and  work- 
ing ranges  of  about  20  to  250  volts  are  required. 

Another  convenient  form  of  electroscope  devised  by  Einthoven,  and  modified 
by  Wulf,  comprises  a  single  platinized  quartz  fiber  attached  at  its  lower  end 
to  a  quartz  bow  and  at  its  upper  end  to  the  main  terminal  of  the  instrument. 
Two  insulated  metal  plates  are  mounted  with  their  planes  parallel  to  each 
other  and  to  the  quartz  fiber,  one  plate  being  mounted  on  each  side  of  the  fiber. 
The  case  of  the  instrument  being  earthed,  these  plates  may  be  charged  re- 
spectively to  -flOO  and  — ^100  volts,  or  to  any  convenient  amount,  by  constant 
batteries,  and  charges  communicated  to  the  fiber  will  then  cause  a  deflection. 
The  deflection  for  a  given  potential  applied  to  the  fiber  increases  with  tlie  field 
between  the  plates,  and  with  diminution  of  tension  on  the  fiber,  which  latter 
may  be  varied  by  moving  the  bow  support  up  and  down  by  means  of  a  suitable 
screw.  In  the  laboratory  it  is  not  difficult  to  obtain  a  sensitivity  of  100  eyepiece 
divisions  per  volt,  although  on  board  ship  a  sensitivity  of  from  5  to  10  divi- 
sions per  volt  is  found  more  desirable.  The  two  types  of  Wulf  electroscopes, 
on  account  of  their  freedom  from  the  effects  of  tilt,  and  on  account  of  their 
small  electrical  capacities,  have  been  found  the  most  convenient  forms  for  use 
on  the  Carnegie, 

In  former  work  on  the  ocean  the  potential  gradient  has  almost  invariably 
been  measured  by  some  method  such  as  the  following:  A  pole  extends  from 
the  stern  rail  of  the  ship  and  carries  at  its  end  a  metal  plate  which  is  insulated 
and  covered  with  some  form  of  radioactive  material,  usually  ionium.  Under 
these  conditions,  the  air  in  the  vicinity  of  the  plate  is  rendered  conducting 
and  the  plate  its^f  takes  up  the  potenlal  of  this  air  as  determined  by  the 
electrical  field  of  the  earth  modified  by  the  presence  of  the  ship,  bamboo  pole. 
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etc.  The  metal  disk  or  collector,  as  it  is  called,  is  connected  to  an  electro- 
scope, so  that  the  difference  between  the  potential  of  the  disk  and  the  ship 
may  be  measured.  This  quantity  may  then  be  looked  upon  as  proportional 
to  the  potential  gradient,  and  in  order  to  obtain  absolute  values  it  is  necessary 
to  make  measurements  simultaneously  over  some  flat  surface  in  such  a  mann^ 
that  the  measurements  are  independent  of  the  distortion  brought  about  by 
the  apparatus  itself. 

The  chief  disadvantages  associated  with  the  use  of  a  collector  lie  in  the  slow- 
ness of  its  action,  which  necessitates  very  perfect  insulation,  if  accurate  results 
are  to  be  obtained.  Further,  since  the  motion  of  the  ship  continually  alters 
the  distance  of  the  collector  from  the  water,  the  potential  recorded  can  only 
be  looked  upon  as  a  sort  of  average.  For  these  reasons  the  author  has  devised 
an  apparatus,  the  principle  of  which  will  be  clear  from  figure  1.  The 
instrument  consists  of  a  brass  tube  A  fixed  at  one  end  to  an  axle,  so  that 
it  can  rotate  in  a  plane  containing  the  fore-and-aft  line  of  the  ship.  The  axle 
is  mounted  on  supports  fixed  to  the  stem  rail  of  the  ship,  and  the  projecting 
end  of  the  brass  tube  carries  a  gauze  disk  B  made  somewhat  in  the  form  of 
a  parasol.  The  handle  C,  by  which  the  rotation  is  brought  about,  is  insulated 
from  the  axle,  and  the  latter  is  itself  insulated  from  earth  by  causing  it  to 
work  in  brass  tubes  fixed  into  their  supports  with  sulphur  insulation.  The 
axle  is  connected  by  a  thin  wire  to  a  Wulf  bifilar  electroscope  D,  the  wire 
and  axle  being  in  the  same  line.  It  is  arranged  that  when  the  brass  tube  is 
vertical  and  the  parasol  attachment  downward,  the  electroscope  system  is 
ecttthed.  On  rotating  the  tube  to  some  other  position,  fixed  by,  a  stop,  a 
deflection  proportional  to  the  potential  gradient  is  obtained  in  the  electroscope. 
Insulation  difilculties  are  entirely  overcome  since  the  leak  occurring  during 
the  turning  of  the  handle  from  one  position  to  another  is  negligible;  furth», 
the  operation  can  be  p^formed  so  quickly  that  a  reading  may  be  obtained  at 
any  desired  position  of  tilt  of  the  ship.  The  sensitivity  is  considerable,  and  it 
is  easy  to  arrange  so  that,  for  the  normal  value  of  the  potential  gradient, 
deflections  amounting  to  the  whole  scale  length  are  obtained. 

The  method  which  is  usually  employed  for  measuring  the  conductivity  of  the 
air  is  that  due  to  Gerdien.  In  this  method  air  is  drawn  by  a  fan  throu£^  the 
space  between  two  concentric  cylinders,  the  central  member  of  which  is 
charged  and  connected  to  an  electroscope.  The  theory  of  the  instrument  shows 
that  so  long  as  the  velocity  of  the  air  current  is  large  enough  to  insure  that 
the  central  cylinder  is  unable  to  extract  from  the  air  all  of  the  ions  which  It 
attracts  as  the  air  passes  through,  the  rate  of  loss  of  charge  by  the  cylinder 
is  independent  of  the  air  velocity,  and  depends  only  upon  the  conductivity 
contributed  by  the  ions  of  sign  opposite  to  the  charge  on  the  central  cylinder. 
Under  these  conditions,  measurements  of  the  potential  of  the  central  cylinder 
at  two  different  times  during  the  passage  of  the  air  current,  combined  with  a 
knowledge  of  certain  electrical  capacities  associated  with  the  instrument, 
enable  the  conductivity  in  question  to  be  deduced.  If  the  velocity  is  so  small 
that  all  of  the  ions  of  sign  opposite  to  that  on  the  central  cylinder  are  drawn 
thereto  as  the  air  passes  through,  the  indications  of  the  instrument  do  depend 
upon  the  velocity  of  the  air ;  in  fact,  the  rate  of  loss  of  charge  is  proportional 
to  the  velocity  of  the  air  under  these  circumstances,  since  the  air  is  robbed  of 
all  of  its  ions  as  it  passes  through  the  space  between  the  cylinders.  A  knowledge 
of  the  rate  of  flow  of  the  air  then  enables  one  to  deduce  from  the  indications 
of  the  instrument  the  number  of  ions  per  cubic  centimeter.  The  chief  dis- 
advantage of  this  type  of  instrument  for  measuring  the  ionic  numbers  lies  in 
its  lack  of  sensitivity.  In  tlie  usual  form  of  instrument  the  central  cylinder 
Is  connected  to  a  Wulf  electroscope  reading  up  to  alKmt  200  volts,  and  the 
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outer  cylinder  is  earthed.  The  rate  of  moyement  of  the  fibers  when  the  air 
flows  through  the  instrument  under  these  conditions  is  extremely  slow,  and 
as  much  as  half  an  hour  may  be  necessary  to  obtain  a  single  satisfactory 
observation.  The  result  of  this  is  that,  in  some  measurements — ^for  example, 
those  of  ionic  mobilities,  in  which  it  is  necessary  to  assume  constancy  of  the 
ionic  content  of  the  atmosphere  over  the  period  of  two  measurements — ^the 
departure  from  this  condition  Is  frequently  sufficient  to  cause  the  quantity 


measured,  which  is  essentially  a  positive  quantity,  to  come  out  negative  in  the 
calculations. 

In  order  to  increase  the  sensitivity  and  rapidity  of  action  of  the  instrument 
the  author  has  devised  a  modified  form,  in  which  the  central  cylinder  of 
the  apparatus  is  connected  to  the  fiber  of  a  single  fiber  electroscope  of  the 
Wulf  type,  the  sensitivity  of  which  can  be  made  as  great  as  is  desired.  The 
potential  of  the  fiber  is  never  allowed  to  depart  far  from  zero,  and  the  necessary 


584       PBOOEEDIKQS  8EC0in>  PAN  AMBBIOAN  SCIENTIFIC  CONQBESft. 

field  is  obtained  by  insulating  and  charging  the  outer  cylinder  to  about  150 
volts.  On  releasing  the  fiber  from  earth  it,  of  course,  starts  to  move  at  a 
rate  determined  by  the  rate  of  supply  of  electricity  to  the  central  system  from 
the  air.  The  fact  that  the  central  system  is  never  allowed  to  depart  far  from 
zero  potential  also  enormously  reduces  the  leakage  error,  which  otlierwiae 
would  become  a  very  serious  consideration,  especially  in  work  at  sea.  Indeed, 
leakage  may  be  entirely  eliminated  by  starting  observations  with  the  fiber 
charged  in  such  a  sense  that  it  crosses  the  zero  point  during  the  observation, 
for  it  may  then  be  arranged  that  the  fiber  readings  which  are  chosen  as  the 
bases  of  the  measurements  lie  at  equal  distances  on  each  side  of  the  zero. 
In  order  to  avoid  an  alteration  in  the  number  of  ions  entering  the  apparatus, 
by  the  charge  on  the  outer  cylinder,  the  latter  is  surrounded  by  yet  another 
cylinder  which  is  insulated  from  it  and  earthed.  Even  this  does  not  entirely 
overcome  the  difflculty,  however,  as  will  readily  be  surmised  when  it  is  remem- 
bered that  the  potential  of  a  point  a  short  distance  outside  the  cylinder  ia 
zero  and  that  of  a  point  a  short  distance  inside  is  about  150  volts,  so  that 
the  ions,  in  order  to  get  in,  have  to  move  in  opposition  to  electric  forces.  In 
order  to  completely  eliminate  this  difficulty,  a  special  attachment  is  made  to 
the  central  cylinder,  the  action  of  which  is  fully  explained  in.  the  papor 
describing  the  instrument^ 

Since  good  insulation  is  essential  to  such  measurements  as  these,  it  ia 
desirable  that  the  parts  of  the  apparatus  which  contain  the  insulating  materials, 
shall  be  well  protected.  For  this  reason  a  small  observatory  has  been  erected 
aboard  the  Carnegie,  and  this  observatory  houses  the  apparatus  for  the 
measurement  of  conductivity,  ionic  content,  penetrating  radiation,  and  part 
of  the  apparatus  for  the  determination  of  the  radioactive  content  of  the  atmos- 
phere. It  is  arranged  that  the  cylinders  which  receive  the  air  project  through 
the  roof  of  the  observatory,  but  the  electroscope  systems  are  mounted  perma- 
nently inside.  The  advantage  of  this  arrangemei)t  lies  in  the  fact  that  in 
so  far  as  the  temperature  of  the  inside  of  the  observatory  is  always  above  the 
dew  point  of  the  air  outside,  condensation  on  the  insulating  parts  is  less  likely 
to  occur  than  if  the  apparatus  were  exposed  to  the  open  air. 

The  method  adopted  for  measuring  the  conductivity  is  essentially  the  same  as 
that  referred  to  above  except  that  the  Wulf  bifilar  electroscope  system  hangs  from 
a  glmbal  inside  the  house,  and  there  is  an  arrangement  by  which  the  receiving 
funnel  of  the  apparatus  can  be  turned  in  any  desired  direction.  The  fan  is 
driven  by  a  motor  instead  of  by  hand  or  by  clockwork.  In  this  way  a  rapid 
current  of  air  can  be  obtained,  with  the  result  that  great  sensitivity  Lb  secured. 

The  ion  counter  used  is  of  the  type  already  described,  and  it  hangs  from  a 
gimbal,  so  that  only  the  cylinders  project  through  the  roof. 

For  the  measurement  of  the  number  of  pairs  of  ions  produced  per  cubic 
centimeter  per  second  in  a  closed  vessel,  an  air-tight  copper  vessel  of  about  27 
liters  capacity  is  employed.  A  rod  which  is  insulated  from  the  copper  vessel 
by  amber  is  connected  to  the  fiber  of  a  single  fiber  electroscope.  The  copper 
vessel  is  charged  to  a  potential  sufficiently  high  to  cause  saturation  for  the 
ionization  produced  inside,  so  that  on  releasing  the  fiber  of  the  electroscope 
from  earth  the  central  system  charges  up  at  a  rate  determined  by  the  rate  of 
production  of  ions  in  the  vessel.  The  insulating  material  separating  the  central 
rod  from  the  outer  vessel  is  divided  into  two  parts  by  a  guard  ring,  which  is 
kept  earthed  and  so  prevents  leakage  from  the  vessel  to  the  central  system 
across  the  amber.    The  whole  apparatus  is  mounted  on  a  gimbaL 

1  Terr.  Mag.*  v.  19,  p.  171,  Saptomber,  1914. 
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Id  measurements  of  the  amount  of  radioactive  material  in  the  atmosphere, 
former  Investigators  have  largely  used  a  method  due  to  Elster  and  GeiteU 
This  method,  which  depends  for  its  action  on  the  fact  that  the  producte  of  dis- 
integration of  the  radium  emanation  in  the  air  are  for  the  most  part  positively 
charged,  consists  in  allowing  a  long  negatively  charged  wire  to  collect  active 
material  from  the  atmosphere  for  a  period  of  two  hours,  and  then  measuring 
the  saturation  current  which  this  material  produces  when  wound  on  a  frame 
and  Introduced  into  an  ionization  chamber.  In  this  way  quantities  are 
obtained  from  which  a  sort  of  comparison  may  be  made  of  the  amounts  of 
active  material  in  the  atmosphere  at  diiferent  places.  The  theory  of  the 
method,  however,  shows  that,  apart 
from  the  fact  that  the  results  given 
are  only  relative,  considerable  un- 
certainty attaches  to  their  interpre- 
tation. 

Undoubtedly  one  of  the  best 
methods  of  determining  the  radium 
emanation  content  of  the  atmos- 
phere is  that  Involving  the  absorp- 
tion of  the  emanation  from  the  air 
by  charcoal,  with  a  subsequent 
determination  of  the  amount  ab- 
sorbed. The  time  required  for  this 
operation,  however,  and  the  nature 
of  the  apparatus  necessary,  is  such 
as  to  render  the  method  imprac- 
ticable for  use  aboard  ship.  The 
method  at  present  employed  on  the 
Carnegie  consists  in  drawing  air 
between  two  concentric  cylinders, 
the  central  one  of  which  is  charged 
negatively  to  such  a  high  potential 
that  all  of  the  active  carriers  en- 
tering the  concentric  cylinders  arfe 
brought  to  the  central  system.  The 
saturation  current  produced  In  an 
ionization  chamber  by  the  active 
deposit  collected  In  a  given  time, 
combined  with  a  knowledge  of  the 
air  flow  during  the  collection  of  the 
deposit,    enables    the    amount    of 

active  material  per  cubic  meter  of  air  to  be  estimated,  if  one  assumes  a  knowl- 
edge of  the  nature  of  the  deposit,  which  latter  can  be  obtained  from  the  form 
of  the  decay  curve.  The  considerations  and  calculations  involved  in  the  deduc- 
tion of  the  absolute  values  of  the  radioactive  content  are  too  complex  to  be  given 
here  In  detail.  The  general  principle  of  this  method  has  been  used  in  one  form 
or  another  by  several  investigators  on  land,  and  the  chief  modifications  intro- 
duced by  the  author  have  been  made  with  the  object  of  rendering  the  results 
more  susceptible  of  accurate  theoretical  interpretation,  and  of  increasing  the 
sensitivity  of  the  apparatus  and  Its  adaptability  for  use  at  sea. 

The  collecting  apparatus  as  at  present  employed  is  shown  in  its  essential 
features  In  figure  2.  It  consists  of  a  copper  cylinder  A,  64  cm.  long  and  about 
20  cm.  in  diameter,  with  an  anemometer  at  one  end  and  a  fan  at  the  o«-her. 


Fio.  2. 
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The  central  system  consists  of  an  insulated  wooden  cylinder  B,  12  cm.  long^ 
supported  by  a  rod  passing  through  its  axis  and  insulated  from  it  by  sulphur  S. 
The  surface  of  the  wooden  cylinder  is  covered  with  copper  foil,  held  on  by 
rubber  bands,  and  it  is  on  this  foil  that  the  deposit  is  collected.  Earthed  metal 
caps  C  O  attached  to  the  central  rod  fit  over  the  top  and  bottom  of  the  central 
cylinder  without  touching  it,  and  insure  that  the  deposit  of  the  active  material 
is  confined  to  the  copper  foil. 

A  large  air  current  is  necessary  if  a  large  amount  of  deposit  is  to  be  ob- 
tained, and  in  order  to  secure  saturation  with  a  reasonably  low  potential  on 
the  central  cylinder  it  is  necessary  that  the  latter  shall  be  large.  A  large  cyl- 
inder, when  afterwards  introduced  into  the  ionization  chamber,  so  as  to  form 
the  central  system  there,  would,  however,  on  account  of  the  large  capacity,  re- 
duce the  sensitivity  in  the  ionization  chamber  measurements.  For  this  reason 
the  central  system  of  the  ionization  chamber  is  formed  of  a  thin  rod,  and  the 
foil,  after  removal  from  the  inner  cylinder  of  the  collecting  apparatus,  is  bent 
over  and  made  to  line  the  walls  of  the  ionization  <!hamber,  with  the  active  sur- 
face facing  inward.  In  this  way  the  foil  does  not  contribute  to  the  capacity  of 
the  system.  The  height  of  the  ionization  chamber  is  about  twice  the  height  of 
the  foil  cylinder,  so  that  the  latter  only  covers  the  central  portion  of  the 
wall  of  the  chamber.  In  this  way  are  avoided  difficulties  arising  from  uncer- 
tainties which  would  otherwise  be  introduced  in  a  knowledge  of  the  fraction 
of  the  a  particles  traveling  any  assigned  portion  of  their  range  in  the  vesseL 
The  uncertainty  is  great  in  the  case  where  an  appreciable  fraction  of  the  a 
particles  strike  the  top  or  bottom  of  the  vessel,  since  the  distribution  of  active 
dq>osit  on  the  foil  is  by  no  means  imiform.  The  central  system  of  the  ioniza- 
tion chamber  is  attached  to  a  single  fiber  electroscope  adjusted  to  a  sensitivity 
of  5-10  divisions  per  volt,  and  the  potential  is  applied  to  the  outer  vessel,  the 
whole  being  mounted  on  a  gimbal. 

In  reading  the  various  electroscopes  associated  with  the  conductivity  B:pipBr 
ratus,  ion  counter,  penetrating  radiation  apparatus,  and  radioactive  content 
apparatus — in  order  to  avoid  uncertainties  connected  with  the  variations  of  sensi- 
tivity of  the  electroscope,  and  the  computational  labor  involved  in  the  use  of  cali- 
bration curves — the  times,  or,  in  the  case  of  the  ion  counter,  the  air  fiow  is  noted 
during  the  passage  of  the  fiber  between  two  assigned  divisions  of  the  scale, 
and  the  corresponding  readings  are  obtained  in  volts  immediately  afterwards, 
by  means  of  calibrating  systems  which  are  permanently  connected  to  each 
instrument  and  are  used  in  conjunction  with  a  voltmeter  common  to  all  the 
instruments.  By  this  means  the  operation  of  reducing  the  electroscope  read- 
ings to  volts  is  only  a  matter  of  a  moment  E^verything  is  arranged  so  that 
the  amount  of  time  wasted  by  the  observer  in  adjusting  and  arranging  appa- 
ratus is  reduced  to  a  minimum,  and  it  results  that  in  a  period  of  2.5  hours  one 
observer  is  able  to  make  three  sets  of  measurements  of  the  conductivity  (for 
example,  two  for  positive  ions  and  one  for  negative  ions),  three  sets  of  measure- 
ments of  the  ionic  content,  a  measurement  of  the  penetrating  radiation,  and  a 
measurement  of  the  radioactive  material  in  the  atmosphere.  The  conductivity 
and  ionic  content  are  measured  simultaneously,  and  the  services  of  a  second 
observer  are  requisitioned  for  the  measurement  of  the  potential  gradient,  so 
that  these  measurements  may  take  place  at  the  same  mean  time  as  those  of  the 
conductivity,  and  so  afford  a  reliable  means  for  calculating  the  vertical  conduc- 
tion density. 

SUMICABT  OF  THE  ATM08PHKBIC-ELECTBIC  BESULTS  OF  THE  POBTION  OF  THE  FOXmTH 
CBUISB  OF  THE  OABNBQIE,  OOKPBISED  BETWEEN  ICABCH  6,  1915,  AND  JULY  20,  1915. 

The  Cameffie,  which  is  operated  under  the  direction  of  the  Department  of 
Terrestrial  Magnetism  of  the  Carnegie  Institution  of  Washington,  started 
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from  Brooklyn,  N.  Y.,  on  her  present  cruise,  March  6,  1915,  under  the  com- 
mand of  Mr.  J.  P.  Ault  As  It  was  anticipated  that  several  readjustments 
might  be  found  necessary  after  the  vessel  had  gotten  well  out  to  sea,  she  was 
accompanied  as  far  as  Panama  by  Dr.  S.  J.  Mauchly,  who  was  thoroughly 
familiar  with  the  nature  of  the  atmospheric^lectric  apparatus  and  the  general 
scheme  of  procedure,  having  assisted  throughout  in  the  construction,  prepara- 
tion and  testing  of  the  various  parts. 

The  observations  from  Brooklyn  to  Colon,  Panama,  were  carried  out  by 
Dr.  Mauchly  and  Observer  H.  F.  Johnston.  From  Balboa  onward  they  were 
made  by  Observer  H.  F.  Johnston,  assisted  by  Observer  I.  A.  Luke. 

The  Carnegie  arrived  at  CJolon,  Panama,  on  March  24,  1915.  Leaving  Bal- 
boa, Panama,  on  April  12,  1915,  she  sailed  for  Honolulu,  arriving  on  May  21, 
1915.  She  left  Honolulu  on  July  3,  and  arrived  at  Dutch  Harbor,  Alaska,  on 
July  20,  from  which  port  she  sailed  on  August  4  for  Port  Lyttelton,  New 
Zealand,  arriving  there  on  November  2.  She  left  Port  Lyttelton  on  December  6 
for  a  circumnavigation  cruise  in  regions  between  the  parallels  50**  and  60*  S. 

At  the  time  (Jan.  3, 1916)  when  this  paper  was  presented  before  the  Second  Pan 
American  Scientific  CJongress,  the  observations,  as  far  as  Dutch  Harbor,  had  been 
received  and  computed.  Since  that  date  the  Carnegie  has  completed  the  circum- 
navigation cruise  above  mentioned,  arriving  at  Lyttelton  on  April  1,  1916.  She 
again  left  Port  Lyttelton  on  May  17,  1916,  bound  for  Samoa,  Guam,  and  San 
Francisco.  She  arrived  at  the  last-named  port  on  September  21,  1916.  Except 
for  the  first  leg  of  tlie  cruise,  from  Brooklyn  to  Colon,  in  which  there  was 
naturally  much  to  be  done  in  the  matter  of  arrangement  of  details,  complete  sets 
of  observations  have  been  obtained  almost  daily.  As  already  stated  in  note  1  on 
page  579  of  this  paper,  a  full  description  of  the  atmospheric-electric  observa- 
tions of  the  Carnegie's  fourth  cruise  will  appear  in  another  place.  In  the 
present  paper  attention  is  confined  to  a  brief  discussion  of  the  average  results 
obtained  for  the  more  important  elements,  up  to  the  time  of  the  Camegi&s 
arrival  at  Dutch  Harbor.  Except  in  the  case  of  the  observations  on  the 
diurnal  variations,  measurements  were  always  taken  at  approximately  the  same 
time  of  day,  the  mean  time  for  a  set  being  about  9.80  a.  m. 

Table  1  shows  the  mean  results  for  the  various  atmospheric-electric  elements, 
i  being  the  air-earth  current  density  and  R  the  number  of  ions  produced  per 
cubic  centimeter  per  second  in  a  closed  vessel.  The  last  column  gives  the 
radium  emanation  content  of  the  atmosphere.  The  figures  in  parentheses  give 
the  numbers  of  observations  involved. 
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Let  OS  DOW  conMder  tbe  demeiiti  tndlriiUuillj,  ooauMndng  witb  the  potsottel 
gradient  This  elemeiit,  of  ooone,  shows  Urse  annual  and  diomal  TmriatkMW 
on  land,  and  in  order  to  compare  tbe  reaolts  witli  tlie  ocean  values  it  Is  i 
sary  to  deduce  tbe  land  valoes  for  the  time  at  which  the  ooean  resolts 
taken — L  e^  9^  a.  m. — and  for  tlie  apfMropriate  period  of  tlie  jrear. 
observations  in  tlie  Pacific  Ocean  correspond  rooghljr  to  tbe  sonmier  montlw» 
and  if  we  deduce  tbe  9^  values  for  tbe  summer  months  as  given  at  several 
land  observatories  we  obtain  tbe  results  shown  in  Table  2. 

Table  2. 
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The  mean  of  the  values  obtained  from  April  12,  1915,  to  July  20,  1915,  for 
the  Pacific  Ocean  Is  120  volts  per  meter,  so  that  In  view  of  th«3  very  large  varia- 
tions in  the  land  values  at  dlfTerent  places  it  is  not  possible  to  draw  any  cer- 
tain conclusions  as  to  the  relations  between  sea  and  land  values,  especially  In 
view  of  the  present  uncertainty  of  our  knowledge  of  the  diurnal  variation  over 
the  ocean.* 

The  9^  a.  m.  value  for  the  potential  gradient  in  the  Atlantic  Is  117  volts 
per  meter.  There  are  not  many  ocean  values  from  other  observers  with  which 
to  compare  this  result  Johnston,'  using  an  ionium  collector,  obtained  the  value 
93  volts  per  meter  in  the  North  Atlantic  In  1014.  Simpson  and  Wright  ob- 
tained,' in  the  South  Atlantic  and  South  Indian  Oceans,  values  which  apfieared 
to  show  a  minimum  of  about  80  volts  per  meter  in  the  neighborhood  of 
12  noon.  Angenheister  *  found  values  ranging  from  81  to  112  volts  per  meter 
In  the  Red  Sea,  and  values  ranging  from  75  to  97  volts  per  meter  in  the  Indian 
Ocean. 

The  ionic  content  of  the  atmospJiere. — Of  the  Atlantic  Ocean  values  recorded 
in  Table  1  more  than  half  were  obtained  In  the  land-locked  Caribbean  Sen, 
and  the  remainder  Just  to  the  north  of  the  West  Indies.  While  these  results 
are  in  harmony  with  those  of  former  observers  In  Indicating  exceptionally  low 
values  of  the  conductivity  and  Ionic  content  In  regions  of  the  sea  close  to  land, 
they  can  not  be  considered  as  representative  of  normal  Atlantic  Ocean  values. 
For  this  reason,  as  regards  the  conductivity  and  Ionic  content,  attention  will 
here  be  confined  to  the  Pacific  Ocean  values.  Table  3  shows  a  comparison  of 
these  values  with  those  obtained  by  other  observers  on  land  and  pt^. 

>  At  the  time  when  this  was  written  the  olwenratlons  which  hnA  been  i«emr«Hl  on  the 
dlnrnal  Tariatlons  were  too  few  to  afford  reliable  Information  on  the  natnre  of  the  varia- 
tion. By  the  time  that  the  Carnegie  had  returned  to  Lyttleton.  after  her  drrumna^'liri- 
tlon  cmlse.  however,  rafllHcnt  obfienratlonff  had  been  secnred  to  afford  very  deflnlte 
information  as  to  this  matter.  The  dinmal  variation  curve  showR  minima  about  5  a.  m. 
and  8  p.  m.,  and  maxima  about  midnight  and  a  a.  m.,  the  12-hour  '*  Fourier  wave" 
being  more  prominent  than  the  24-hoar  *'  wave." 

>Terr.  Mag.,  v.  20,  p.  48.  March.  laiS. 

•Proc.  Roy.  Soc.,  A.  v.  85.  p.  175,  1911. 

«QOttUiffen  Nach.  Gei.  Wise,  1914. 
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Table  3. — Companion  of  former  land  and  $ea  valuu  of  n+  and  n.  with  thou  obtained  on 
the  Carnegie  between  Apr,  It,  1916,  mid  July  tO,  1915. 


Nature  of  the  obeervatloos. 

11+ 

n. 

ttf+n- 

Meen  of  PscifloOceeBTeliMs  for  the  fourth  citiise  of  the  Carnegie 

834 
736 
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764 
588 
068 

1.588 

1^ 

140S 

These  observations  confirm  the  conclusion  that  the  Ionic  content  over  the 
ocean  is  at  any  rate  as  great  as  that  found  over  land. 

The  atmospheric  conductivity, — ^Table  4  gives,  for  the  conductivity,  data 
corresponding  to  those  given  in  Table  3  for  the  ionic  content 

Table  4. — Comparison  of  former  land  and  sea  values  of  X^  and  K.  with  those  obtained  on 
the  Carnegie  between  Apr,  It,  1915,  and  July  tO,  1915, 


Nature  of  the  otMervatioiis. 

E.B.U.XIOH 

x+ 

X. 

X++X- 

Mean  of  Pacific  Ocean  valoes  for  the  fourth  cmtoe  of  the  Carnegie 

1.62 
1.44 
1.30 

1.29 
1.20 
1.23 

2.81 

Mean  of  12  former  ocean  values  obtafaied  bv  various  obMrrers 

2.64 

Mean  of  island  values  obtained  by  various  obeervers 

2.51 

Here,  again,  there  is  a  reasonable  close  agreement  between  the  values  for  the 
Carnegie's  fourth  cruise  and  thofte  of  former  observers  on  sea  and  land. 

Tlie  specific  ionic  velocities, — ^The  mean  Pacific  Ocean  values  of  v+  and  v. 
resulting  from  the  Carnegie's  fourth  cruise  as  far  as  Dutch  Harbor,  AlaslvO, 
are  respectively  1.33  and  1.27  centimeters  per  second  per  volt  per  centimeter. 
The  mean  of  five  pairs  of  land  values  give,  respectively,  1.08  and  1.22  centi- 
meters per  second  per  volt  per  centimeter.    Thus,  not  only  are  the  ocean  values 

higher  than  the  land  values,  but  the  ratio    '*'  is  certainly  not  less  than  unity 

in  the  case  of  the  ocean  values,  while  It  Is  decidedly  less  than  unity  for  the 
land  values.  It  Is  probable  that  the  explanation  of  these  circumstances  Is  to  be 
found  In  the  effect,  on  the  measurements,  of  a  class  of  Ions,  the  Langevln  Ions, 
which  are  known  to  exist  in  the  atmosphere,  and  which  move  very  sluggishly 
owing  to  their  association  with  particles  much  larger  than  molecules. 

The  only  ocean  values  we  have  with  which  to  compare  the  present  values 
are  those  of  Knoche,*  who  found  values  of  the  order  0.05  centimeter  per  second 
per  volt  per  centimeter  In  the  Pacific  Ocean,  but  it  would  seem  that,  unless 
the  conditions  in  Knoche's  experiments  were  exceptional,  this  value  must  be 
subject  to  some  doubt 

Radioactive  content  of  the  atmospluere. — As  far  as  the  author  Is  aware,  no 
previous  attempts  have  been  made  to  measure  the  amount  of  radium  emanation 
in  the  atmosphere  over  the  sea  directly.  E.«JtimatIons  so  far  obtained  have 
been  made  on  the  basis  of  relative  values  obtaine<l  on  land  and  sea  by  the 
Elster  and  Geitel  method.  The  present  method  leads  to  an  absolute  determina- 
tion of  the  amount  of  emanation  in  the  atmosphere,  and  gives  the  value 
3.4X10""  Curie  per  cubic  meter  as  the  mean  of  all  the  values  for  the  cruise  In 
the  Pacific  Ocean  as  far  as  Dutch  Harbor,  Alaska.  The  average  value  as 
measured  on  land  by  the  accurate  methods  which  are  possible  In  a  laboratory 

1 W.  Knoche,  Phya.  Zeit.  v.  18,  p.  825,  1912. 
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amounts  to  about  SSXIO"**  Corlee  per  cubic  meter,  so  that  the  value  for  tbe 
Pacific  Ocean  Is  only  about  3.9  p^  cent  of  that  found  on  land.    The  result  Is  In 
agreement  with  relative  measurements  over  land  and  ov^  the  Pacific  Ooe&D 
in  so  far  as  one  can  apply  any  meaning  to  these  relative  measurements.    TThns 
Linke  *  found  2.4,  and  Knoche  *  3.6  Elster  and  Geitel  units  for  the  Pacific  Ocean, 
the  unit  being  an  arbitrary  one  founded  on  the  Mster  and  Qeitel  method.     The 
mean  of  these  is  3  units.    As  typical  values  for  land  stations  we  have  the  fol- 
lowing:   Wolfenbtittel,"   19;    Freiburg,*   84;    Karasjok,*   93;    Hochtal    Arosa/ 
Switzerland,  91;  Altjoch  am  Kochelsee,^  UppCT  Bavaria,  137.     The  mean   of 
these  activities  is  85,  of  which  the  value  for  the  Pacific  Ocean  forms  about 
8.5  per  cent    This  is  in  good  agreement  with  the  value,  3.9  per  cent,  given 
above,  as  resulting  from  a  comparison  of  the  absolute  measurements  on  sea 
and  land. 

The  small  value  for  the  radioactive  content  over  the  ocean  is  in  line  with 
what  might  be  expected  when  it  is  remembered  that  the  active  emanations 
ultimately  come  almost  entirely  from  the  land  and  are  only  to  be  found  over 
the  sea  as  a  result  of  the  action  of  the  wind. 

The  average  amount  of  radium  emanation  over  the  Pacific  Ocean,  as  deter- 
mined by  the  portion  of  the  fourth  cruise  here  considered,  is  capable  of  account- 
ing for  the  production  of  about  0.07  ion  per  cubic  centimeter  per  second.    If  we 
assume  the  well-known  relation  q=an\  l>etween  n,  the  number  of  ions  p^  cubic 
centimeter  of  one  sign   (the  numbers  for  both  signs  being  supposed  equal), 
q  the  rate  of  production,  and  a  the  coflicient  of  recombination  of  the  ions,  we 
can  find  the  value  of  q  necessary  to  account  for  any  assigned  value  of  n. 
According  to  the  results  of  the  Carnegie  %  fourth  cruise,  the  measured  value 
of  n  for  the  Pacific  Ocean  is  at  least  as  great  as  800.    In  addition  to  those 
ions  which  are  measured  by  the  apparatus,  and  which  are  referred  to  as  small 
ions,  there  is  in  tbe  atmosphere  a  class  of  ions,  the  so-called  large  ions,  of 
a  much  more  slowly  moving  type,  and  these  ions  do  not  l>ecome  measured 
by  the  ion  counter.    In  order  to  account  for  the  800  small  ions  alone,  however, 
we  find,  taking  a=2.5X10"',  that  q  must  have  a  value  equal  to  1.6.    Hence 
the  radioactive  material  in  the  air  over  the  Pacific  Ocean  is  only  sufficieht 
to  provide  for  about  4.4  per  cent  of  the  rate  of  production  of  ions  necessary 
to  account  even  for  the  presence  of  the  small  ions.    It  is  true  that  the  uncer- 
tainties inherent  in  the  method  of  determining  the  emanation  content  from 
the  active  deposit  are  such  as  to  give  a  value  which  is  too  low,  but  after 
making  all  allowances  for  such  considerations,  we  can  not  but  conclude  that 
the  radioactive  content  over  the  Pacific  Ocean  Is  far  too  small  to  play  an 
important  part  in  controlling  the  Ionization  of  the  atmosphere.     A  similar 
remark  applies  to  the  radium  emanation  contained  In  the  sea  water,  which 
is  likewise  known  to  be  excessively   small,  so  that  there  remains  for  tbe 
explanation  of  atmospheric  ionization  only  that  source,  whatever  It  is,  which 
is  responsible  for  the  formation  of  ions  In  a  closed  vessel. 

The  present  measurements  show  the  number  of  Ions  produced  per  cubic 
centimeter  per  second  in  a  closed  vessel  to  be  3.2  over  the  Atlantic  and  3.9 
over  the  Pacific  Ocean.  These  results  are  In  general  agreement  with  tbe 
values  ranging  from  4  to  6  found  by  Simpson  and  Wright  In  the  Atlantic  and 

iPhll.  Trans.  B.  Soc,  A.,  v.  205,  p.  61,  1905. 

*  QStdngen  Nach.  Oes.  Wlsfl.,  1906. 

«  Phys.  Zelt.  v.  18,  p.  112,  1912. 

*Phy8.  Zelt  V.  4,  p.  526,  1908. 

•Phys.  Zelt,  v.  5,  p.  591,  1904. 

«  Phys.  Zelt,  v.  4,  p.  626,  1908. 

»  Phys.  Zeit,  v.  5,  p.  11,  1904. 
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Indian  Oceans.  The  number  of  ions  known  to  be  produced  per  cubic  centi- 
meter per  second  in  a  closed  vessel  over  land  is  about  10,  and  the  excess 
can  be  accounted  for  by  the  7  ray  radiation  from  the  active  materials  In 
the  soil,  and  the  secondary  p  ray  radiation  which  it  produces  from  the  walls 
of  the  vesseL  If  we  could  assume  all  of  the  ions  produced  in  a  closed  vessel 
over  the  sea  to  have  their  origin  in  causes  other  than  the  vessel  itself,  we 
should  be  provided  with  a  source  of  ionization  more  than  sufficient  to 
account  for  the  existence  of  the  small  ions,  but  the  question  as  to  how  far 
the  ionization  produced  In  a  closed  vessel  of  this  kind  is  really  the  result 
of  actions  other  than  that  of  radioactive  impurities  in  the  vessel,  is  still  to 
some  extent  an  open  one. 

Perhaps  one  of  the  chief  difficulties  resulting  from  a  comparison  of  the  ioni- 
zation over  the  land  and  ocean  arises  from  the  fact  that  if  we  assume,  as  we 
must  do,  a  sufficiently  large  value  for  the  ionization  caused  by  the  penetrating 
radiation,  to  account  for  the  ionization  over  the  ocean  (i.  e.,  a  rate  of  formation 
of  1.6  ions  per  cubic  centimeter  per  second),  it  would  seem  that  we  must 
consider  this  cause  to  be  active  over  land  also.  Thus  the  rate  of  production 
of  ions  which  can  be  accounted  for  on  land  is  at  least  1.6  plus  the  rate  of 
production  which  can  be  accounted  for  by  the  radioactive  materials  in  the 
earth  and  atmosphere  on  land.  The  latter  contribution  amounts  to  4.5,  accord- 
ing to  the  estimation  of  Eve,*  hence  the  value  of  q  which  can  be  accounted 
for  on  land  is  at  least  about  6,  and  this  is  much  more  than  is  necessary  to 
account  for  the  observed  number  of  (small)  ions,  the  latter  being  no  greater 
than  the  value  found  at  sea.  It  would  seem  that  the  explanation  of  this 
difficulty  must  be  sought  in  the  slowly  moving  ions,  which,  though  they  con- 
tribute very  little  to  the  conductivity,  nevertheless  have  to  be  maintained, 
since  they  are  continually  suffering  recombinations. 

The  total  number  of  ions,  small  and  large,  over  the,  ocean  must  be  supposed 
to  be  smaller  than  that  over  land,  but  the  greater  purity  of  the  air  over  the 
ocean  will  result  in  the  fraction  of  the  iohs  which  exist  there  as  small  ions 
being  greater  than  the  corresponding  fraction  over  land.  The  practical  equality 
of  the  measured  numbers  of  small  ions  over  land  and  sea  drives  us  to  the  con- 
clusion that,  as  far  as  this  fact  is  concerned,  the  decrease  in  the  total  ioniza- 
tion over  the  sea  is  just  compensated  by  the  greater  fraction  of  the  ions  which 
then  function  as  small  ions.  Thus,  for  example,  if  we  were  to  assume  that 
there  are  no  slowly  moving  ions  over  the  sea,  we  should  have  qf=1.6  as  the 
total  ionization  over  the  sea.  Hence,  total  ionization  over  land=1.6H-4.6=6.1. 
Hence,  if  n«  and  m  refer  to  the  total  numbers  of  small  ions  per  cubic  centi- 
meter over  sea  and  land,  req;)ectively,  N  to  the  number  of  large  ions  per 
cubic  centimeter  over  the  land,  and  If  a  is  the  same  for  both  classes  of  ions— 
N+n» 


<m'-' 


j^     n.«.    =about2. 

Hence,  since  ni=n«  approximately,  we  should,  on  the  basis,  find  N=ni— i.  e., 
the  number  of  small  ions  per  cubic  centimeter  on  the  land  would  be  about  equal 
to  the  number  of  large  ions.  If  the  ions  over  the  sea  are  not  entirely  of  the 
quickly  moving  class,  an  argument  of  this  type  would  lead  to  the  conclusion 
that  the  number  of  large  ions  over  the  land  is  greater  than  the  number  of 
small  ions. 

It  will  thus  be  gathered  from  the  foregoing  remarks,  that  the  two  outstanding 
problems  which  are  of  primary  importance  for  the  satisfactory  clarification  of 
our  ideas  on  the  ionization  over  the  land  and  sea  are  (1)  the  problem  of 
determining  how  much  of  the  ionization  produced  in  a  closed  vessel  is  to  be 

»   PhU.  Mag.,  B.  6,  v.  21,  p.  84,  1911. 
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attributed  to  causes  other  tban  the  vessel  itself,  and  (2)  tbe  problem  of  de- 
termining, over  land  and  sea,  the  average  number  of  slowly  moving  ions  per 
cubic  centimeter. 

The  Chairman.  Dr.  Swann's  paper  is  now  before  you  for  dis- 
cussion for  a  few  minutes. 

Mr.  Humphreys.  I  should  like  to  ask  Dr.  Swann  whether  he 
knows  of  any  work  that  has  been  done  toward^  determining  the  dif- 
ference in  the  number  of  large  ions  at  times  of  dust  storms  and  at 
times  when  the  atmosphere  is  apparently  very  clear,  either  on  the 
land  or  over  the  ocean,  especially  after  a  storm  over  the  ocean,  which 
would  produce  spray  and  leave  a  large  salt  content  in  the  atmos- 
phere, and  whether  the  large  ions  would  be  more  numerous  then  than 
at  times  when  the  atmosphere  is  clear. 

Mr.  Swann.  I  do  not  think  they  are  formed  exactly  in  that  way, 
but  that  after  a  rain  the  number  of  small  ions  is  increased. 

Mr.  Humphreys.  Absolutely  increased  or  relatively  increased? 

Mr.  Swann.  Say  that  on  an  average  there  are  700,  at  such  times 
there  will  be  1,000.  With  regard  to  the  actual  effect  there  is  some 
difficulty.  There  is  so  much  dust  in  the  atmosphere  under  all  con- 
ditions that  if  each  dust  speck  was  attached  to  an  ion  they  would  all 
be  large  ions,  and  this,  I  think,  presents  some  little  difficulty. 

Mr.  Bauer.  I  presume  that  those  who  are  left  of  the  early  ob- 
servers of  the  Weather  Bureau  will  probably  appreciate  that  some 
progress  has  been  made  not  only  in  methods  but  also  in  the  instru- 
ments that  are  now  being  used  for  electric  observations.  That  is 
chiefly  due  to  the  fact  that  we  have  had  a  laboratory  here  in  Wash- 
ington where  it  has  been  possible  to  carry  out  laboratory  studies 
before  using  electrical  instruments  in  the  field.  Owing  to  the  lim- 
ited time.  Dr.  Swann  did  not  have  the  opportunity  to  mention 
that  we  are  now  in  the  position  of  realizing  and  carrying  out  a 
project  that  has  been  planned  for  some  time,  namely,  an  electrical 
survey  of  the  earth  along  lines  similar  to  that  of  the  magnetic 
survey  that  is  being  carried  out.  I  think  Prof.  Rowland  was  the 
first  to  bring  that  project  before  the  world  at  the  electrical  congress 
in  Paris  is  1883.  The  project  of  an  electric  survey  of  the  earth  has 
been  proposed  at  various  times,  but  invariably  the  resolution  has 
failed  to  be  adopted,  for  the  reason  that  the  statement  was  made, 
**We  do  not  know  yet  just  what  our  instruments  are  capable  of.*^ 
Owing  to  the  various  studies  which  have  been  made  we  feel  some- 
what more  sure  of  our  results,  more  sure  of  the  indications  of  the 
instruments,  and  we  are  now  planning  a  general  electric  survey  of 
the  earth ;  not  only  of  the  ocean,  but  we  also  hope  in  the  near  future 
to  equip  our  magnetic  survey  expeditions  on  land  with  electrical 
instruments,  so  that  the  two  projects — a  magnetic  survey  and  an 
electrical  survey — ^may  go  on  at  the  same  time. 
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The  Chairman.  I  will  ask  your  attention  next  to  a  paper  on 
**  Frost  in  the  United  States,^  by  William  Gardner  Eeed,  of  the  Office 
of  Farm  Management,  United  States  Department  of  Agriculture^ 
Washington,  D.  C. 


FROST  IN  THE  UNITED  STATES. 

By  WILLIAM  GARDNER  REED, 
Meteorologist^  U,  8.  WeatJier  Bureau,  Washington,  D.  C. 

HVTBODUCl'lOlf, 

The  period  of  plant  growth  in  aU  middle  latitude  countries,  such  as  the 
United  States,  is  limited  by  the  occurrence  of  low  temperatures.  Of  these  low 
temperatures,  killing  frost,  so-called,  probably  has  the  greatest  bearing  upon 
agriculture.  A  killing  frost  may  be  defined  as  a  low-temperature  condition 
which  is  so  injurious  to  plant  tissues  that  growth  is  no  longer  possible,  even 
when  the  low  temperature  has  passed.  The  limitation  of  plant  growth  by 
frost  is  different  from  that  due  to  lack  of  energy  sufficient  to  bring  the  plant 
to  maturity.  The  frost  limitation  results  from  the  definite  destruction  of  plant 
tissues,  and  in  most  cases  when  the  growth  for  a  single  year  is  injured  by  frost 
that  year's  crop  is  destroyed. 

TBI  If  ATUBB  07  TBOST. 

Frost  conditions  have  been  classified  under  three  headings:  (1)  The  com- 
mon hoar  frost;  (2)  the  dry  freeze  or  black  frost;  (3)  the  general  freeze. 
The  first  two  are  the  result  of  the  chilling  of  the  surface  air  by  rapid  radiation 
from  the  earth  to  space  and  are  essentially  local  conditions.  They  are  often 
the  result  of  widespread  controls,  but  the  temperature  in  each  locality  is 
mainly  the  result  of  local  radiation  conditions.  The  general  freeze  is  a 
condition  when  the  temperature  of  the  whole  mass  of  air  is  dangerously 
low.  The  general  freeze  is  not  the  result  of  local  conditions,  although  the  low 
temperatures  during  a  general  freeze  are  often  intensified  by  the  local 
radiation.* 

From  the  point  of  view  of  frost  damage  and  from  the  effects  on  vegetation 
of  these  low-temperature  conditions  the  Weather  Bureau  has  made  the  follow- 
ing classification : 

Light  frost. — ^That  which  has  no  destructive  effect,  although  tender  plants 
and  vines  in  exposed  places  may  be  injured. 

Heavy  frost. — That  in  Itself  severer  than  a  light  frost;  that  is,  the  deposit 
ii  frost  is  heavier  and  the  temperature  falls  to  a  lower  point,  although  the 
staple  crops  of  the  locality  are  not  generally  destroyed. 

KiUing  frost.— That  which  is  generally  destructive  of  vegetation  and  the 
staple  crop  of  the  locality.* 

>  Deals,  B.  A.  ForecaRting  frost  In  the  north  Pacific  States.  U.  8.  Weather  Bureau 
Bol.  41,  Washington,  1912,  p.  41. 

*n.  8.  Weather  Borean,  Instrument  Div.,  Circular  B  and  C,  ed.  6,  Washington,  1915.. 
9.  20. 
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The  character  of  frost,  whether  light,  heavy,  or  killing,  must  sometimes  be 
determined  by  the  phenomenon  itself,  rather  than  by  its  effect  on  vegetation  and 
the  staple  crops,  since  the  latter  may  have  passed  the  state  where  injury  was 
possible.* 

It  should  be  noted  that  there  is  some  doubt  as  to  whether  the  reported 
frosts  correspond  very  closely  with  these  definitions.  It  is  probable  that  in 
many,  if  not  most,  parts  of  the  United  States  a  killing  frost  is  regarded  simply 
as  a  temperature  condition  which  is  destructive  to  unprotected  garden  vege- 
tables. It  is  certain  that  hardy  grains  are  frequently  or  usually  not  killed  by 
temperatures  which  are  reported  as  killing  frosts.  Such  an  agricultural  classi- 
fication of  any  meteorological  phenomenon — and  the  occurrence  of  frost  must 
be  regarded  as  a  meteorological  phenomenon,  although  many  of  its  effects  are 
clearly  agricultural — Is  unsatisfactory  because  It  depends  upon  tjie  opinion  of 
Individual  observers  which  of  necessity  varies;  because  different  plants  are 
subject  to  different  amounts  of  damage  from  the  same  temperature  condi- 
tions; and  because  the  same  plants  are  not  equally  susceptible  to  damage  in 
different  stages  of  their  development.  However,  the  agricultural  significance 
of  these  temperature  conditions  does  rest  upon  the  damage  which  results  from 
the  temperature  conditions,  and  to  that  extent  at  least  an  agricultural  standard 
is  Justified.  The  inconsistencies  in  recording  killing  frosts  are,  moreover,  not 
as  great  in  practice  as  they  would  be  if  all  observers  followed  strictly  the 
Weather  Bureau  definition.  There  are,  of  course,  many  stages  of  frost  damage 
and  whether  or  not  a  particular  frost  Is  to  be  recorded  as  "heavy"  or 
**  killing "  is  largely  a  matter  of  opinion.  Many  frosts  are  clearly  killing  and 
many  are  clearly  not  killing,  but  the  frosts  which  have  the  greatest  agricul- 
tural bearing,  namely,  those  of  the  late  spring  or  early  fall,  are  often  on  the 
border  line  between  heavy  and  killing,  and  the  designation  of  these  frosts 
becomes  of  great  Importance.  It  Is  desirable,  therefore,  that  some  temperature 
condition  should  be  established,  if  possible,  which  corresponds  with  the  condi- 
tions of  killing  frosts.  This  unfortunately  has  not  been  the  case  so  far, 
although  Fassig  has  adopted  an  air  temperature  of  273**  A.  (32*  F.)  as  a 
better  Indication  of  the  conditions  than  the  reported  killing  frosts  in  Mary- 
land.   He  says : 

Some  of  the  reasons  which  may  be  advanced  In  favor  of  the  method  of  deter- 
mining the  period  from  the  temperature  records  are  the  following : 

1.  The  temperature  is  observed  and  recorded  regularly  each  day,  and  the 
record  Is  therefore  complete  for  the  entire  season. 

2.  Frost  records  are  apt  to  be  Incomplete  unless  they  occur  at  critical  periods 
in  plant  growth.  This  failure  to  record  frosts  Is  particularly  noticeable  in 
records  of  spring  frosts;  stations  having  excellent  fall  records  have  often  a 
very  defective  record  of  spring  frosts.  Frosts  occurring  after  a  long  period 
of  warm  weather,  as  in  summer  or  early  fall,  are  likely  to  be  more  conspicu- 
ous events  than  the  last  of  a  series  of  many  frosts  occurring  throughout  the 
winter  and  early  spring. 

8.  In  recording  frosts  there  is  always  a  variable  personal  factor,  opinions 
differing  as  to  the  extent  and  severity  of  the  frost,  resulting  in  the  same  frost 
being  designated  as  "  heavy  "  or  "  killing."  In  recording  temperatures,  on  the 
other  hand,  this  personal  factor  is  practically  eliminated. 

4.  There  is  a  fairly  fixed  and  uniform  relation  existing  between  the  tempera- 
ture in  the  shelter  and  the  occurrence  of  a  killing  frost  in  any  given  locality, 
and  this  factor  can  be  readily  determined  from  a  comparatively  short  series  of 
observations. 

5.  For  reasons  stated  above  a  reliable  "frostless  period"  may  be  estab- 
lished for  a  given  locality  from  a  shorter  series  of  observations  by  the  use  of  a 
temperature  record  than  by  the  use  of  a  frost  record.* 

^U.  S.  Weather  Borean;  Instructions  for  preparing  meteorological  forms,  ed.  1916, 
Washington,  1014,  p.  11. 

'Fassig,  O.  L. :  Period  of  safe  plant  growth  in  Maryland  and  Delaware,  (U.  S.] 
Monthly  Weather  Review,  42 :  162-168,  Washington,  1914,  p.  152. 
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In  practice  many  of  the  frost  data  used  of  the  maps  presented  with  this 
paper  have  been  determined  by  the  occurrence  of  freezing  temperatures.  There 
is  a  varying  difference  in  temperature  between  the  ground  and  the  air  at  the 
height  of  the  Instrument  shelter,  which  depends  upon  a  great  variety  of  condi- 
tions, among  which  are  the  state  of  the  sky,  the  humidity  (perhaps  the  amount 
of  water  vapor  is  more  important  than  the  relative  humidity),  the  air  move- 
ment, and  the  length  of  the  night  But  as  the  controls  are  also  the  controls 
of  frost,  Fassig's  statement  holds  in  most  cases. 

If  an  agricultural  standard  is  used  for  the  determination  of  frost,  it  will  be 
found  that  these  low  temperatures  are  of  the  greatest  concern  to  agriculture  at 
times  when  the  crops  are  in  a  condition  to  be  damaged.  The  probable  occur- 
rence of  such  damaging  conditions  limits  the  availability  of  different  portions 
of  the  United  States  as  agricultural  regions,  and  a  knowledge  of  these  condi- 
tions will  prevent  many  agricultural  failures.  The  portions  of  the  United 
States  in  which  freezing  temperatures  are  not  of  annual  occurrence  are  very 
limited.  These  are  a  part  of  the  peninsula  of  Florida,  the  immediate  Gulf  coast, 
and  a  small  area  in  southern  California  and  Arizona.  In  so  far  as  these  con- 
ditions are  regular  and  not  extended  beyond  the  usual  time  of  occurrence, 
they  are  not  to  be  feared ;  this  is  a  period  of  plant  inactivity,  herbaceous  plants 
are  not  above  the  ground,  and  trees  are  dormant  Except  for  the  regions  men- 
tioned, frost  damage  during  the  winter  is  not  important  It  is  only  the  rare 
occurrence  of  extremely  low  temperatures  which  results  in  winter-killing,  and 
this  is  an  entirely  distinct  phenomenon,  not  to  be  confused  with  frost  damage. 

FBOST    BEOOBDS. 

In  the  United  States  frost  is  of  agricultural  significance  In  different  regions 
at  different  times.  In  the  region  of  the  citrus  fruits— that  is,  Florida,  the 
Gulf  coast,  and  southern  California — ^frost  damage  will  occur  whenever  the 
fruit  is  on  the  trees,  provided  the  temperature  falls  a  few  degrees  below  freez- 
ing. Slightly  lower  temperatures  are  necessary  to  damage  the  trees,  but  the 
general  statement  that  any  freezing  temperature  is  dangerous  in  the  citrus 
region  is  not  far  from  correct  Outside  the  citrus  region  winter  frosts  are  of 
very  little  importance ;  it  is  the  spring  and  fall  frosts  which  become  of  interest 
to  agriculture.  Deciduous  fruit  trees  are  dormant  during  the  winter;  low 
temperatures  are  to  be  feared  only  after  growth  has  commenced.  The  time 
of  danger  from  frost  to  the  deciduous  fruits  is  the  time  between  the  opening 
of  the  buds  and  the  picking  of  the  fruit.  Of  course,  during  a  great  deal  of  this 
time  the  temperature  conditions  are  such  that  frosts  do  not  occur  in  regions 
where  fruit  is  grown.  The  period  of  anxiety  is,  therefore,  limited  to  the  begin- 
ning and  the  end  of  the  season  of  plant  activity ;  that  is,  from  the  opening  of 
the  buds  to  the  setting  of  the  fruit  in  the  spring  and  the  period  Just  before 
picking  In  the  autumn.  Other  crops  than  fruit  are  subject  to  varying  amounts 
of  damage  by  frost.  Temperatures  not  many  degrees  below  freezing  are 
destructive  to  most  crops  except  the  hardy  grralns,  and  successful  agriculture 
can  not  be  carried  on  except  In  regions  where  the  time  between  the  last  killing 
frost  In  spring  and  the  first  killing  frost  in  autumn  is  as  long  or  longer  than 
the  normal  period  of  growth  required  by  the  plants. 

The  agricultural  Importance  of  frost  data  can  hardly  be  overemphasized, 
since  the  character  of  the  farming  In  any  region  is  dependent  upon  the  time 
between  killing  frosts.  This  does  not  mean  that  the  time  between  killing  frost 
Is  the  only  consideration,  but  that  the  period  available  for  plant  growth  Is 
limited  to  this  time.  There  are  often  other  limiting  conditions,  such  as  lack 
of  heat  in  sufficient  amounts  to  permit  plants  to  reach  maturity.  These  other 
6843^— VOL  n— 17 38 
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conditions  may  prevent  the  growth  of  all  the  crops  which  would  Kppear  poosXble 
from  the  length  of  the  season  between  killing  frosts,  but  the  length  of   tbe 
season  is  to  be  regarded  as  a  very  important  and  very  definite  limitation.     It 
is,  of  course,  possible  to  protect  crops  from  frost  damage,  but  this  protecH:l€Ni 
can  profitably  be  carried  on  only  within  very  narrow  limits.     Protection    is 
always  obtained  at  considerable  expense,  and  unless  applied  to  a  higli-valiie 
crop  is  seldom  justified  by  the  returns.    Thus  protection  from  damage  by  frost 
is  to  be  regarded  as  a  type  of  the  most  intensive  methods  of  cultivation,  wlil<^ 
can  profitably  be  resorted  to  only  for  such  crops  as  fruits  and  vegetables  wbere 
the  value  \a  concentrated  and  where  the  profits  from  cultivation  out  of  tbe 
natural  season  or  out  of  the  natural  region  are  great    As  a  type  of  cultivatioo 
out  of  the  natural  season,  various  garden  vegetables  grown  particularly  in  the 
spring  may  be  noted,  and  the  extension  of  orange  culture  into  colder  regions 
is  a  good  example  of  a  type  of  production  out  of  a  natural  region.    Both  of 
these  types  of  extension  are  apt  to  enlarge  the  profits ;  vegetables  reaching  the 
market  early  command  high  prices,  the  best  oranges  are  grown  at  the  very 
limits  of  the  possible  orange  regions,'  but  it  is  only  in  such  conditions  as  the9e 


Fio.  1.— From  U.  8.  Weather  Bnreso:  Instroctkuis  for  preparing  meteorologioal  forms. 

that  frost  protection  is  at  all  justified.  It  must  be  looked  upon  as  an  insurance 
charge  which  the  crop  must  carry  In  addition  to  its  value,  and  only  increased 
profits  can  justify  this  charge.* 


THE  OCCTJRRENCB  OF  FBOST  IN  THE  UNITED  STATES. 

Except  in  a  limited  region,  frost  is  an  annual  phenomenon  throughout  the 
United  States.  The  length  of  the  season  between  the  last  killing  frost  in  spring 
and  the  first  killing  frost  in  fall  decreases  within  increasing  latitude.  Figure  1 
shows,  in  a  general  way,  the  conditions  of  spring  frost.  This  map  was  prepared 
by  the  Weather  Bureau  as  a  guide  to  its  officials  in  recording  frosts  in  the 

^Coit,  J.  B.    atms  fruits,  N.  Y.,  BfacmUlan,  1916,  p.  25. 

*  See  Beed,  W.  G. :  Protection  from  damage  by  frost  Geographical  Beriew,  1 :  110-122, 
New  York,  1916. 
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spring.  It  Is  intended  that  the  last  killing  frost  in  any  year  shall  be  recorded 
by  each  regular  Weather  Bureau  station.  It  is  not,  however,  desired  to  record 
frost  every  day  during  the  winter.  The  naap,  therefore,  represents  a  compromise 
between  these  two  ideas.  The  most  significant  thing  about  this  map  is  the  fact 
that  it  shows  clearly  that  while  the  last  killing  frost  in  spring  along  the 
Gulf  coast  and  in  California  may  occur  at  any  time,  the  date  of  this  last  frost 
becomes  later  and  later  until  in  a  considerable  portion  of  the  country  there  is 
little  or  no  possibility  of  the  last  killing  frost  occurring  before  May  1.  In 
the  fall  the  problem  is  simpler,  as  the  dates  of  light  and  heavy  frosts  are 
recorded,  and  that  of  the  first  killing  frost  only,  after  which  no  frost  Is  recorded. 
The  temperatures  dangerous  to  growing  plants — that  is,  temperatures  which  are 
recorded  as  killing  frosts — are  usually  those  associated  with  the  types  known 
as  "hoar  frost"  and  "black  frost"  The  "general  freeze,"  which  is  a  winter 
weather  type,  and,  although  not  usually  found  at  the  beginning  and  end  of  the 
warmer  season,  is  occ^asionally  destructive  to  plants  in  the  spring  or  fall. 

The  frost  conditions  of  spring  and  fall  are  mainly  the  result  of  local  nocturnal 
cooling  under  the  clear  sky  conditions  accompanying  anticyclones.  The  weather 
conditions  which  precede  and  accompany  frost  in  the  various  sections  of  the 
United  States  are  closely  associated  with  the  progressive  movement  of  these 
areas  of  high  pressure.  East  of  the  Rocky  Mountains  the  general  movement 
of  these  anticyclones  is  from  the  northwest  to  the  southeast.  As  a  rule  the 
area  in  which  frost  occurs  is  southeast  and  a  little  in  advance  of  the  area 
of  high  pressure. 

It  is  frequently  possible  to  follow  the  advance  of  frost  conditions  across  a 
large  portion  of  the  eastern  United  States.  The  frost  probability  is  successively 
transferred  eastward  with  considerable  overlapping  of  the  areas  visited  by 
frost  from  day  to  day.  Generally  the  eastern  portion  of  the  area  visited  by 
frost  one  day  will  receive  a  second  visitation  on  the  following  day.  Studies 
of  the  occurrence  of  frost  by  the  forecast  officials  of  the  Weather  Bureau  are 
grouped  about  the  anticyclone  as  a  unit  rather  than  about  any  geographical  dis- 
trict, since  frost  may  occur  from  rather  widely  varying  conditions  of  the 
cyclone  with  respect  to  any  particular  district.* 

Frost  west  of  the  Rocky  Mountains  may  be  regarded  as  a  somewhat  simpler 
problem  than  that  in  the  eastern  United  States.  Frost  forecasting  in  the 
Pacific  Northwest  has  been  adequately  discussed  by  Beals.*  In  the  Pacific 
Northwest  frosts  are  intimately  associated  with  the  existence  of  an  anti- 
cyclone over  the  states  of  Washington,  Oregon,  and  Idaho.  The  extension  of 
this  anticyclone  over  the  Pacific  Ocean  aeema  to  make  very  little  difference  as 
long  as  a  portion  overlies  the  land.  In  other  words,  the  transfer  of  air  from 
the  continent  toward  the  ocean  seems  to  be  of  relatively  little  importance. 
This,  however,  is  not  the  case  with  the  occurrence  of  frost  in  California. 
While  there  are  numerous  minor  variations  of  the  frost  type  for  California 
and  Nevada,  the  essential  features  of  this  weather  type  are  exceedingly  simple. 
An  anticyclone  overlies  some  portion  of  the  Basin  Region  accompanied  by  the 
usual  outflowing  winds.  This  gives  the  State  of  California  easterly  and  north- 
easterly winds  for  24  to  36  hours  before  frost  occurs.  Under  these  conditions 
the  air  is  apt  to  be  clear  and  dry,  and  often  a  great  deal  of  cold  air  has  been 
transferred  from  the  colder  continental  Interior.  As  long  as  the  wind  con- 
tinues to  blow  this  air  will  usually  be  so  well  mixed  that  local  radiation  will 

^The  writer  is  indebted  to  the  forecast  officials  of  the  U.  S.  Weather  Bureau  for  this 
statement  of  frost  occurrence. 

*  Seals,  B.  A. :  Forecasting  frost  in  the  north  Pacific  States,  U.  8.  Weather  Bureau, 
Bol.  41,  Washington,  1912. 
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not  be  able  to  effect  much  farther  cooling,  but  If  the  wind  f^Us  off,  cooUne  bx 
night  becomee  of  the  utmost  importance/ 

The  fact  that  frost  conditions  are  generally  associated  with  anticydones  Is 
of  great  agricultural  significance.  The  anticjK^lone  is  characteristically  ao 
companied  by  dear  weather;  in  fact,  frost  conditions  are  essentially  those  of 
clear  nights.  The  same  atmospheric  conditions  which  result  in  clear  frosty 
nights  are  also  those  of  bright  sunny  days,  so  that  days  somewhat  warm  tor 
the  season  frequently  occur  at  the  same  time  as  nights  with  frost  Tliese 
days  encourage  the  plants  to  carry  on  their  actiyities  of  growth  with  the  result- 
ing new  and  tender  tissues.  With  the  rapid  nocturnal  cooling  by  radiattoo 
from  the  plant  and  from  the  low^  air,  the  plant  Juices  are  apt  to  be  frosen 
and  the  plants,  especially  the  new  tissues,  are  often  damaged.' 

FBOST    DAMAGE. 

The  mechanism  of  frost  damage  is  complicated  and  not  very  well  understood. 
The  following  general  discussion  shows  the  present  state  of  knowledge : 

Once  it  was  supposed  that  frost  injuries  were  due  directly  to  the  formation  of 
ice  in  the  cells;  the  expansion  of  water  in  freezing  was  thought  to  burst  the 
cell  walls,  Just  as  it  bursts  the  water  pipes  in  our  houses  in  severe  weather. 
This  plausible  theory  was,  however,  disproved  by  examination  of  freezing  plant 
tissues  under  the  microscope.     The  process  that  ordinarily  occurs  is  this: 

Ice  forms  not  in  but  between  the  cells,  and  in  so  doing  gradually  extracts 
the  water  from  the  latter  through  the  cell  walls.  There  are  two  ways  In  which 
this  loss  of  water  may  kill  the  protoplasm  of  the  cell,  and  opinions  are  still 
divided  among  plant  physiologists  as  to  which  is  the  more  important  one. 

The  belief  that  was  generally  entertained  a  few  years  ago  was  that  the 
desiccation  of  the  cell  contents  caused  a  collapse  of  the  protoplasm,  and  that 
whether  or  not  this  collapse  was  permanently  injurious  depended  especially 
upon  whether  the  water  was  all  restored  to  the  cell  in  the  subsequent  thaw. 
If  the  temperature  rose  grodually  the  water  would  have  time  to  soak  back 
through  the  cell  wall,  and  the  protoplasm  would  resume  its  normal  condition. 
In  a  rapid  thaw  the  cells  would  not  be  able  to  take  up  the  water  as  fast  as  It 
was  furnished,  much  of  the  water  would  escape,  and  the  structure  of  the  proto- 
plasm would  be  permanently  broken  down  and  destroyed. 

A  more  recent  view  is  that  the  injury  is  purely  chemical ;  the  loss  of  water 
causes  a  concentration  of  the  salt  solutions  in  the  cell,  and  these  attack  aad 
"precipitate"  the  proteins — a  process  too  complicated  to  explain  here  in  detail. 
Suffice  it  to  say  that,  according  to  this  view,  the  death  or  survival  of  the  tissues 
depends  upon  the  length  of  time  the  concentration  of  the  cell  sap  continues  and 
not  upon  the  rate  of  subsequent  thawing. 

We  have,  then,  two  rival  theories  of  frost  injury:  According  to  one  the 
damage  is  done  chiefly  after  the  actual  freezing  is  over,  and  may  be  avoided 
if  the  temperature  rises  slowly ;  according  to  the  other  the  injury  occurs  during 
the  frozen  state,  and  depends  upon  the  duration  of  that  state. 

Perhaps  horticultural  writers  have  generally  laid  too  much  emphasis  upon  the 
importance  of  gradual  defrosting.    Thus  it  has  been  commonly  stated  that  wind- 

1  See  McAdie,  A.  O. :  Froet  fighting,  U.  S.  Weather  Bureau  BuL  29,  Washiiigtoii, 
1900 ;  "  Frost "  in  the  Climatology  of  California,  U.  8.  Weather  Bnrean  BvL  L :  227-287, 
Washington,  1908;  and  elsewhere. 

*For  more  detailed  statements  of  the  conditions  under  which  frosts  occur  see  U.  S. 
Weather  Bureau :  Weather  forecasting  in  the  United  States,  pp.  177-215,  Washington, 
1916. 
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breaks,  covers,  and  other  devices  to  shield  buds  or  blossoms  from  the  direct  rays 
of  the  rising  sun  after  a  night  of  frost  will,  unless  the  frost  has  been  very 
severe,  save  the  fruit  by  iHreventing  a  too  rapid  rise  of  temperature.  A  certain 
aniount  of  evidence  recently  accumulated  throws  some  doubt  upon  the  necessity 
for  such  precautions.  For  example,  during  the  frost  of  December  26,  1911,  in 
southern  California,  when  several  million  dollars*  worth  of  citrus  fruit  was 
damaged,  it  is  stated  that  at  one  point  the  temperature  rose  24^  in  two  hours 
without  injury  to  the  fruit.  The  results  of  experiments  made  by  the  Bureau 
iji  Plant  Industry  in  a  cold-storage  warehouse  where  mranges  were  allowed  to 
thaw  out  under  various  conditions  after  having  been  kept  at  low  temperatures 
are  reported  as  follows : 

The  length  of  time  the  fruit  remains  in  a  frozen  condition  has  a  very  material 
effect  upon  its  condition  after  thawing  out  There  is  apparently  an  optimum 
temperature  for  thawing  the  frozen  fruit  with  the  least  resultant  injury.  If 
the  thawing  is  done  too  slowly  the  fruit  is  injured  more  than  where  a  some- 
what higher  defrosting  temperature  is  used  and  the  thawing  accomplished 
more  quickly.  On  the  other  hand,  it  was  found  that  quick  defrosting  was 
more  injurious  than  slow  defrosting,  so  that  It  appears  probable  that  through 
experiment  the  defrosting  temperature  which  would  be  most  effective  could 
be  determined. 

In  other  words,  both  the  duration  of  the  frozen  state  and  the  rate  of 
defrosting  are  Important  in  determining  the  fate  of  the  fruit;  but  while  slow 
defrosting  is  desirable,  It  should  not  be  too  slow.  It  is  assumed  here  that 
what  applies  to  the  mature  fruit  of  the  cold-storage  experiments  also  applies 
to  the  earlier  stage  of  bud  and  blossom,  though  In  the  latter  case  the  process 
is  doubtless  complicated  by  the  effects  of  cold  upon  the  fertilization  of  the 
ovary  and  the  consequent  setting  of  the  fruit 

Evidently  much  more  investigation  Is  needed  concerning  the  nature  of  frost 
effects  within  the  plant  However,  there  appears  to  be  at  least  one  practical 
corollary  to  the  foregoing  information:  Even  if  orchard  heating  has  been 
delayed  until  after  freezing  temperatures  have  set  in  there  may  still  be  time 
to  save  the  fruit  The  utility  of  any  information  that  may  be  gained  in  regard 
to  the  ideal  conditions  of  defrosting  is  problematical,  for  it  is  not  easy  to 
see  how  such  knowledge  could  generally  be  applied  in  the  orchard. 

Now,  we  come  to  the  important  subject  of  frost  resistance.  Here,  also, 
much  work  remains  to  be  done,  and  it  is  the  duty  of  the  practical  horticul- 
turist as  well  as  the  scientist  to  help  in  the  common  cause. 

Comparatively  little  information  has  been  collected  so  far  as  to  the  tem- 
peratures that  various  species  and  varieties  of  cultivated  plants  will  endure 
for  an  Indefinite  period  without  Injury.  Such  Information  can,  at  best,  be 
stated  only  in  averages,  because  in  the  case  of  a  given  variety  its  ability  to 
withstand  cold  depends  somewhat  upon  the  weather  conditions  previous  to 
the  freeze.  Thus,  as  has  been  pointed  out,  a  few  days  of  warm  weather, 
together  with  an  ample  supply  of  soil  moisture,  will  cause  the  newly  formed 
cells  of  the  blossoms  and  fruits  to  be  filled  with  a  watery  protoplasm,  or  cell 
sap,  which  freezes  more  readily  than  concentrated  cell  sap. 

Moreover,  individual  plants  of  the  same  variety,  grown  under  apparently 
identical  conditions,  vary  somewhat  in  their  resistance  to  cold.  Nevertheless, 
average  statements  on  this  subject  are  exceedingly  valuable,  because  the 
orchardist  is  chiefly  interested  in  knowing  what  will  happen  in  the  long  run, 
in  the  orchard  as  a  whole,  and  need  not  concern  himself  with  sporadic  cases. 


600       PBOOEEDINQS  SECOND  PAN  AMERICAN  SCIENTIFIC  CONGSESS. 


An  authority  gives  the  following  table  sho¥ring  the  temperatures   (Fahren- 
heit) injurious  to  fruit  at  various  stages. 
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The  first  column  refers  to  buds  about  ready  to  open, 
buds  can,  of  course,  stand  far  lower  temperatures.' 


In  their  earlier  stages 


THE  FBOST  DATA  07  THS  UMITBI  8TATK8. 


The  records  of  frost  occurrence  in  the  United  States  are  numerous,  although 
not  as  complete  as  might  be  wished.  There  are  records  three  years  or  more  in 
length  for  nearly  5,000  stations;  these  records  have  been  made  under  the 
direction  of  the  Weather  Bureau  and,  taken  altogether,  are  a  mass  of  data  of 
inestimable  value.  Of  these  5,000  or  more  records,  there  are  about  700  which 
have  been  continued  for  more  than  20  years.  Tliese  data  have  made  possible 
the  compilation  of  maps  of  the  dates  of  frost  occurrence  over  the  eastern 
United  States.* 

Where  the  stations  at  which  frost  is  recorded  are  located  near  one  another 
the  official  data  are  sufficient  to  enable  Isochronal  lines  to  be  drawn  with  con- 
siderable accuracy,  especially  if  the  region  is  not  one  of  broiien  topography. 
This  is  the  condition  to  be  found  in  much  of  the  eastern  United  States,  and 
it  is  probable  that  the  addition  of  new  data  will  make  possible  only  minor 
improvements  in  the  lines  already  drawn  for  this  region.  In  a  mountainous 
region  such  as  the  western  United  States,  however,  the  condition  is  quite 
different.  Here  stations  are  widely  separated,  and  there  are  often  high  moun- 
tains or  deep  canyons  between  stations  relatively  near  together,  so  that  the 
conditions  at  the  stations  are  in  many  cases  only  local.  A  further  difficulty 
arises  from  the  fact  that  most  of  the  stations  in  the  western  United  States  are 
located  in  the  more  favored  places  where  farming  is  possible,  rather  than  in 
places  which  may  be  regarded  as  characteristic  of  tlie  whole  region.  It  is, 
therefore,  necessary  to  supplement  the  recorded  dates  of  frost  by  other  data 
unfortunately  less  subject  to  statistical  treatment  These  data  are  topography 
and  records  of  crops  and  natural  vegetation.  The  hardiness  of  many  types  of 
vegetation  is  known  rather  accurately,  and  a  study  of  the  vegetation  which  is 
able  to  maintain  itself  in  any  particular  region  gives  a  good  idea  of  the  char- 
acter of  the  temperature  conditions.  It  is  also  true  that  altitude  has  an  impo^ 
tant  effect  on  temperature.    The  last  killing  frost  in  spring  becomes  later  with 

^  Frazer.  Calvin :  The  frost  problem  up  to  date.  Country  Qentleman,  79 :860.  Phila- 
delphia, 1914. 

In  thi9  connection  tee  al»o  Chandler,  W.  H. :  The  killing  of  plant  tissue  by  low  tempera- 
ture.   Missouri  Agr.  Exp.  Sta.  Research  Bui.  8,  Columbia,  1918. 

*  See  Greeley,  A.  W. :  American  Weather,  New  York,  Dodd,  Mead  &  Co.,  1888,  charts 
22-28 ;  Day,  P.  C. :  Frost  data  of  the  U.  S.,  U.  S.  Weather  Boreau  Bnl.  V,  Washington. 
1911 ;  also  Reed,  W.  O.,  and  Feldlcamp,  C.  L. :  A  selected  bibliography  of  frost  in  the 
United  States,  U.  S.  Monthly  Weather  Review,  4t :  512-4(17,  Washington,  1916. 

A  new  series  of  frost  maps  will  appear  in  the  Atlas  of  American  A^cnltnrc  now  In 
preparation  by  the  United  Stales  Department  of  Agriculture. 
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Increasing  ^evation,  other  things  being  equal,  and  the  first  killing  frost  in  fall 
becomes  earlier. 

Therefore,  these  data  may  be  used  to  supplement  the  official  records  where 
the  stations  are  far  apart  or  not  well  situated,  but  only  when  they  are  wisely 
and  conservatively  used,  especially  as  slope  and  the  presence  of  valleys  often 
result  in  local  warm  and  cool  spots  not  dependent  upon  the  altitude.  It  should 
be  very  clearly  noted,  moreover,  that  it  is  exceedingly  easy  to  malce  inaccurate 
use  of  data  other  than  the  official  record  of  a  well-conducted  climatological 
service.  In  practice  it  has  been  deemed  best  to  map  at  the  proper  location 
the  frost  data  reported  by  the  Weath«ar  Bureau  and  to  consider  these  records 
as  of  primary  importance.  No  record  has  been  neglected  except  those  of  a 
few  stations  r^)orted  by  the  section  directors  of  the  Weather  Bureau  as  un- 
reliable records  or  stations  with  extremely  local  conditions,  and  in  cases  of  ap- 
parent conflict  between  the  record  and  the  botanic  or  topographic  data  the 
record  has  been  followed.  The  exact  course  of  the  Isograms  between  stations 
has,  moreover,  been  determined  by  all  the  data  available,  which  include  topo- 
graphical, botanical,  and  agricultural  material,  as  well  as  the  Weather  Bureau 
records.  Frost  data  for  selected  stations  with  longer  records  are  given  in 
Table  I.  These  stations  represent  a  fair  sample  of  the  frost  conditions  in  the 
country.  More  extended  frost  data  can  be  found  in  Bulletin  W  of  the  Weather 
Bureau.* 

While  the  actual  record  of  the  occurrence  of  frost  dangerous  to  crops  is  the 
best  guide  at  a  particular  station,  these  data  become  so  numerous  that  it  is 
not  possible  to  use  them  for  wide  areas.  For  a  particular  station  in  a  given 
year  it  is  probably  essential  to  know  only  the  last  date  in  spring  and  the  first 
date  in  fall  on  which  killing  frosts  have  occurred  in  each  year.  For  a  series 
of  years  and  for  many  stations  these  data  become  hopelessly  numerous,  and 
some  statistical  method  of  reducing  the  number  of  dates  without  destroying 
the  value  from  the  longer  periods  covered  must  be  devised.  The  simplest  of  all 
such  methods  is  that  of  averaging  the  dates.  It  is  perfectly  possible  to  deter- 
mine the  "  average  date  of  last  killing  frost "  in  spring  by  simple  arithmetical 
methods.  The  date  thus  obtained  is  that  on  or  before  which  the  last  killing 
frost  has  occurred  in  about  half  the  years  for  which  there  is  a  record." 

The  *' average  date  of  the  first  killing  frost"  in  fall  may  be  similarly  ob- 
tained. The  average  length  of  the  season  without  killing  frost — ^that  is,  the 
time  available  for  plant  growth,  provided  the  whole  season  can  be  used — ^may 
best  be  obtained  by  the  difference  between  the  average  spring  date  and  the 
average  autumn  date. 

s  United  States  Weather  Bureau,  Summary  of  the  climatological  data  of  the  United 
States,  by  sections,  Washington,  1912. 

'Strictly  speaking,  the  median  date  is  that  before  which  the  last  killing  frost  has 
occurred  in  half  the  years.  However,  a  count  of  828  cases  shows  that  404  occurred 
before  the  average  date,  896  after  the  average  date,  and  23  on  the  average  date.  The 
median  and  the  average,  therefore,  fall  on  the  same  date.  This  Is  the  case  when  the 
distribution  of  the  dates  follows  the  normal  curve  in  which  the  average,  the  median« 
and  the  mode  coincide. 
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Tablb  1. — Summary  of  fro9t 


BtatkiiH 


B«rmada. 

Uniontowii..... 
Arisona: 

Holbrook. 

Yuma. 

Arkaims: 

Camden. 

Fort  Smith 

OaUfornia: 

Georgetown 

Riverside 

Sacramento 

Santa  Barbara. 

Wheatland 

CMorado: 

Denver 

Pueblo. 

Connecticut: 

Canton 

New  Haven.... 

Waterbury 

Delaware: 

Millsboro 

Florida: 

Jackson  viUe,... 

Pensao(da 

Oeorgia: 

Point  Peter.... 

Poolan. 

Idaho: 

Boise 

Porthm 

Illinois: 

Aurora. 

Peoria. 

Philo 


Logansport 

Vevay 

Iowa: 

Des  Moines. 

Keokuk 

Kansas: 

Ashland. 

Dodge  City. 

Horton 

Indenendenoe 

Topeica. 

Wichita. 

Kentucky: 

BowOng  Green. . . 

Mount  Sterling... 
Louisiana: 

Donaldsonvflle. . . 

Liberty  HUl 

Maine: 

Cornish 

Eastport 

Farmington 


iberland 

Emmitsburg 

Fallston 

Frederick 

Great  Falls; 

New  Market 

Washington,  D.  C. 
Woodstock.. 


County. 


AHt 


Perry... 

Nav^c. 

Yuma... 


Ouachita.. 
Sebastian. 


El  Dorado 

Riverside 

Sacramento... 
Santa  Barbara 
Yuba 


Denver.. 
Pueblo.. 


Hartloid 

New  Haven... 
....do 


Sussex. 


Duval 

Escambia. 


Offlethorpe. 


Ada 

Bonner.. 


Kane. 

Peoria. 

Champaign.. 


Cass. 

Switserland. 


Polk. 
Lee.. 


Clarke 

Ford 

Brown 

Montgomery. 

Shawnee 

Sedgwlek 


Wanen 

Montgomery. 


Ascension. 
Bienville.. 


York 

Washhigton.. 
Franklin 


Allegany 

Frederick.... 

Harford 

Frederick.... 
Montgomery. 
Frederick.... 


Baltimore. . 


Last  killing  frost  In  spring. 


273 

^  141 

158 
481 

2,  AM 
8U 
71 
130 

84 

6,272 
4,686 

900 
117 
400 

20 

108 
125 

600 
865 

2,739 
1,666 

078 
610 
760 

620 
526 


614 

1,961 
2,513 
1,188 
800 
997 
1,377 

800 

980 


784 

76 

450 

623 
720 
450 
276 
200 
550 
112 


Yhlts 

of 

ord. 


>26 
>25 

>25 
37 

23 
88 

126 
27 
32 
26 
26 

43 
26 

30 
42 


121 

60 
35 

25 
24 

133 
121 

126 
50 
23 


126 

36 
43 

26 
40 
25 
38 
28 
26 

22 
23 

22 


140 
42 
26 

120 

183 

36 

26 

180 

125 

42 

41 


Averace 


Mar.  22 
Mar.  17 

May    6 

Jan.   20 

Mar.  22 
...do 

Apr.  2 
Feb.  26 
Feb.  11 


Feb.  27 

May  4 
Apr.  27 

May     6 

Apr.  17 
May     1 

Apr.  22 

Feb.  11 
Feb.  24 

Apr.  2 
Mar.  20 

Apr.  27 
M^y  11 

May  5 
Apr.  16 
May     1 

Apr.  27 
Apr.  22 

Apr.  23 
Apr.  15 

Apr.  17 
Apr.  19 
..do..... 
Apr.  14 
Apr.  10 
...do 

Apr.  18 
Apr.  17 

Feb.  27 
Mar.  24 

May    2 

Apr.  28 
May  18 

Apr.  16 
Apr.  11 
Apr.  21 
Apr.  18 

Apn  io' 
Apr.  9 
Apr.  17 

1  Broken  record. 


9-10 
yean. 

6 


Apr.  11 

Apr.  3 

May  26 

Feb.  17 

Apr.  13 

Apr.  5 

May  2 

Apr.  1 

M^.  21 

Feb.  17 

Mar.  31 

May  20 

May  8 

May  22 

Apr.  30 

May  14 

May  6 

Mar.  22 

Mar.  23 

Apr.  14 

Apr.  12 

May  18 
June    4 

May  23 

Apr.  20 

May  19 

May  15 

May  6 

May  11 

Apr.  30 

May  12 

May  5 

May  4 

May    5 

May  2 

Apr.  27 


May  2 
May     1 

Mar.  20 
Apr.  13 

May  20 

May  9 
June    8 

May    2 

Apr.  24 
May  9 
May  6 
May  6 
May  8 
Apr.  23 

y&r    2 


Latest  d«to. 


ISOS-IAH. 
7 


Apr.  26,1910 
Apr.  17,1905 


Fel 


ly  24, 
lb.  14, 


1908 


Apr.  26,1910 
Apr.  9,1914 

May  10,1905 

Apr.  16,1913 

Mar.  27,1898 

Mar.  18,1806 

Apr.  9,1900 

May  15,1806 
sMay     4,1898 

>May  29,1903 
"Apr.  21,1897 
May  17,1805 

May  12,1913 

Mar.  21,1896 
Mar.  13,1914 

Apr.  21,1914 
Apr.  26,1910 

June  16,1895 
July     1,1900 

May  31,1897 
May  7,1906 
May  31,1897 

May  26,1907 
May  14,1805 

May  12,1895 
May    4,1907 

May  27,1907 

do. 

May  15,1907 
May  9,1906 
May  4,1907 
May  15,1907 

May  14,18K 
May  16,1886 

Mar.  23,1914 
Apr.  26,1910 

June  6,1910 
May  17,1918 
June  11,1809 


Apr.  26,  mo 

Apr.  17,1905 

June  11,1803 

Mar.  16,1881 

Apr.  26,1910 

Apr.  9,1914 

May  10,1905 

Apr.  28,1804 

Apr.  17,1802 

Mar.  18,1808 

Apr.  9,1900 

June  6, 1803 

May  23,1803 

'May  20,1902 

May  30,1884 

>May  17,1888 

May  12,1918 


6,1891 
30,1894 


May 
May 
May 
May 
I  May 
^May 
Apr. 
May 


12,1907 
10,1906 
12,1907 
16, 1010 
12,1907 
12,1004 
21,1807 
12,1907 


Blncebe- 

gfiml£i£of 

reoord. 

i 


i&: 


Apr.  21,1914 
Apr.  26,1910 

June  16,1891 
July     1,1900 

May  31,1897 
May  11,1857 
May  31,1897 

May  25,1907 
May  15,1888 

May  31,1889 
May    8,1885 

May  27,1907 

do. 

May  15,1907 
May  20,1894 

GO. 

May  15,1907 

May  14,1895 
May  U,1895 

Mar.  27,1894 
Apr.  26,1910 

June    5,1910 

May  17,1913 

>  June  11, 1893 


tMay 
May 

May 
May 
May 

May 

tllSy 


12,1907 
10,1906 
39,1894 
16,1910 
1^1907 
12^1004 
30,1874 
12,1907 
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First  kiRbig  frost  In  tatomii. 


Numbsr  of  oonaeoatlvs  days  without 
UlUngftost. 


of 


»27 
196 

194 
87 

i» 
8S 

135 
194 
181 
>25 
96 

49 
97 

30 
42 

28 

99 

60 

36 

>35 
95 

>36 
191 

197 
69 
92 


191 
92 

23 
94 

140 

140 

96 

190 

186 

86 

96 

181 

196 

48 

41 


date. 


10 


No7.    6 
Nov.  10 


Earlisstdato. 


Oct. 
Deo. 


Nov.  8 
Nov.    6 

Nov.  16 
Deo.  8 
Nov.  97 


Deo.  9 

Oct.  6 

Oct.  7 

Oct.  3 

Oct.  21 

Oct.  6 

Oct.  20 


Dec.  6 
Dec.    9 

Oct.  80 
Nov.    7 

Oct.  14 
Sept.  27 

Oct.  7 
Oct.  19 
Oct.     8 

Oct.  18 
Oct.  98 

Oct.  10 
Oct.  16 

Oct.  90 

Oct.  18 

Oct.  16 

Oct.  93 

Oct.  16 

Oct.  90 

Oct.  18 
Oct.   17 

Nov.  98 
Nov.    4 

Oct.  9 
Oct.  98 
Sept.  90 

Oct.  91 

Oct.  97 

Oct.  90 

Oct.  94 

Oct.  19 

Oct.  99 
.do. 


Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct. 
Oct.  14  i  Oct. 


9-10 


u 


Oct.  94 
Oct.   96 

Sept.  98 
Nov.  35 

Oct.  16 
Oct.   98 

Oct.  94 
Nov.  11 
Nov.  9 
Dec.  8 
Nov.  11 

Sept.  92 
Sept.  96 

Sept.  29 
Oct.  9 
Sept.  22 


1896-1914. 


Oct.   21,1918 
do 

Sept.  23p  1895 
>Nov.  25,1906 

Oct.   14,1907 
Oct.   93,1896 

I*  Oct.  16,1807 
Nov.  13,1904 
Nov.  11,1911 
Nov.  38,1910 

I  Nov.    4,1896 

Sept.  13,1909 
' do 

I  Sept.  15, 1913 

;  Oct.     9,1899 

Sept.  14, 1911 


Oct.     9  I  Oct.     9,1895 

Nov.  14     Nov.  13,1906 
Nov.    8     Oct.   97,1898 


Oct.  11,1906 
Oct.   31,1913 

Sept.  33, 1896 
Sept.  13, 1907 

Sept.  30, 1896 
Oct.  5,1901 
S^t.  18,1908 

Sept.  31,1807 
«  Sept.  80, 1896 

Sept.  23, 1913 
do 

Sept.  36, 1913 
Sept.  38, 1895 
Sept.  17,1901 
Sept.  36, 1913 
Sept.  39, 1899 
Sept.  33, 1896 

Sept.  80, 1899 
do. 

Oct.  37,1896 
Oct.   14,1907 

Sept.  10, 1918 
Sept.  33, 1904 
Sept.  6,1896 

Sept.  39, 1914 
Oct.  7,1899 
Oct.  3,1899 
Sept.  93, 1904 
Oct.  1,1809 
Sept.  99, 1904 
Oct.  9,1899 
Sept.  98, 1904 


Oct.  15 
Oct.  94 

Sept.  37 
Sept.  14 

Sept.  33 
Oct.  6 
Sept.  16 

Sept.  37 
Oct.     8 

Sept.  36 
Sept.  98 

Oct.     5 

..do...., 

Oct. 

Oct. 

Oct. 

Oct. 


Oct. 
Oct. 

Nov.  8 
Oct.  19 

Sept.  30 
Oct.  9 
Sept.  7 


Oct.  31,1913 
do 

Sept.  33, 1895 
Nov.  17,1880 

Oct.  14,1907 
Oct.   15,1808 

Oct.  15,1897 
Nov.  13,1904 
Oct.  17,1808 
Nov.  38^1910 
Nov.    4,1896 

Sept.  13,1903 
do 

Sept.  15,1913 
Sept.  30, 1888 
Sept.   7,1888 

Oct.     3, 1895 

«Nov.  13,1883 
Oct.  37,1896 


BUioebeein- 
lii£  of  record. 


Oct. 
Oct. 


11,1906 
31,1913 


Sept.  33, 1895 
Sept.  13,1907 

Sept.  17,1890 
Oct.  1,1856 
Sept.  13,1903 

s  Sept.  21, 1887 
'Sept.  80, 1895 

Sept.  18, 1890 
Sept.  18,1875 

Sept.  36, 1913 
Sept.  38, 1896 
Sept.  17,1901 
Sept.  36, 1913 
Sept.  38, 1888 
Sept.  38, 1895 

Sept.  80, 1899 
do 

Oct.  37,1896 
Oct.  14,1907 

Sept.  10^918 
Sept.  33, 1904 
Sept.  6,1896 

Sept.  6,1899 
>Oct.  7,1883 
Oct.  3,1899 
Sept.  33, 1904 
Oct.  1,1899 
8q;>t.  S3, 1904 
Oct.  3,1809 
Sept.  33, 1904 


Tears 
of 


14 


136 
35 

134 
87 

33 

38 

135 
134 

31 
136 

36 

43 
36 

80 
43 

38 

t31 

59 
85 

136 
34 

183 
131 

136 
59 
33 

133 
36 

86 
48 

26 
40 
35 
88 
38 
36 

131 
32 

22 
88 

140 

140 

36 

ISO 

188 

86 

86 

ISO 

136 

48 

41 


Aver- 
age. 


16 


81- 

100 

years. 


16 


338 


163 
886 


396 
396 


978 
156 


150 
187 
158 

181 

997 
988 

911 


170 
139 

165 
188 
155 

169 
184 

170 
188 

186 
183 
179 
191 
188 
198 

183 
188 


168 
178 
186 


190 
188 
189 
184 
186 
196 
180 


196 
305 

137 
381 

186 
801 

175 
384 
336 
294 
325 

136 
141 

123 
162 
131 

156 

237 
230 

184 
195 

182 
102 

122 
160 
120 

135 
165 

137 
152 

146 
168 
150 
158 
152 
160 

158 
157 


189 

133 
158 
96 

167 
178 
168 
166 
164 
153 
168 
168 


Shortest  namber 
of  days. 


1896-1914. 
17 


186—1910 
303-1904 


189-1906 
384—1906 


Since  be- 

ginnlyig  of 

record. 
18 


186—1910 
303-1904 


136—1894 
376-1890 


170—1910  !    170—1910 
>30»-1896  I    300-1890 


« 167—1880 
388-1913 
341—1808 
30»-1910 
340-1908 

134—1913 
189—1903 

13S-1905 

*  175—1899 
133-1911 

164—1906 

363—1914 
347-1898 

183-1907 
186—1910 

98-1895 
89—1900 

136-1896 
15^-1006 
113—1887 

143-1907 
18»>1886 

141—1896 
156-1900 

184—1907 
166—1907 
s  150-1907 
154—1906 
164—1900 
164-1900 

140-1896 
138—1806 

337—1899 
186—1910 

•  110-1910 
160-1904 

97-1899 

168—1918 
164—1906 
164—1906 
1154—1904 
164-1906 
183—1904 
178-1904 
164—1904 


» 167—1899 
316-1894 
313-1893 
396-1910 
340-1906 

110-1876 
183-1888 

136—1906 
143—1884 
113—1888 

164—1906 

330-1894 
337—1894 

183-1907 
186—1910 

90-1895 
80-1900 

136—1896 
163-1906 
113—1807 

14^-1907 
180-1896 

110-1889 
180-1875 

•  184— 1894 
149-1891 

« 150-1907 
141—1804 
141—1804 
163-1803 

140-1896 
180-1896 

337—1800 
186-1910 

•  110-1910 
160-1904 
80-1893 

188-1808 
164—1906 
180-1804 

•  164—1904 
164—1906 
188-1904 
161—1888 
168-1888 


>  And  also  later  years. 
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Table  1. — Summary  of  fro9t  reoonii 


station. 


RttMcfaoMtts: 

Blue  HOI  ObMTY'y 

Coooord 

ICidtUeboro 

Mooson 

New  Bedford... 

Somenet 

Westboro 

WilUamstown... 


ICifliijMn: 
AIp« 


AlpeoA. 

Grand  Rapldi. 


SaoltSte.  Marto... 

ThornvUie 

ICfamesota: 

Bird  Island 

Crookstoo 

Moorbead 

Pine  River  Dam.. 

Winnibigoahish  . 
lOttissippi: 

Brcokhavea 

OreeaviUe 

MiSBoiiri: 

Conceptioii. 

Lebanon 

Liberty 

Mexico. 

Montana: 

Crow  Agency 

Havre 

Helena 

Poplar 

NebraaSca: 

Hay  Springs 

North  Platte 

Omaha 

Valentine 

Nevada: 

Carson  City 

Reno 

Winnemucca 

New  Hampshire: 

Newton 

Plymouth 

New  Jersey: 

Atlantic  City 

Charlotteburg 

New  Mexico: 

Agricultural  College 

Santa  Fe. 

New  York: 

Ithaca 

Perry  City 

North  Carolina: 

Chapel  Hill 

Lenoir 

Weldon 

North  Dakota: 

Bismarck 

Buford 

Peml^na 

Ohio: 

Granville 

Marietta 

New  Alexandria- 
Portsmouth 


County. 


Norfolk 

Middlesex... 
Plymouth... 

Hampdn 

Bristol 

do 

Worosster.... 
Berkdilre.... 

Alpena. 

KentTT. 

Kalamaaoo... 

Chippewa 

Lapeer 

Renville 

Polk 

Clay 

Crow  Wing... 
Itasca 

Lincoln 

Washington.. 

Nodaway 

Ladede 

aa: 


Altl- 
tude. 


ndrain. 


Lewis       and 

Clark. 
SheridSQ 


do... 

Lincoln.. 
Douglas. . 
Cherry... 


Ormsby 

Washoe 

Humboldt . . . 

Rockingham. 
Grafton 


AUantic. 
Passaic. 


Dona  Ana.... 

SanUFe..... 


Tompkins.. 
Schuyler.... 


Orange... 
CaldweU.. 
Halibix... 

Burleigh. 
WilUams.. 
Pembina.. 


Licking 

Washington.. 

Jefferson 

Scioto 


040 
180 
63 

490 


711 

000 

707 
065 
614 
975 

1,000 

06S 

«S5 

1,251 

1,800 

500 

lao 

962 

1,265 
864 
797 

3,041 
2,487 
4,110 

2,030 

3,821 
2,821 
1,103 
2,598 

4,720 
4,500 
4,201 

126 
500 

16 
719 

3,863 
7,013 

028 
1,088 

500 

1,186 

81 

1,674 

1,944 

789 

960 

627 

1,050 


Yea 

of 

rec- 
ord. 

I 

4     I 


1*28,  lUy    9 
27    May  18 

27  I  May  14 

1 80  I  Apr.  15 

41  I  Apr.  20 

40  1  May     7 

188  I  May    8 

May  14 

Apr.  26 
Apr.  27 
May  15 
Apr.  27 

May  12 
May  16 
May  14 
May  16 
May  12 

Mar.  18 
Mar.  19 

Apr.  18 

Apr.  15 

Apr.  18 

Apr.  17 

May  15 

May  16 
May    9 

May  14 

May  13 

May  3 
Apr.  16 
May    6 

May  21 
May  14 

May  17 

May  22 
May  23 

Anr.  13 
May  11 

Apr.  12 
Apr.  25 

May  4 
May  19 

Apr.  7 
Apr.  17 
Apr.  13 

May  12 
May  13 
May  27 

Apr.  30 
Apr.  19 
May  1 
Apr.  17 


40 

129 

135 

26 

85 

25 
25 
84 
28 
127 

122 
24 

81 

127 

25 

36 

132 
83 
35 

128 

128 

139 

43 

26 

128 

27 

136 

26 
27 

139 
22 

23 
140 

135 
25 

130 
40 
27 

40 
125 
132 

196 
30 
27 
26 


9-10 
yean. 


May  U 

May  20 

May  28 

...do.... 

Apr.  28 

May  7 

May  24 

May  16 

May  28 
May  13 
May  14 
May  27 
May  16 

May  28 

June  2 
June  1 
June  2 
May  29 

Apr.  10 
Apr.  8 

May  8 
May  1 
May  5 

Apr.  80 

June  2 
May  30 
May  26 

May  80 

May  24 
May  15 
May  1 
May  24 

June  11 
June  5 
June    6 

June  8 
June    6 

Apr.  26 
May  23 


-1914* 


May  21,1906 
May  20,1900 
June    3, 1908 

do 

tMay  2,1806 
May  11,1900 
June  14,1912 
May  24,1906 

June  9^1807 
May  20,1896 
May  24,1910 
May  28,1007 
May  26,1897 

June    7,1901 
«June    7,1807 

do 

June  11,1908 
June    8,1001 

Apr.  25,1910 
Apr.  26,1910 

May  15,1907 
May     9,1906 

do 

May     7,1906 


May 
May 


May  21 

June    4 

Apr.  24 
May  2 
Apr.  30 

May  25 
May  29 

June  14 

May  17 
May  6 
May  19 

May    3 


June  21,1902 
June  6, 1901 
June    3,1910 

June    6,1900 

June  1, 1906 
May  16,1912 
May  1,1903 
June  21,1002 

June  24,1005 
June  7,1906 
June  22,1908 

June  15,1913 
June  10,1913 

•Apr.  21,1907 
May  30,1006 

May  8,1880 
May  15,1907 

June  9,1913 
June  16,1898 

May  10,1906 
May  15,1910 
May  11,1906 

June  7,1901 
June  6,1910 
June  21,1902 

May  28,1907 
May  12,1913 
May  28,1807 
May  17,1805 


May  %]«) 
June  8,1908 
Jon*  8i,l804 
May  i,\m 
May  Mk,Vm 
Jona  14,1912 
May   94,1905 

Juoa  0^1887 
May  l^vm 
Umy  94,1910 
May  20,1804 
May   90^1807 

Jane  7,1901 
<June  7,1807 
June  8^1886 
June  ll,l90i 
Jane    1,19Q1 

Apr.  95,1910 
Apr.  90^1910 

May  lfi,2907 

May  0,1906 

May  1^1800 

May  ni906 

<Juna  21,1802 
Jane  6,  lOQl 
Jane    0, 1880 

Jane  26,1802 

June  1,1006 
May  S3,18W 
May  10,1804 
Jane  21,1002 

June  24,1905 
June  11,1894 
June  22,1008 

June  15,1913 
June  10,1913 

Apr.  30,1874 
May  30,1906 

May  8,1886 
May  18,1878 

June  0,1018 
June  16,1808 

May  10,1906 
May  15,1010 
May  11,1906 

June  7,1901 
June  6,1910 
June  21,1002 

May  28,1907 

May  12,1913 

May  28,1907 

May  17,1895 


stooebe- 
Itfzuiliwar 


1  Brokn  record. 


tsm 


ASTBONOMY,  METBOBOLOQY,  AND  SEISMOLOGY. 
far  selected  ttatiofM— Oontinaed. 


605 


%i>u 


M 


I' if 


Flnt  kUUDg  flroBt  In  Mttoinn. 


TMn 
of 


27 

S7 

195 

139 

41 

40 

140 

40 
81 
>84 
27 
86 

25 
25 
84 

28 
28 

128 
24 

180 

>27 

25 

86 

>84 
88 
85 

>29 

128 

>41 

48 

25 

>28 

28 

185 

25 
125 

140 
22 

23 
140 

185 
25 

180 

135 

25 

40 
128 
182 

126 
81 
27 
25 


AT«ag« 
dAte. 


10 


BarliMt  dAte. 


0-10 
yean. 


Sept.  20 
Sept.  16 
Sept.  19 
Sept.  9 
Cot.  12 
Oct.  4 
Sept.  15 
Sept.  25 

Sept.  18 
Sept.  28 
Oct.  2 
Sept.  14 
Sept.  24 

Sept.  11 
Sept.  7 
Sept.  5 
Sept.  4 
Sept.  16 

Oct.  22 
Oct.  26 

Cot.  6 
Oct.  9 
Sept.  23 
Sept.  80 


Oct.  12 
Oct.  2 
Sept.  29 
Sept.  28 
Oct.  27 
Oct.  15 
Oct.  8 
Oct.  9 

Sept.  29 
Oct.  13 
Oct.  21 
Sept.  27 
Oct.  11 

Sept.  28 
Sept.  23 

Sept."  17 
Sept.  27 

Nov.  6 
Nov.  8 

Oct.  19 

Oct.  21 

Oct.  10 

Oct.  17 

Sept.  25 
Sept.  18 
Sept.  25 

Sept.  13 

Sept.  19 
Sept.  29 
Oct.  12 
Sept.  30 

Sept.  21 
Oct.  3 
Sept.  24 

Sept.  23 
Sept.  24 

Oct.  80 
Sept.  25 

Oct.  22 
Oct.  19 

Oct.  10 
Sept.  25 

Oct.  28 
Oct.  18 
Oct.  24 

Sept.  19 
Sept.  23 
Sept.  12 

Oct.  8 

Oct.  21 

Oct.  11  Sept.  28 

Oct.  21  I  Ort. 


Sept.  6 
Sept.  8 
Sept.  7 

Aug.  80 


Sept. 
Sept. 
Sept. 
Sept. 

Sept. 
Sept. 
Sept. 

Sept. 
Sept. 

Oct. 
Sept. 

Oct. 
Oct. 

Sept. 
Sept. 

Oct. 
Oct. 
Oct. 


Sept.  5 
S^t.  9 
Aug.  27 


Sept.  22 
Oct.     8 


1806-1914. 
12 


Sept.  22. 1904 
Sept.  11,1914 
Sept.  14,1911 
Sept.  6,1902 
Sept.  22, 1904 
Sept.  23,1904 
Sept.  14,1911 
do 

Sept.  10,1898 
Sept.  14,1899 
Sept.  22, 1904 
Sept.  14,1913 
do 

>Sept.  9,1808 

do 

Sept..  8.1808 
Aug.  29,1911 
Sept.  10,1886 

'Oct.  22,1896 
Oct.  21,1896 


Sept.  28,1906  Sept.  28,1909 
Sept.  30, 1896  Sept.  80, 189  i 
Sept.  13,1902  sSept.  18,189( 
do Sept.  13,1902 


Since  begin- 
ning  of  record. 

18 


Sept.  1?,  1898 
Sept.  2,1885 
Sept.  14,1911 
Sept.  6,1902 
Sept.  22,1904 
Sept.  28,1904 
Sept.  4,1888 
Sept.  14,1911 

Sept.  6,1886 
Sept.  6,1892 
Sept.  22,1904 
Sept.  6»1888 
Sept.  14,1918 

a  Sept.  9,1806 
Aug.  28.1898 
Aug.  25,1886 
Aug.  29,1911 
Sept.  10,1886 

Oct.  20. 18^1 
Oct.  21,18S'6 


Aug.  27,1906 
Aug.  25,1910 
do 

Aug.  22,1906 

Aug.  25,1910 
Sept.  12. 1902 
Sept.  18,1901  , 
Sept.  12,1902  I 
I 
Sept.  2, 1808  { 
Sept.  6,1900  I 
Aug.  22,1899  , 

Aug.  29,1908 
Sept.  10, 1913 

Oct.  1,1899 
Sept.  14, 1911 

Oct.  10,1909 
Sept.  27,1906 

Sept.  14, 1911 
Sept.   6,1906 

■Oct.     1,1806 

do 

Oct.  10,1806 

Aug.  81,1806 
Sept.  9,1910 
Sept.   8,1901 


Sept.  15,4908 

^Oct.     1,1806 

^Sept.  30,1906 

4  ^Oct.     1,J^96 


Aug.  27,1906 
Aug.  26,1910 
do 

Aug.  22,1906 

Aug.  25,1910 

;s  Sept.  10. 1876 

j  Sept.  18,1901 

I  Sept.  12,1908 

I 

Sept.   2,1808 

Sept.   6,1900 

Aug.  22,1899 

Aug.  29,1906 
I  Sept.    7,1888 

Oct.  1,1890 
Sept.  14,1911 

Oct.  1,1894 
Sept.  25,1888 

Sept.  14.1911 
Sept.   6,1906 

Oct.  1,1896 
Sept.  30, 1888 
Oct.     9,1880 

Aug.  28,1891 
Sept.  5,1881 
Aug.  20,1876 

Sept.  15,1908 
«Oct.     1,1806 

Sept.  25,1887 
«Oct.     1,1896 


Number  of  coMseeuUvedaya  without 
kflllng  troit. 


Years 
of 


27 
128 

27 
125 
189 

41 

40 


40 

129 

184 

25 

86 

25 
25 
84 

28 
127 

122 
24 

180 

127 

26 

85 

182 
88 
85 

128 

128 

189 

43 

25 

128 

27 

136 

25 
125 

189 
22 

28 

140 

186 
25 

180 

136 

25 

40 
126 
182 

126 

.30 

25 

25 


Aver- 
age. 


15 


81- 

100 

years. 


16 


156 
146 

no 

182 
196 
179 
148 
168 

138 
170, 
177  I 
136 
167 

180 
130 
182 
124 
138 

282 

234 

184 
189 
175 
183 

183 
125 
140 

122 

129 
149 
179 
147 

123 
142 
180 

124 
124 

200 
138 

193 
177 

160 
180 

204 
184 
194 

180 
188 
106 

161 
185 
163 
187 


180 
118 
114 
104 
167 
160 
114 
138 

111 
133 
141 
110 
131 

105 
97 
96 
94 

100 

196 
200 

166 
161 
141 
168 

96 
96 
104 

92 

106 
123 
146 
114 

84 
104 
93 

92 
99 

177 
116 

161 
162 

129 
98 

172 
166 
166 

103 
103 

74 

128 
156 
132 
164 


Shortest  number 
of  days. 


1806-1914. 
17 


142-1904 
119-1896 
114—1900 
106-1906 
162-1904 
168-1904 
107-1912 
123-19U 

104—1807 
120-1908 
127—1907 
112-1918 
118-1897 

95—1910 

>  102-1807 

102-1807 

83-1906 
104—1901 

187—1910 
186—1910 

148-1906 

153-1905 

a  148-1908 

a  149—1902 

82-1902 
83—1910 
83-1910 

a  92— 1906 

66-^1910 
134-1886 
168—1901 

83—1902 

82-1887 
106-1808 
93—1906 

■  87—1908 
92-1913 

173—1809 
106-1902 

163—1899 
146-1906 

116—1805 
84—1905 

168—1905 
168—1905 
162-1905 

102-1896 
05-1910 
88-1908 

130-1896 
168—1905 
126—1907 
185-1896 


Since  be- 

gtan^of 

reoora. 


18 


142-1904 
110-1896 
114—1900 
106-1906 
162-1904 
133-1884 
107—1912 
123-1913 

96-1894 
129-1902 
127—1907 
102-1891 
118-1887 

95-1910 
92-1808 
78—1886 
83-1906 
104—1901 

187—1910 
185—1910 

148-1906 

168—1905 

119-1800 

ai40-19Q2 

82-1902 
83—1910 
83-1910 

71—1808 

95-1910 
118-1808 
140-1890 

83—1902 

82-1807 
03-1894 
92-1894 

■  87—1906 
92—1913 

161—1888 
106-1902 

156—1804 
143—1880 

115-1806 
84—1905 

168-1906 
168-1906 
162-1906 

98-1888 

96—1910 

■70-1875 

130-1806 
148—1886 
126-1907 
185-1896 


■  k.nd  also  later  jrears. 
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Table  1. — 8uwm%anf  of  fro9t  rgworJg 


StBthWL 


01 

Haaldton 

Oklahoma  Qty 

Oregon: 

Ashland 

CorvalUfl 

JacksoQvilW. 

Roaeburg 

The  Dalles 

Pennsylvania: 

Wellsboro 

Westchester 

Rhode  Island: 

Kingston 

Providence 

South  Carolina: 

Fergusonand  Trial* 

Little  Mountain — 
South  Dakota: 

Alexandria 

Brookings 

Huron 

Kimball 

Rapid  aty 

BpMTflsh 

Tennessee: 

Knozvllle 

U^wnphia 

Texas: 

AbUene 

Fort  Clark  (Brook- 
etvUle). 

New  Braunfels 

Utah: 

Moab 

Salt  Lake  aty 

Vermont: 

NorthfieW 

Woodsto^ 

Virtdnia: 

Birdsnest 

Dale  Enterprise.... 

Lvnchburg 

Marion 

Norfolk 

Petersburg 

Staunton 

Washington: 

Olympia 

Spokane 

Walla  Walla 

West  Virginia: 

Elkhom 

Martinsburg 

Wisconsin: 

Qreen  Bay 

LaCrosse 

Madison 

Manitowoc 

Wyoming: 

Cheyenne 

Laramie 


County. 


Alts- 


Carter WO 

Oklahoma 1,347 


Jackson.. 
Benton.. 
Jackson.. 
Douglas.. 
Wasco... 


Tioga... 
Chester.. 


Washington.. 
Providence... 


Berkeley.. 
Newbeny. 


366 

1,640 

610 

113 

1,837 
455 

350 
160 

51 
711 

1,353 
1,636 
1,306 
1,788 
3,334 
3,647 

1,038 
847 

1,738 
1,050 

730 


Grand 4,000 

Salt  Lake 4,360 


Hans<m 

Brookings... 

Beadle 

Brule 

Pennington. 
Lawienee... 


Knox... 
Shelby.. 

Taylor.. 
Kinney. 


Comal.. 


Washington.. 
Windsor 


Northampton. 
Rockingham.. 

Campbell 

Smythe 

Norfolk 

Dinwiddle.... 
Augusta 


Thurston , 

Spokane 

Walla  Walla. 


McDowell.. 
Berkeley... 


Brown , 

LaCrosse... 

Dane 

Manitowoc.. 


Laramie.. 
Albany.. 


876 
700 

40 

1,450 

681 

3,135 

13 

00 

1,380 

45 

1,043 
1,000 

1,083 
435 

586 
681 
074 
616 

6,068 
7,188 


ttotlt  bkwpibtg. 


Years 

of 
rec- 
ord. 


33 
31 

a34 
36 
33 
37 
37 

S35 

44 

43 

39 
>81 

35 

35 
40 

38 
S84 

38 
M6 
S40 

39 

43 
>36 

35 

87 
83 
39 

33 
38 

38 

43 

«35 

31 

43 
34 


AT«age 
date. 


Apr.  5 
Apr.    3 

Apr.  17 
Apr.  34 
Apr.  18 
Apr.  15 
Apr.  14 

May  17 

Apr.  16 

Apr.  39 
Apr.  33 

Mar.  36 
Mar.  35 

May  14 

May  19 
May  13 
May    6 

..do 

May    8 

Anr.  8 
Mar.  33 

..do 

Feb.  37 

Mar.    4 

Apr.  30 
Apr.  31 

May  16 
May  14 

Mar.  80 
Apr.  38 
Apr.  9 
Apr.  33 
Mar.  35 
Apr.  10 
Apr.  19 

Apr.  33 
Apr.  13 
Mar.  80 

Apr.  35 
Apr.  19 

May    6 

Apr.  37 
Apr.  33 
May    3 

May  31 
May  81 


years. 
6 


Apr.  35 
Apr.  33 

May  13 
...do — 
May  4 
May  10 

Apr.  80 

June  9 
Apr.  38 


May 
May 


Apr.  13 

Apr.  10 

May  80 

June  5 

May  39 

May  19 

May  18 

May  38 

Apr.  17 

Apr.  10 

Apr.  9 

Mtf.  33 

Mar.  30 

May  6 

May  14 

June  6 

June  4 

Apr.  14 

Mtay  14 

Apr.  35 

May  8 

Apr.  13 

Apr.  37 

May  3 

May  17 

l£ay  9 

Apr.  30 

May  10 

May  4 

May  31 

May  15 

May  6 

May  30 

June  8 

June  30 


1896-1914. 
7 


May     1,1903 
Apr.  80,1003 

May  18,1901 
May  10,1008 

...Ido.. 

....do 

May    1,1005 

June  14,1913 
May    3,1903 

May  13,1907 
do 


Apr.  17,1905 
.....do 

June  31,1903 
June  33,1003 
June  31,1003 
May  30.1807 
May  31,1908 
June  31,1903 

Apr.  33,1904 
Apr.  35,1010 

Apr.  38,1007 
Mar.  36,1918 

Mar.  37,1913 

May  17,1910 
June  18,1895 

June  13,1906 
June  14,1013 


31,1897 
17,1895 
83,1904 
15,1910 
91,1897 
10,1006 
15,1010 


^- 

Apr. 
May 
Apr. 
May 
May 


May  81,1908 
May  7,1808 
Apr.  38,1907 

May  16,1910 
....do... 


May  31,1805 
May  34,1910 
May  U,1007 
May  31,1895 

June  1,1903 
July     7,1904 


Sfaieeb»- 
rof 


May  1,1903 
Apr.  30,19OS 

May  18,1901 
May  18,1892 
May  10,1908 
May  34,1881 
May  13,1887 

June  14,1913 
May  13,1802 

May  13,1907 
do 


Apr.  17,1905 
do 

June  31,1908 
June  33,1903 
June  31,1908 
May  30,1807 
May  31,1908 
June  31,1902 

Apr.  84,1898 
Apr.  35,1910 

Apr.  33,1907 
Apr.  16,1870 

iMar.  37,1894 

May  17,1910 
June  18,1895 

June  13,1006 
June  14,1913 

Anr.  31,1897 
May  36,1886 
May  7,1891 
I  May  15,1888 
Apr.  36,1888 
May  10,1906 
May  15,1910 

May  81,1908 
June  8,1891 
Apr.  38,1907 

May  16,1910 
do 


May  30,1804 
May  34,1910 
May  13,1888 
May  36,1891 

June  U,1889 
Jnly     7,1904 


1  And  also  later  years. 


•  >  Broken  record. 
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First  kUUDg  frost  in  Mitamn. 


Numbtr  of  oonaseutlvo  dAys  wtthoat 
kiUii«frost. 


Ysars 
of 


21 
24 

26 
26 
26 
87 
S88 

82 
81 

26 
«29 

•21 
22 

>26 

27 

84 

27 

>26 

*26 

44 

48 

20 
«26 


25 
40 

28 
>82 

S26 
>46 

42 
29 
42 
a28 
26 

37 
88 
29 

28 
24 

28 
42 
87 
81 

42 
24 


Av«nige 
dAte. 


10 


Oct.  29 
Nov.    1 

Oct.  21 
Oct.  16 
Oct.  29 
Nov.  12 
Oct.   28 

Sept.  25 
Oct.   28 

Oct.  18 
Oct.   18 

Nov.  5 
Nov.  11 

Sept.  26 
Sept.  22 
Sept.  21 

Sept.  27 
Sept.  28 

Oct.  27 
Nov.    1 

Nov.  10 
Nov.  26 

...do..... 

Oct.  6 
Oct.   19 

Sept.  19 
Sept.  27 

Nov.  18 
Oct.  9 
Oct.  27 
Oct.  11 
Nov.  16 
Oct.  25 
Oct.   15 

Oct.  28 
Oct.  12 
Nov.    7 

Oct.  12 
Oct.   17 

Oot.  9 

Oct.  11 

Oct.  18 

Oot.  13 

Sept.  17 
Sept.  10 


Earliest  date. 


0-10 
years. 


Oct.  18 
Oct.   17 

Sept.  28 
Sept.  25 
Oct.  7 
Oct.  17 
Oct.  7 

Sept.  11 
Oot.  10 

Sept.  27 
Sept.  29 

Oct.  22 
Oct.  27 

Sept.  8 
SM>t.  5 

Sept! 'is 
Sept.  14 
Sept.  18 


Oct. 
Oct. 


Oct.  25 
Nov.  7 

Nov.  9 

Sept.  17 
Oot.  2 

Sept.  8 
Sept.  12 

Nov.  6 
Sept.  28 
Oct.  11 
Sept.  26 
Nov.  1 
Oct.  9 
Oct.  2 

Sept.  28 
Sept.  20 
Oot.  18 

Sept.  27 
Oot.  4 

Sept.  28 
Sept.  29 
Oct.  8 
Sept.  29 

Aug.  81 
Aug.  29 


1895-1914. 
12 


Oct.  10,1006 
Oct.  20,1006 

Sept.  13,1806 
Sept.  21,1896 

do 

Sept.  24,1006 
Sept.  25, 1006 

Sept.  6,1900 
Od.     3,1899 

Sept.  14, 1911 
Sept.  23,1904 

Oct.  19,1901 
Oct.  25,1903 

Sept.  12, 1902 
Sept.  3,1896 
Sept.  10, 1898 
Sept.  12,1902 
Sept.  13,1902 
Sept.  11,1808 


Oct. 
Oct. 


1,1895 
11,1806 


Aug. 
Sept. 


Oct.   22,1911 
I^Nov.    2,1899 

Nov.    8,1809 

Sept.  12, 1808 
Sept.  22,1886 

31,1900 
10, 1913 

Nov.  11,1901 
Sept.  22, 1897 
Oct.  2,1899 
Sept.  16, 1902 
Oct.  28,1003 
Oct.  1,1895 
do 

Sept.  21, 1895 
Sept.  10, 1896 
Oot.  19,1906 

Sept.  14,1902 
Sept.  23, 1913 

Sept.  28, 1890 
Sept.  29, 1006 

do 

Sept.  27,1912 

Aug.  26,1910 
Aug.  22,1004 


Since  begin- 
ning of  record, 


Oct.   10,1906 
Oct.     7,1891 

Sept.  13,1896 
Sept.  21,1895 

.rrr.do... 

Sept.  24,1906 
Sept.  25, 1908 

Aug.  25,1884 
Oct.  8,1899 

Sept.  14,1911 
Sept.  23,1904 

Oct.  19,1001 
Oct.  25,1008 

Afig.  28,1801 

do. 

do 

Sept.  12,1902 
t  Sept.  13, 1890 

Sept.  11,1808 


Oct. 
Oct. 


1,1805 
2,1876 


Oct.   22,1911 
iNov.    2,1899 

Nov.    3,1889 

Sept.   8,1890 
Sept.  28, 1895 


Aug. 
Sept 


27,1894 
4,1883 


Nov.  1,1898 
Sept.  15, 1873 
Oct.  2,1899 
Sept.  16, 1902 
Oct.  16,1876 
Oot.  1,1895 
do 

Sept.  11,1888 
Sept.  10,1896 
Sept.  28, 1886 

Sept.  14,1002 
Sept.  23, 1018 

Sept.  16, 1887 
Sept.  21, 1880 
Sept.  20, 1006 
Sept.  27, 1912 

Aug.  25,1900 
Aug.  16, 1898 


Years 

of 


Aver- 
age. 


16 


21 
24 

a25 
25 
26 
87 

>88 

81 
81 

25 
>29 

«21 
21 

>24 

26 

83 

27 

>26 

>25 

44 

48 

29 
S25 


25 
40 

28 
>82 

>26 
>46 

t40 
29 
42 

*26 
25 

87 
88 
29 


42 
S86 

81 

42 
24 


207 
218 

187 
175 
194 
211 
192 

181 
190 

167 
179 

224 
281 

185 
126 
132 
148 
144 
143 

207 
224 


271 


168 
181 

126 
136 

283 
164 
201 
165 
236 
198 
179 

189 
188 
222 

170 
181 

156 
167 
178 
164 

119 
102 


81- 

100 

years. 


16 


176 

178 

139 
186 
156 
160 
160 

94 
166 

140 
148 

192 
200 

101 
92 
00 
122 
119 
108 

176 
189 

199 
229 

284 

134 
141 

89 
100 

206 
132 
169 
141 
208 
165 
153 

134 
184 
181 

140 
153 

125 
187 
150 
182 

88 
70 


Shortest  nomber 
of  days. 


1896-1914. 
17 


168-1906 
190-1107 

126-1896 
185-1895 
188-1006 
187—1008 
17&-1905 

92-1913 
171—1906 

183-1911 
151—1907 

197—1007 
107—1907 

83-1902 
82-1902 
83-1902 
128-1901 
123—1904 
83—1902 

180-1895 
187—1910 

209-1899 
244—1906 

240—1807 

148-1912 
90-1896 

97—1909 
92-1913 

207—1807 
134—1907 
175—1899 
148-1903 
205-1903 
154—1906 
165—1885 

114—1008 
142-1895 
191-1905 

184—1918 
184—1918 

131—1895 
147—1895 
150-1908 
141—1895 

94-1910 
45-1904 


Sinoeba- 

g^^Of 

reoora. 


18 


163—1908 
188-1802 

126-1896 
135-1806, 
138-1908 
137—1008 
164-1888 

02-1018 
168-1888 

183-1011 
150-1888 

107—1007 
107—1007 

88-1002 
82-1002 
83-1002 
127—1800 
123-1004 
83-1002 

1 180-1876 
184-1893 

209—1899 
239—1870 

238—1884 

143-1912 
90-1895 

97-1909 
92—1918 

202—1875 
128-1886 
162-1888 
138—1888 
204—1870 
154—1906 
165—1805 

114—1008 
115—1891 
176—1886 

184—1918 
134—1918 

116-1894 
122-1889 
150-1908 
133-1891 

85-1880 
45-1904 


I  Trial,  elevation  86  taet,  1898-1910  (18  years);  Ferguson,  elevatloo  61  feat,  1911-1914  (4  yaars). 
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In  the  determination  of  these  averages  a  number  of  interesting  mathematical 
and  meteorological  problems  arose,  all  of  which  required  working  solutiona^ 
although  the  correct  solution  has  not  yet  necessarily  been  found.  For  exampie^ 
when  the  average  dates  were  determined  there  was  usually  a  fraction  of  a  date- 
to  be  disposed  of.  The  date  is  a  discrete  thing,  not  subject  to  division,  heno& 
the  whole  fraction  must  be  thrown  in  one  direction  or  the  other.  At  first  the 
fraction  was  disposed  of  according  to  the  usual  rule;  that  is,  when  less  than 
0.5  the  fraction  was  dropped,  and  when  more  than  0.5  the  date  was  increased  by 
a  whole  day.  Later  tlie  average  dates  were  checked  by  charting  for  the  spring^ 
the  date  of  last  killing  frost  for  a  number  of  stations  (see  fig.  2).    The  dates 


•  TATIONS 

DAYS  BEFORE  AVCRAOC   AVCIUOC     DAYS  AFTER  AVERAGE   1 
40         30         20          10     OATt        lO         20         30          40          1 

DALE  ENTenPtUSCVA 

6IIAN0  fUPlOS.  MICH. 

BISMARCK.  N.OAK. 

ROSALIA.  WASH 

MEMPHIS.  TCNN. 

-• 

.-A* 

.3^. 

a^i 

!..:       .. 

.  U    . 

.   Ul 

.  u... 

..u 

.      1. 

lb,    J 

•   t   . 

% 

-  « 

• 

^4\-4"r, 

Fio.  2.— Oooorrenoes  of  last  killing  frost  in  spring  with  referenoe  to  the 
average  date  at  selected  stations. 

before  and  after  the  average  for  the  whole  period  of  years  were  then  counted 
and  the  exact  meaning  of  a  fraction  of  a  date  in  this  connection  was  carefully 
considered.  The  same  procedure  was  followed  for  the  dates  of  first  killing 
frost  in  fall  (see  fig.  3).  After  a  careful  consideration  the  conclusion  was 
reached  that  a  more  nearly  correct  method  of  disposing  of  the  fractions  of  dates 
in  the  case  of  killing  frost  averages  consists  of  increasing  the  average  date 
of  the  last  killing  frost  in  spring  by  one  day,  whenever  there  is  a  fraction, 
no  matter  how  small,  and  dropping  all  fractions  of  dates  for  the  average  date 
of  first  killing  frost  in  fall,  no  matter  how  much  the  fraction  may  be.  This 
practice  also  has  the  advantage  that  if  there  is  an  error  it  is  on  the  side  of 
safety,  although  here  a  matter  of  a  day  is  not  of  importance. 

The  method  of  determining  the  average  length  of  the  season  without  killing 
frost  has  been  to  count  the  time  between  the  average  date  of  last  killing  frost  in 


•TATIONt 

DAYS  BEFORE  AVERAG 
40        90        20 

E  AVCIUOC     DAYS  AFTER  AVESAGC  1 
0      DATE       10         M         ao         40          1 

DALE  EMTERfRBE.VA. 

BRAND  RAPIDS.  MICH. 
BISMARCK.  N.DAK. 
ROSAUA.  WASK 
MEMPHIS.  TCNN. 

. 

S4  I 

i.L 

..L 

4  .  . 

. 

t 

:u.l 

tu. . 

. 

mUJ 

u^ 

. 

.. 

- 

.:.. 

• 

,   , 

a.L 

.1    . 

J.i. 

,    . 

FiQ.  3.— OccorreDces  of  first  killing  frost  in  fall  with  reference  to  the  average 
date  at  selected  stations. 


spring  and  the  average  date  of  first  killing  frost  in  fall.  This  method  has  the 
advantage  of  avoiding  questions  of  fractions  of  days  and  also  permits  the  use 
of  the  whole  available  record  for  spring  and  for  fall  in  those  cases  where  one 
or  both  are  incomplete. 

Although  the  "average  dates  of  last  killing  frost  in  spring"  and  of  "first 
killing  frost  in  fair*  and  the  "average  length  of  the  season  without  killing 
frost"  are  terms  which  have  been  widely  used,  there  is  stUl  considerable  doubt 
as  to  the  significance  of  these  terms  and  of  the  figures  representing  them. 
The  average  date  of  last  killing  frost  in  spring  is  that  date  after  which  a 
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killing  frost  will  occur  in  approximately  half  the  years.  On  the  average  date 
there  is  an  even  chance  that  the  last  killing  frost  has  occurred.  In  other 
words,  one  crop  out  of  every 

two  will  be  destroyed  by  frost  jf         ij __  "^"^ 

if  it  is  susceptible  to  frost  in-  "^      '^'  ' 

jury  on  the  average  date.  This 
is  a  higher  proportion  than 
even  the  most  productive  agri- 
culture can  stand,  and  con- 
sequently the  average  date 
of  last  killing  frost  has  little 
significance  for  the  farmer; 
this  also  applies  to  the  average 
date  of  first  killing  frost  in 
tall  Some  date  earlier  than 
the  average  date  of  first  kill- 
ing frost  is  the  date  before 
which  the  crop  must  be  har- 
vested or  there  will  be  loss 
from  frost  damage  in  too  many 
years.  There  are  similar  con- 
siderations to  be  met  with  in 
the  average  length  of  the  sea- 
son without  killing  frost.  To 
take  advantage  of  the  whole 
of  this  season  it  is  necessary 
for  it  to  begin  on  the  day  of 
the  last  killing  frost  in  spring 
.and  to  continue  until  the  date 
of  the  first  kUling  frost  in  fall. 
If  crops  are  planted  so  that 
thej-  become  susceptible  to 
frost  damage  on  the  average 
date  of  last  killing  frost  in 
spring,  the  crop  in  hnlf  the 
years  will  be  destroyed  in  the 
spring.  This  leaves  only  one 
crop  out  of  two  to  continue 
until  fall.  Then,  if  the  fall 
frosts  occur  at  random  with 
reference  to  the  spring  frost — 
that  is,  if  there  is  no  casual 
relation  between  them  —  one 
crop  out  of  every  two  carried 
through  the  summer  will  be 
destroyed  by  a  killing  frost 
in  fall  before  it  can  be  har- 
vested. These  relations  may 
perhaps  be  shown  to  better 
advantage  by  figure  4,  which 
shows  by  bars  the  total  length 
of  the  growing  season  for  the  following 
whole   United    States:    Dale   Enterprise,    Ya. 
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stations    selected    from    the 
Memphis,    Tenn. ;    and    Bis- 
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marck,   N.    Dak.      If   It    were   poBsible   to   determine    the    latest    date    of 
last  killing  frost  In  q>ring  for  a  period  covering  a  hundred  years  or  more 
and  the  earliest  date  of  first  killing  frost  in  fall  for  a  similar  period,  we 
should  probably  have  the  season  of  safe  plant  growth.    The  nearest  approacb 
possible  to  this  available  is  the  latest  date  in  spring  and  the  earliest  date 
in  fall  which  has  been  observed  since  the  beginning  of  the  record.     In  very 
few  cases  this  is  more  than  40  years,  and  in  most  cases  is  a  great   deal 
shorter  than  this.     These  extreme  dates  of  killing  frosts  represent  dUferent 
things  at  different  places  because  of  the  varying  length  of  the  records.     The 
longer  the  record  the  more  probable  it  is  that  these  extreme  dates  will  not 
be  exceeded,  but  as  extreme  dates  rest  on  single  occurrences,  they  can   not 
be  considered  as  absolute  limits.    The  shortest  recorded  season  without  Willing 
frost  is  usually  somewhat  longer  than  the  period  between  the  latest  date  of  last 
killing  frost  in  spring  and  the  earliest  date  of  first  killing  frost  In  fall,  because 
In  most  cases  these  extreme  dates  did  not  occur  in  the  same  year. 

THE   PBOBABILrrr    OF   FBOST. 


Fig.  S.— Frequency  polygon  and  most  probable  nonnal  fre- 
queooy  carre  of  the  date  of  last  killjng  trost  in  apring  for 
the  combined  records  of  88  stations,  comprising  821  obser- 
vations. 


The  date  of  the  last  killing  frost  in  1  year  in  20  established  the  extreme 
limit  for  killing  frost  in  spring  In  that  20-year  period;  In  each  of  the  other 
19  years  the  date  of  the  last  killing  frost  is  earlier  than  that    If  the  20-year 

period  has  the  exact  average 
frost  distribution  the  prob- 
able occurrence  of  the  last 
killing  frost  in  1  year  in  20 
can  be  predicted  on  that 
basis. 

Under  similar  average 
conditions  the  latest  date 
of  last  killing  frost  during 
any  10  years  will  give  the 
date  on  or  after  which .  frost  may  be  expected  once  in  10  years.  How- 
ever, It  Is  hardly  possible  that  any  given  20  or  10  year  period  will  give 
the  exact  average  frost  distribution,  especially  In  the  cases  which  occur 
but  once  or  twice  during  the  period.  It  Is  desirable  to  determine  as  far 
as  possible  the  risk  from  frost  damage  after  any  particular  date.  This 
has  been  attempted  by  various  methods,  the  most  notable  of  which  is  perhaps 
the  table  prepared  by  Wilson*  for  New  York  State.  This  method,  however, 
has  the  disadvantage  that  the  curve  of  frost  occurrence  used  by  him  is  not 
smooth,  which  results  from  the  fact  that  all  the  records  are  too  short  To 
obtain  a  smooth  curve  of  the  distribution  of  last  killing  frost  in  spring  In  the 
neighborhood  of  1,000  observations  are  required.  However,  by  grouping  a 
great  many  cases,  It  Is  possible  to  determine  the  type  of  distribution  of  these 
recorded  dates  of  last  killing  frost  in  spring.  Table  I  shows  for  a  few  stations 
the  dates  on  or  after  which  the  last  killing  frost  may  be  expected  to  occur  in 
1  year  In  10,  provided  the  period  from  which  the  date  was  calculate<l  was 
one  with  average  frost  conditions. 

Figure  5  Is  a  frequency  polygon  which  has  been  constructed  for  828  observa- 
tions, representing  the  combined  records  of  33  stations  for  last  killing  frost  In 
spring.  An  attempt  was  made  to  fit  this  frequency  polygon  to  various  curves 
of  distribution,  both  normal  and  skew  curves,  by  the  use  of  methods  suggested 

1  Wilson,  Wllford  M. :  Frosts  In  New  Tori[,  N.  T.  Cornell  Agr.  Bxp.  Bta.  biU.  816 :  586- 
648,  Ithaca,  1912. 
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by  Pearson.^    From  this  frequency  polygon  It  appeared  that  the  curve  which 
most  nearly  fits  the  conditions  Is  the  **  normal  curve  "  of  distribution.' 

It  can  be  shown  that  the  probability  of  occurrence  of  any  phenomenon  which 
follows  the  normal  distribution  may  be  determined  when  the  "standard  devi- 
ation" is  known.  By  the  use  of  the  standard  deviation  a  much  more  certain 
measure  of  occasional  occurrences  is  determined  than  is  possible  by  a  count 
of  the  two  or  three  extreme  occurrences  in  a  comparatively  short  record. 
Figure  6  shows  the  normal  frequency  curves  of  the  distributions  of  the  dates  of 
last  killing  frost  in  spring  for  five  stations  and  of  first  killing  frost  in  fall  for 
three  stations.  These  stations  were  selected  to  show  the  usual  dispersions  of 
the  normal  frequency  curves.  Each  curve  has  been  shaded  to  show  the  region 
within  which  9/10  of  these  dates  fall ;  that  Is,  the  shaded  area  is  9/10  of  the 
total  area  under  tlie  curve.  The  normal  concentration  of  last  (or  first) 
occurrence  of  killing  frost  at  any  given  number  of  days  after  (or  before)  the 
average  date  Is  shown  by  the  height  of  the  curve  above  the  base  line  at  the 
place  where  this  number  appears  on  the  scale.  The  place  where  the  border  of 
the  shaded  area  cuts  the  base  line  shows  the  date  after  (or  before)  which 
killing  frost  will  occur  only  1  year  in  10  on  the  average.  By  counting  the 
cases  of  frosts  which  fall  within  the  dates  shown  on  the  smooth  normal  curves 
to  include  9/10  of  the  dates,  it  has  been  found  that  out  of  27,838  cases  of 
occurrence  of  last  killing  frost  in  spring  or  first  killing  frost  in  fall,  2,739 
occurre<l  later  in  spring  or  earlier  in  fall  than  the  dates  included  In  the 
shaded  area.    This  is  0.984  in  10,  which  is  a  very  close  agreement. 

>  Pearson,  K. :  Skew  variation  In  homogeneous  material.  Phil,  trans.  Boy»  Soc.,  ser.  A. 
186 :  848-414,  London,  1895. 

*The  following  explanation  of  the  method  of  obtaining  the  date  in  the  spring  after 
which,  and  that  in  the  antmnn  before  which,  frost  will  occur  on  the  average  only 
1  year  in  10  has  been  prepared  by  Mr.  H.  B.  ToUey,  who  made  the  preliminary  mathe- 
matical studies  upon  which  this  statement  of  frost  risk  is  based : 

When  the  problem  of  investigating  the  variability  of  these  dates,  and  consequently  the 
variabiUty  of  the  length  of  the  growing  season,  first  presented  itself,  it  was  seen  that 
if  the  distribution  at  any  station  followed  the  normal  frequency  curve  (variously  known 
as  the  probabiUty  curve,  the  curve  of  error,  etc.)  it  would  be  possible  to  determine  a 
spring  date  for  any  station  after  which  frost  would  occur  on  the  average  1  year  in  4, 
1  year  in  5,  or  1  year  in  100,  if  so  desired,  and  similar  dates  for  early  frosts  in  the  fall. 

Now,  owing  to  the  paucity  of  years  of  observations  at  any  one  station,  the  average  for 
all  stations  being  probably  less  than  20  years,  and  on  account  of  the  fact  that  in  the 
neighborhood  of  a  thousand  observations  are  necessary  to  obtain  a  smooth  curve,  88 
stations  distributed  over  the  whole  United  States,  with  records  varying  from  5  to  48 
years  in  length,  and  828  as  the  aggregate  number  of  years,  were  selected  and  combined, 
a  curve  was  made  for  the  combination  (see  fig.  5).  If  these  are  representative  stations, 
and  a  single  type  of  curve  is  to  be  selected  to  fit  every  individual  station,  It  will 
obviously  be  that  of  the  curve  of  best  fit  for  this  combination. 

The  criteria  developed  by  Karl  Pearson  In  "  Skew  Variation  In  Homogeneous  Material " 
were  applied  to  the  observations  and  they  showed  that  while  the  curve  of  best  fit  was 
not  exactly  a  normal  curve,  it  was  similar  in  all  respects  except  for  a  very  slight  amount 
of  skewness — i.  e.,  the  mean  and  the  mode,  or  abscissa  of  the  highest  point  of  the  curve, 
did  not  coincide.  The  distance  between  them,  however,  was  less  than  one  day,  and 
since  the  unit  of  measurement  Is  one  day  and  it  is  impossible  to  consider  in  the  final 
results  anything  less  than  that,  it  was  finally  decided  to  use  the  constants  of  the  normal 
curve  in  the  computations,  and  the  results  seem  to  have  Justified  this  selection. 

-g« 

The  equation  of  the  normal  curve  Is  y—^yoe  ^*  ,  the  origin  being  at  the  mean,  and  the 
ordinate  at   that  point  being  yo.  <r  is  the  square  root  of  the  arithmetic  mean   of  the 

squares  of  all  the  deviations  from  the  average  date  ('J-jr)      and  is  commonly  known 

as  the  standard  deviation.  The  y  (ordinate)  of  any  point  represents  the  number  of 
occurrences  of  the  particular  deviation,  m,  to  which  it  corresponds,  and  the  total  number 
of  deviations  (or  observations)  is  the  area  of  the  curve.  It  was  found  by  referring  to  a 
table  of  the  probability  integral,  which  is  the  integral  of  the  equation  to  this  curve, 
that  nine-tenths  of  the  area  lies  before  the  ordinate  whose  abscissa  is  1.28  v. 
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It  has  also  been  found  that  in  Individual  cases  there  is  rarely  more  ttian 
one  unit  yariation.  For  example,  from  a  station  with  a  record  of  36  years  there 
are  practically  never  more  than  five  dates  of  last  killing  frost  in  ^rin^  or 
five  of  the  first  killing  frosts  in  fall  which  fall  beyond  the  date  shown  by 
the  smooth  curve,  and  practically  never  less  than  two.  In  a  great  majority  of 
cases  the  number  for  such  a  record  is  three  or  four.  This  apparently  shows 
that  the  normal  curve  is  a  better  indication  of  the  frost  probabilities  than  any 
count  of  the  actual  cases,  which  is  what  we  should  expect  from  a  mathematical 
consideration  of  the  situation.  The  counting  of  a  large  number  of  cases  shows 
that  these  extreme  frost  dates  follow  very  closely  the  normal  distribution. 
From  that  the  inference  is  strong  that  for  any  individual  station  the  distribn- 
tion  is  normal  provided  there  is  a  long  enough  record.  The  normal  distribution 
determined  from  the  actual  distribution  for  the  period  of  the  record  may  be 

used  to  show  the  probability  of  the  occurrence 
of  the  lai^t  killing  frost  in  spring  or  the  first 
killing  frost  in  fall.  The  probable  error  of  tbe 
standard  deviation  of  the  date  of  last  killing 
frost  was  calailated  for  several  stations  from  ob- 
servations covering  a  period  of  20  years  or  more, 
and  was  found  to  vary  from  two  to  five  days,  de- 
I)ending  upon  the  length  of  record  and  also  upon 
the  range  of  variation.  The  probable  error  of  the 
standanl  deviation  and,  hence,  of  the  dates  deter- 
mined, varies  directly  with  the  magnitude  of  the 
standard  deviation  and  inversely  as  V^  where  n 
is  the  number  of  observations.'  Of  course,  tlie 
number  of  observations  for  a  single  station  is  so 
small  that  the  standard  deviation  can  not  be  re- 
garded as  well  established,  but  it  is  significant 
that  the  combination  of  many  records  results  in 
a  nearly  smooth  curve  with  a  single  mode  and 
that  the  successive  addition  of  more  observations 
makes  the  curve  smootlier  and  smoother. 

If  the  normal  curve,  or  rather  the  standard  de- 
viation, could  be  determined  for  each  of  the  800 
or  more  stations  in  the  United  States  having 
records  sufficiently  long  to  justify  this  procedure, 
It  would  be  possible  to  show  the  risk  of  frost  at 
any  particular  date.  However,  the  clerical  labor 
involved  in  determining  standard  deviations  for  a 
large  number  of  stations  is  so  great  that  this 
has  been  determined  only  for  669  selected  stations.  The  standard  deviations  for 
these  stations  are  given  in  Table  2  for  both  spring  and  fall  frosts,  together 
with  the  average  dates  of  last  killing  frost  in  spring  and  of  first  killing  frost 
in  fall. 

This  method  of  determining  the  probability  of  frost  is  subject  to  limitatioDS 
because  of  the  small  number  of  observations  in  any  case.  As  has  been  pointed 
out,  there  are  seldom  more  than  40  observations  and  more  often  20  to  25. 
This  means  that  it  is  not  possible  to  obtain  a  measure  of  dispersion  which  is 
not  subject  to  considerable  error. 
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However,  as  the  years  of  observation  increase,  the  accuracy  of  tlie  method 
will  become  greater,  and  even  with  these  limitations  it  is  probable  that  tlie 
date  obtained  is  more  accurate  than  that  which  results  from  a  count  of  cases, 
because  the  date  obtained  by  the  use  of  the  standard  deviation  rests  on  20 
observations  for  20-year  records  and  40  observations  for  40-year  records,  while 
those  obtained  by  noting  extreme  cases  rest  on  two  occurrences  in  the  oane  of 
20-year  records  and  four  occurrences  In  the  case  of  40-year  records. 

Table  2. — Frost  data  for  selected  stations. 


Station. 


B«nnuda 

Daphne 

Bolaula 

Florenoe 

Gadsen 

Highland  Home 

Livingston 

Opellka 

Tosoalooea 

UnloDtown 

Valley  Head.... 
Ariioiia: 

Bisbee 

Bookeye 

Dudley  vUle 

FortOrant 

Fort  McDowell. 

Fort  Mohave... 

Holbrook 

Jerome 

Oracle 

Parker 

Phoenix  Exper- 
iment Bta- 
Uqp. 

Tucson 

Yuma 


Conway 

Coming 

Fort  Smith.. 
Newport.... 

Helena 

Malvern...., 

Rogers 

Stuttgart... 
Texarkana.. 
California: 
Berkeley..., 
Cedarville... 
Chino , 


Claremont 

Durham 

Esoondldo 

Georgetown...., 

HoUtoter , 

lowaHlU 

Kennedy  0<^ 
Mine. 

Lick  Observa- 
tory. 

Lodi 

LosOatos 

Mammoth  Tank 

Nevada  City... 

Napa 

OrovOle 

Palermo 

PlaoerviUe 

Redding 

Repressa 

Rhrerside 

Sacramento.... 


County. 


Cooeeuh... 
Baldwin... 

Barbour 

Lauderdale 
Etowah.... 
Crenshaw.. 

Sumter 

Lee 


Perry... 
Dekalb. 


Cochise 

Maricopa... 

Pinal 

Graham.... 
Maricopa... 

Mohave 

Navi^o 

Yavapai... 

Phiai 

Yuma 

Maricopa... 


Pima... 
Yuma.. 


Of 
Faulkner... 

Clay 

Sebastian.. 

Jackson 

Phillips... . 
Hot  Goring. 

Bentoo 

Arkansas... 


Alameda.... 

Modoc , 

San  Bernar- 
dino. 
Los  Angeles 

Butte 

San  Diego... 
Eldorado... 
San  Benito. 

Placer 

Amador 


Santa  Clara. 

San  Joaquin. 
Santa  Clara. 

Imperial 

Nevada 

Napa 

Butte 

do 

Eldorado... 

Shasta 

Sacramento. 
Riverside... 
Sacramento. 


200 
630 
631 


160 
917 
230 
278 
1,031 

6,500 

960 

2,860 

4,016 

1,460 

604 

6,600 

4,748 

4,600 

363 

1,003 


2,427 
141 

168 
800 

208 
481 
281 
182 
277 
1,886 
228 
882 

820 

4,676 

714 

1,200 
160 
600 

2,660 
284 

2,826 

1,600 

4,209 

86 

600 

287 

2,680 

60 
250 
213 
1,820 
663 
806 
861 

71 


Years. 


A,. 


March,  21.2.. 
March,  8.4... 
March,  16.1.. 
March,  80.6.. 
AprlL  1.7.... 
Maron,8.6... 
March,  20.4. 
March,  20.6.. 
March,  28.2.. 
March,  16.4.. 
April,  9.6.... 


March,  21.6.. 
March,  6.9... 
March,  30.0.. 
March,  16.3.. 
March,  9.7.. 


February,  6.6. 
May.6.7:.... 
Mar^  16.7., 
March,  9.4... 
March,  7.8... 
March,  7.8... 


March.  18J 

January!  (20),  19.7. 


Mardi,22.0.. 
Mardi,26.6.. 
Aprfl,  1.6.... 
M!wd&,  21.2.. 
March,  26.3.. 
Maroh,21.6.. 
April,  S.O.... 
Aprfl.  11.6... 
Mardb,27.8.. 
March,  20.6.. 


January  1(18),  17.8. 

May,25.1 

February,  14i) 


February,  11.7. 

Mardi,18.6 

March,  27.8 

Aprfl,  1.6 

March,  14.7 

March,  26.2 

March,  13.7 


May,  7.1. 


March,  4U). 
February  1(18),  8.6. 
February,  7.1.. 

May,  8.4 

February,  22.4, 
February,  9.0. 
March,  11.7.... 

Aprfl,  6.3 

March,  9.8 

February!  (18),  20.a 
February'  "' 
February 


r»(l8), 
r«(26S, 
ri(8i, 


16.9 
14.6 
17.4 
16.1 
11.8 
18.0 
13.4 
12.4 
13.2 
13.7 
13.9 

22.8 
20.4 
16.6 
22.6 
29.6 
2L6 
16.1 
22.7 
19.1 
19.7 
17.7 


19.9 
26.0 

16.6 
12.1 
10.8 
n.4 
ILl 
14.2 
12.2 

n.6 

13.1 
13.2 

28.6 
18.0 
22.6 

9.3 
26.4 
27.7 
29.7 
37.9 
26.0 
33.0 

26.9 

21.0 
24.8 
80.7 
17.8 
10.4 
87.4 
20.2 
27.0 
2ft.7 
9.8 


24.2[  27.7 
10.6'  29.6 


A.. 


November,  6.0.. 
November,  23.i9. 
Novembo;.  9J... 

October,  28.6 

October,  29.6.... 
November,  16.1. 
November,  1.6 . . 
Novemoer,  12.2. 
November,  6.4.. 
November,  10.1. 
October,  21 .6 


November,  26.7., 
November,  26.2. 
November,  113. 
November,  26.6. 
November,  21 .7. 
December,10.6.. 
October,  16.3.... 
November,  26.7. 
December,  8.6... 
November,  22.1. 
November,  27.6.. 


November,  24.1 

December  i(29),21.7 

November,  3.3 

November,  1.0 

October,  17.6 

November,  6.8 

October,  26.7 

November.  6.6 

October,  29.9 

October,20.6 

October,  28.6 

November,  8U) 


January  1(17).  3.0. 
September,  26U)... 
December,  13.3 — 


December,  20.3.. 
November,  2.3.. 
November,  19.8. 
November,  16.2. 
November,  16.1. 
December,  6.2... 
December,  7.6... 


November,  16.0. 

November,  22.8 

December  1(17).  28.4 
December,  80.0. 
October,  ^.4... 
December,  16.0. 
December,  6.8.. 
November,  21.7 
November,  3.1. 
December,  2.3.. 
December  1(19),  18.4 
December^  >^    -- 
November 


i»  «•• 

r  1(19),  18.4 
ri(23),8J. 
r  1(30),  27.6 


10.0 
14.4 
13.8 
8.9 
1L7 
11.4 
10.7 
16.7 

ia8 

12.3 

ia8 

12.8 
18.8 
18.4 
17.0 
21.4 
23.6 
12.6 
17.1 
12.6 
12.0 
16.0 


17.2 
22.8 

18.6 
10.8 
U.7 
10.6 
9.9 
10.1 
9.6 
9.0 
U.8 
11.1 

28.8 
12.0 
28.0 

36.9 
17.4 
20.8 
17.8 
16.6 
19.4 
14.7 

28.6 

19.1 
28.7 
36.2 
16.7 
29.4 
18.8 
16.0 
19.2 
18.7 
14.0 
2L8 
19.8 


1  Some  years  are  lh»t  fk«e.  The  number  in  parentheses  is  the  number  of  years  in  which  frost  occurred. 
For  example,  at  Yuma  the  record  covers  87  years,  of  which  8  were  tnet  free  and  29  had  frost.  For  a  method 
of  determmlng  the  frost  risk  under  sooh  CQDditioDs,8ee  Table  3,  p.  621. 
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TABiJi  2. — Frost  data  for  selected  stations — Continued. 


station. 


County. 


California— Contd. 
San  Bernardino. 

San  Jacinto 

Santa  Barbara.. | 


Santa  Crux.. 

Shasta 

Stockton 

StiflanvUle... 

UWah 

Upper  lAke. 


San  Bernar- 
dino. 

Riverside.. 

Santa  Bar- 
bara. 

Santa  Cras.. 

Shasta , 

SanJoaqoln 


Upp 


WiUow 
Colorado: 

Breckenrldge. 

Canon  City... 

Castle  Rock.... 

ColoradoSprings 

Delta.. 

Denver. 

Fort  Collins.... 

Oreeley 

Grand  Junction. 
Grand  Valley. . . 

Gunnison 

Lake  Moraine... 

Las  Animas 

Lay.. 

Leroy 

Meeker  (near) . . 

Pagoda. 

Pueblo. 


San  Luis 

CoDneetlout: 

Canton 

New  Haven 

Waterbury.. 
Delaware: 

Millsboro.... 
Florida: 

Brooksville. . 

Jacksonville 

Kissimmee 

Lake  City 

Pensacola 

St.  Augustine.. 

Tallahassee.... 
Georsia: 

Blakeley 

Gillsvllle 

Hawkinsville. . 

Louisville 

MiUedgeville... 

Montioeno 

Point  Peter.... 

Poulan 

Quitman 

Ramhurst 

Rome 

Talbotton 

Idaho: 

American  Falls 

Boise 

Lewiston 

Moscow 

Oakley , 

Payette 

PorthiU 

niinois: 

Albion 

Aurora 

OarlinviUe 

Charleston 

Decatur 

Dixon 

Galva 

Havana 


Mendocino. 

Lake 

Yuba 

Glenn 


Summit.... 
Fremont... 

Douglas 

El  Paso.... 

Delta 

Denver 

Larimer 

Weld 

Mesa 

Garfield 

Gunnison.. 
El  Paso.... 

Bent 

Moffat 

Logan 

Rio  Blanco. 

Routt 

Pueblo. 


CostUla. 

Hartford... 
New  Haven. 
....do 


Sussex 

Hernando. . 

Duval 

Osceola 

Coliunbia.. 
Escambia.. 
St.  Johns.. 
Leon 


Early 

HaU 

Pulaski 

Jefferson... 
Baldwin... 

Jaspar 

Oglethorpe. 

Worth 

Brooks 

Murray.... 

Floyd 

Talbot 


Power 

Ada 

Nez  Perce. 

Latah 

Cassia , 

Canyon — 
Boundary., 

Edwards. . . 

Kane 

Macoupin.. 

Coles 

Macon 

Lee 

Henry 

Mason 


H. 


1,064 

1,560 
UO 

ao 

1,148 
38 
4,196 
630 
1,360 
84 
136 

9,636 
5,343 
6,220 
6,096 
6,026 
5,272 
4,985 
4,649 
4,602 
5,089 
7,670 
10,265 
3,899 
6,190 
4,380 
6,182 
6,500 
4,686 
7,746 
7,794 

900 
117 

400 

20 

126 
222 

65 
210 
140 

10 
192 

300 
1,052 
235 
259 
276 
800 
600 
305 
173 
900 
576 
760 

4,341 
2,739 
757 
2,748 
4,700 
2,159 
1,665 

531 
678 
663 
720 
685 
725 
842 
476 


Years. 


March.  13.6 28.4 

22  I  Mardi,  18.2 i  24.2 

26  I  February »  (7),  1.1..;  88.8 

21  ,  March,  14.8 ,  26.9 

20  '  April,  2JS '  3L3 

22  !  February  ^  (20),  9.6.   29. 2 

May.  12.6 .....I  19.8 

April.  2.0 1  3L0 

March,  81.4 ;  16.7 

February,  26.2 j  26.5 

March, 2.1 1  30.6 


18  I 
22  I 
22  ! 
26  I 
20  I 

20  > 

22; 

20' 

22  I 

20 

43  ! 

20 

20 

23 

20 

22 

21 

22 

20 

20 

21 

19 

27 

19 

22 

30 
42 
28 

22 


Jlilv    16.1 11.9 

Afr  11.27.0 !  12: 2 

Mi^.  12.8 1  12.1 

M.1V./..4 1  9.7 

Miu.  10.8 1  18.4 

M:j\,  i.9 1  118 

M:i\    4.2 1  10.5 

Apn     29.2 1  ia2 

Ai'TiM7.7 12L7 

Mil, ,  1.8 13.8 

JiiiM.  ■J8.2 13.0 

JiJ  -V  19.6 1  19.1 

A[rit.  27.9 ILO 

JuAiv,  11.6 26.2 

May,  1.8 1  12.0 

June,  12.6 |  13.2 

June,  16.5 16.5 

April,  26.6. &9 

May,  26.3 1  18.6 

June,  6.7 1  ILO 


May.6.0 1L9 

April,  16.8. ia2 

April,  30.8 9.8 


April,  21.5 j  U.1 

February  1  (20).  16.L   24.8 

February,  14.6 . 27. 5 

February*  (19),  2.5.1  20.8 

March,  6.3 j  16.2 

February,  23.8 ,  2L0 

February  1(22),  18. 2,  18.9 
March;  1.0 20.3 

March,  18.6 17.2 

April.  5.7 '    a5 

Mardb,  24.6 :  16.6 

March,  26.8. ,  15.0 

March,  29.2 12.4 

March,  27.0 '  12.6 

Aj)ril,1.4 '    9.4 

March,  20.0. I  17.2 

March,  17.6 '  17.7 

15.6 ,  13.3 

H8.7 !    9.4 
,30.7 12.4 

20  !  May.  20.4 2ai 


22 

22 

24 

21 

22, 

25 

25 

23 

21 

23 

22 


i*M.aj.  m/u.-m M^  A 

April,  26.1 17.1 

AprU,6.3 14.1 

16.5 


21     April 
21     May,  5.9 
21     May,  23.5 
23  '  May,  4.6. 
21  I  Mav,  10.1 


21  i  April,  13.8.. 
27  I  May,  4.7... 

22  April,  21.4.. 
17  I  April,  28.4.. 

21  1  April,  23.0.. 

22  April.  28.8.. 
22  AprU,  29.9.. 
21  !  AprU,  19.0.. 


17.8 
18.6 
19.2 

ia2 

13.9 
10.6 
13,7 
1L3 

n.8 

13.4 
13.0 


A.. 


14.8 


19.7 
22.4 


November,  26.5. . 

November.  23.6 

December  >  CO,  15-1 


December,  4.1 19lS 

November,  18j0 21 S 

November  K21),  26.2^  ILS 

October,  6.1 ,  26.5 

November,  10.2 20.4 

November,  6.4 i  18LI 

December,  2.0 16l0 

November,  28.4 I  8.7 


119 
14.1 
2S.S 
114 
110 
1L5 

laa 
no 

14.4 

lis 
lis 
no 

IZS 

US 

116 

ia7 

8.7 
8.8 

ia4 

1L6 


August,  18.6 

October,  11.1 

September,  21.6 

October,  l.O i 

September,  27.0 

October,  6.8 

September,  25.6 

October,  l.O I 

October,  17.9 ' 

September,  2D.7 *■ 

August,  31.1 

September,  8.4 ^ 

October,  5.8 i 

September,  4.2 1 

September,  90.8 

September,  11.3 

September,  6.8 / 

October,  7.4 

September,  25.4.. 
September,  20.8. . 


October,  3.5.. 
October,  21.3. 
October,  6.8. . 


October,  ».3 

December  1(20)4^1. 

December,  6.3 i 

DecemberK19)3B.3. 
November,  30.6. . . .' 

December,  9.4 1 

December  1(22),  21.9 
December,  16 1 

November,  10.2 I 

October,  24.3 i 

November,  6.6 

November,  5.8 

November,  4.0 ' 

November,  3.6 j 

October,  30.6 | 

November,  7.2 | 

November.  15.4 

October,  18.2 i 

October,  25.5 

November,  3.8 


8.3 

9.S 
U.1 

&7 

flL4 

17.1 
19.6 
15.0 
24.0 
2a6 
19.0 

lai 
US 

117 
117 
115 

no 

U.7 

n.2 

13.6 

9.7 

8.6 
111 


September,  11.8....     114 

October,  14.3 :    11$ 

October,  26.9 17.7 


October,  8.4 

September,  19.1 

September,  28.5 
September,  27.9 


October,  21.3. 
October,  7.4.. 
October,  14.9. 
October,  14.4. 
October,  15.9. 
October,  10.6. 
October,  11.8. 
October,  17.3. 


17.2 
115 

lao 

la? 

lai 

1L4 

ia6 

1L4 

ia9 

114 

las 

IOlS 


1  Some  years  are  frost  free.  The  numbers  in  parentheses  are  the  years  in  whichfrost  has  been  recorded 
e.  g.,  at  Brooksville  there  are  23  years  of  record,  of  which  4  were  frost  free  and  19  had  frost.  For  a  method  of 
determining  the  frost  risk  under  such  conditions,  see  Table  3,  p.  621. 
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Station. 


IUinol»-CoDtd. 

LaHarpe 

Mount  vernoii. 

NewBurnside.. 

Ottawa 

Peoria 

Phllo 

Streator 

Winnebago 

Indiana: 

Columbus 


Connersville... 

Farmland 

Hammond 

Huntington... 

Kokomo 

Lafayette 

Logansport 

Marengo 

Mount  Veraon 

RockYiUe 

South  Bend . . . 

Vevay 

Vincennes 

Iowa: 
Algona 


County. 


Hancock... 

Jefferson 

Johnson 

La  Salle.... 

Peoria 

Champaign 
La  Salle.... 
Winnebago 


Bartholo- 
mew. 

Fayette 

Randolph.., 

Lake 

Huntington. 

Howard. 

Tippecanoe . 

Cass 

Crawford..., 

Posey 

Parke , 

St.  Joseph.. 
Switzerland, 
Knox , 


Bonaparte... 

Carroll 

Coming 

Des  Moiaes. 
Keokuk 


Kansas: 

Ashland 

Atchison... 
Burlington . 

Colby 

.  Columbus. 


Dodge  City. 

Ellinwood , 

Emporia , 

Frankfort , 

Garden  City... 

Grenola , 

Hutchinson 

Horton 

Independence. . 

Lebo 

McPherson 

Macksville 

Manhattan  (Ag- 
ric.  Col.). 

Olathe , 

Oswego , 

Sedan 

Tqpeka 

Wichita 

Kentucky: 

Blandvllle , 

BowUng  Qreen 

Earlimion 

Eubank , 

Mount  Sterling, 

Shelbyville 

Louisiana: 

Alexandria 

Amite 

Donaldsonville . 

Liberty  Hill.... 

Melville 

Monroe 

Opelousas 

Plain  Dealing.. 

Sugartown 

Maine: 

Bar  Harbor 

Cornish 

Eastport 

Farmington 


Kossuth.... 
Van  Buren. 

Carroll 

Adams 

Polk 

Lee 
Mitohell'.'.!'. 


Clark 

Atchison.. 

Coffey 

Thomas... 

Cherokee 

Kingman. 
Ford 


Fo 

Barton. 

Lyon.. 


Finney 

Elk... 

Reno.. 

Brown 

Montgomery 

Coffey. 

McPherson.. 

Stafford. 

RUey... 


Johnson 

Labette 

Chautauqua 

Shawnee 

Sedgwick... 


Ballard.. 
Warren.. 

Hopkins 

Pulaski 

Montgomery 
Shelby... 


Rapides — 
Tangipahoa 
Ascension.. 
Bienville... 
St.  Landry.. 
Ouachita — 
St.  Landry.. 

Bossier 

Calcasieu 

Hancock. 

York 

Washington. 
Franklin.. 


H.      Years.l 
'  I 


511 

501.1  , 
51^  ' 
701^ 

m^i  I 

1,101 
402 

(Mil  ' 
mi 

72-^ ; 

72(1  , 


1,21  i 


I 


fill 

97:1 
1,010  I 

2,w:j 
l,70f) 
1, 13S 
1, 14ft 

1,535 
I^ISS 
800 
1,13S 
1,105 
2,032 
1,100 

1,032 

fm 

S31 

997 

1,377 

445 

BOO 

S7n 

1,177  , 

77  ■ 
3:1 


4:> 

2ft^ 


2ft 

7U, 


April,  24.7 

April,  19.6 

April,  18.5 

April,  26.2 

AprU,15.1 

April,  30.7 

April,  2B. 9.... 
May,  7.4 

April,  27.9 

AjjrU.:«.2 

April.  2.>.1 

A]      '       .6 

A]  i.8 

A]  .9 

Aj'il   .'.^0 

AjTil    ]1.7 

A]  in  J.  '2'i.O 

Mi>.    --^.L- 

ApiLl.  :^1.2 

A)>ul.  K5.5 

May,  1.4 

April,  23.6 

April,  30.8 

April.  29.7 

April,  22.2.... 

AprU,  14.3 

May,  1.9 

April,  16.2 

April,  11.2 

April,  16.7 

May,  1.2 

April,  6.2 

April,  20.8 

April,  18.6 

April,  26.0 

April,  10.6 

AprU,  22.9 

AprU,  28.7 

April,  16.2 

AprU,  14.6 

AprU,  18.6 

April,  13.8 

AprU,  14.3 

April,  21.3 

AprU,  26.3 

AprU.  26.1 

April,  21.7 

April,  13.6 

April,  12.3 

April,  9.3 

April,  10.0 

AprU,  11.4 

April  17.6 

April,  18.8.... 

April,  22.8 

April,  16.4 

April,  18.7 

March,  12.4.... 
March,  14.2..-. 
February,  26.6 
March,  23.1.... 

March,  10.5 

March,  13.5.... 

March,  8.4 

March,  26.5.... 
March,  6.5 

May,  11.8 

May.1.4 

April,  27.9 

Btoy,  17.6 


10.1 
12.6 
12.9 

ia9 

10.2 
14.3 
12.9 
13.3 

12.7 

14.0 
14.0 
11.5 
14.1 
16.4 
13.9 
13.5 
13.7 
12.2 
13.3 
13.0 
11.3 
11.2 

10.3 
10.3 
10.8 
11.8 
14.4 
11.7 
17.7 

19.8 
14.0 
15.4 
11.8 
12.3 
15.7 
12.6 
13.4 
15.9 
13.4 
13.7 
13.4 
13.9 
11.4 
16.1 
14.5 
12.6 
15.9 
14.0 

14.6 
16.1 
15.0 
17.2 
13.3 

11.6 
10.7 

9.7 
10.2 
10.6 

9.7 

17.2 
15.5 
16.0 
15.9 
19.2 
13.1 
13.8 
16.0 
17.2 

13.7 
14.4 
8.0 
12.8 


October,  5.0 

13.7 

October,  17.2 

n.» 

October,  16.6 

ia» 

October,  12.2 

n.7 

October,  19.0 

9.8^ 

October,  3.8 

13.3 

October,  11.0 

12.2^ 

October,  5.8 

11.6^ 

October,  10.4 

12.2 

October,  8.8 

12.^ 

October,  14.5 

11.7 

October,  15.3 

11.7 

October,  9.6 

12. « 

October,  3.6 

12.4 

October,  7.3 

12.4 

October,  13.4 

12.8 

October,  10.0 

13.9 

October,  20.4 

10.0 

October,  10.1 

12.7 

October,  12.8 

12.2 

October,  23.6 

.   12.0 

October,  20.2 

14.1 

October,  4.9 

9.3 

October,  9.8 

11.0 

October,  4.4 

13.9 

October,  7.2 

11.8 

October,  10.5 

11.9 

October,  15.1 

12.3 

October,  3.2 

10.4 

October,  20.7 

12.0 

October,  15.8 

12.0 

Or-"Br,15.0 

n.4 

0(       er,6.5 

18.2 

0(       Br,22.0 

0.9 

0(       er,17.0 

12.2 

0(       Br,17.7 

9.6 

0(       Br,16.6 

12.6 

0(       er,18.1 

12.2 

0(       Br,10.8 

12.6 

0(       Br,10.0 

13.4 

0(       Br,  18.1 

10.0 

0(       Br,  16.2 

10.6 

0(       er,15.0 

10.8 

0(       Br,22.3 

12.9 

0(       Br,  18.4 

9.5 

0(       Br,  16.1 

12.0 

0(       Br,  13.2 

12.1 

0(       er,11.9 

11.2 

October,  15.1 

n.6 

October,  22.4 

12.6 

October,26.0 

14.8 

October,  15.1 

10.7 

October.  19.8 

12.8 

October,  19.7 

9.8 

October,  18.1 

8.5 

OctolHsr,  18.0 

10.8 

October,  14.2 

11.3 

October,  17.4 

9.8 

October,  16.4 

9.1 

November,  6.4 

13.7 

November,  4.8    . . 

10.8 

November,  23.0 

14.9 

November,  3.8 

12.2 

November,  6.0 

11.7 

November,  10.6 

16.6 

November,  12.0 

11.2 

November,  5.2 

11.5 

November.  18.3 

13.1 

October,8.2 

14.8 

October,  2.6 

9.7 

October.  23.1 

10.7 

September.  20.4.... 

10.2 
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station. 


ICaryland: 
Annapolis. 


Baltimore 

Cumberland 

Emmitsburg.... 

Fallston 

Fort  McHenry  . 

Frederick 

Great  Falls 

New  Market.... 

Washington 

Woodstock 

Massachusetts: 

Blue  Hill  Ob- 
servatory. 

Concord . .' 

Middleboro 

Monson 

New  Bedford... 

Somerset 

Westboro 

Williamstown.. 
Michigan: 

Alpena 

Berlin 

Calumet 

Grand  Rapids.. 

Ivan , 

Kalamazoo 

Old  Mission... 

Sault  Ste.  Marie. 

Thom\ille... 
Minnesota: 

Bird  Island.. 

Caledonia 

Crookston... 

Long  rrairie 

Lynd 

Moorhead 

Mount  Iron 

Pine  River  Dam 

Two  Harbors... 

Winnibigoshish 

Zumbrota 

Mississippi: 

Bay  St.  Louis... 

Agricultural 
College. 

Brookhaven 

Greemilln 

Kosciusko 

Lake 

Natchex 

Missouri: 

AppletonCity.. 

Blrchtree.... 

Conception.. 

Houston 

Ironton 

Lebanon 

Liberty 

Mexico , 

Mount  Vernon. . 

Neosho , 

Unionviile 

Montana: 

Boulder  Nurs- 
ery. 

Boseman , 

Butte 

Columbia  Falls 

Crow  Agency. . , 

Fort  Benton 

Glendive.... 

Great  Falls.. 

Havre 

Helena 


Miles  City. 
Missoula... 

Poplar 

Utloa 


County. 


Anne  Arun- 

dcL 
BMlUmore. 
Allfinany.. 
Fri^lerirk- 
H  irford  . . . 
BiilriTn.*r(*. 
Fi    ■•■■•  •:  ... 
Montgomery 
Frederick. 

D.C 

Baltimore. 


Norfolk . . . 

Middlesex. 
Plymouth. 
Hampden. 
Bristol.... 
Bristol.... 
Worcester. 
Berkshire . 


H. 


Alpena 

Ottawa... 
Houghton. 

Kent. 

Kalkaska. 
Kalamaeoo. 
Grand  Trav- 
erse. 
Chippewa.. 
Lapeer 


Renville... 

Houston 

Polk 

Todd 

Lyon 

Clay 

St.  Louis... 
Crow  Wing. 

Lake , 

Itasca 

Goodhue... 

Hancock . . . , 
Oktibbeha. 


Lincoln 

Washington. 

Attala 

Scott 

Adams 


St.  Clair..... 
Shannon . . . , 
Nodaway . . . 

Texas 

Iron , 

Laclede 

Clay 

Audrain 

Lawrence.., 

Newton 

Putnam...., 


Jefferson 

Gallatin 

Silver  Bow., 
Flathead... 
Big  Horn . . 
Chouteau . . , 

Dawson 

Cascade 

mil 

Lewis   and 
Clark. 

Custer 

Missoula ... 
Sheridan... 
Fergus 


145 

115 
623 
720 
450 
36 
275 
200 
550 
112 
392 

640 

139 
53 

420 
88 
40 

298 

711 

609 

686 

1,246 

707 


955 

858 

614 
975 

1,039 
1,179 

863 
1,299 
1,175 

935 
1,510 
1,251 

614 
1,300 

917 

28 
424 

500 
126 
437 
446 
306 


1,200 

982 

1,280 

925 

1,265 

864 

797 

1,480 

1,023 

1,072 

5,200 

4,900 

5,716 

3,100 

3,041 

2,630 

2,009 

3,360 

2,487  , 

4,110  I 

2,371  I 
3,235 
2,020  j 
5,000  ! 


Years. 


22 

42 
29 
35 
36 
22 
26 
81 
25 
43 
41 

28 

29 
28 
27 
39 
42 
40 
40 

40 
20 
22 
31 
21 
35 
21 

27 
35 

25 
22 
25 
22 
23 
34 
21 
28 
21 
28 
19 

21 
33 

23 
24 
24 
22 
22 

25 
22 
31 
33 
24 
27 
35 
36 
32 
23 
22 

20 

21 
20 
20 
34 
25 
24 
23 
33 
85 

23 
23 
39 
21 


A.. 


April,  16.0... 

April,  4.0... . 
April,  14.5... 
April,  10.3... 
April.  20.6... 
April,  12.0... 
April,  17.7... 
April,  17.5... 
AprU,  18.8... 
AprU,8.7.... 
April,  16.1... 


April,  28.4.. 


May,  8.1 

May,  12.2.... 
May,  13.7.... 
April,  14.3.... 
April,  30.0.... 

May,  6.6 

May,  2.3 


May,  13.2. . 
May,  17.5. . 
May.  13.8. . 
-\pril,25.5.. 
May,  35.3. . 
April,  36.6.. 
May,  13.1 . . 


May,  14.3.. 
April,  26.6.. 


May,  11.4 

May,  4.2 

May,  16.6 

May,  18.2 

May,  14.8 

May,  13.4 

June,  1.2 

May,  16.0 

May,  20.7 

May,  11.7 

May,  14.3 

Februarv,  24.4 . 
March,  ft.3 


March,  18.0.. 
March,  19.0.. 
March,  28.1.. 
March,  24.4.. 
March,  11.9.. 

April,  30.0... 
April,  13.5... 
April,  19.0... 
April,  34.9... 
April,  36.4... 
April,  14.7... 
April,  17.5... 
April,  16.9... 
April,  33.8... 
April,  33.7... 
April,  33.5... 


June,  13.3. 

May,  35.4. 
May,  30.1. 
June,  10.5. 
May,  14.4. 
May,  11.7. 
May,  11.4. 
May,  5.7. . 
May,  15.5. 
May,  8.4.. 


May,  3.0 

May,  24.1 

May,  13.7 

May,  36.8 


14.8 

15.3 
13.0 
10.7 
13.9 
10.8 
14.3 
13.7 
14.7 

n.i 

n.8 

10.9 

9.0 
13.4 
10.6 
10.0 
13.3 
18.5 
10.7 

n.i 
n.3 

13.7 
13.7 
16.5 
13.3 
13.8 

9.8 
14.9 

13.8 
13.6 
12.1 
14.3 
13.3 
14.5 

ia6 

12.8 
13.1 
13.1 
13.5 

16.6 
13.5 

17.5 
15.6 
11.6 
11.9 
16.3 

13.8 
10.6 
U.6 
13.1 
14.9 
13.4 
13.3 
10.0 
13.7 
11.7 
11.4 

15.0 

30.0 
19.1 
16.1 
14.4 
16.8 
11.0 
13.3 
11.3 
13.3 

10.8 
17.0 
13.3 
16.8 


October,  31.9 

November,  4.6 

October,  31.5 

October,37.1 

October,  30.7 

November,  10.1 .... 

October,  34.8 

October,  19.1 

October,  32.0 

October,32.3 

October,  14.5 

October,  12.7 

October,  2.0 

September,  29.4 . . . 
September,  23.6... 

October,  27.5 

October,  16.8 

October,  3.1 

October,  9.2 

September,  29.0... 

October,  4.6 

October,  6.8 

October,  13.2 

September.  23.7... 

October,  21.7 

October,  19.3 

September.  27.6... 
October,  11.9 

September,  38.4... 

October,  3.3 

September,  33.1 . . . 
September,  33.3... 
September,  35.0... 
September,  33.3... 
September,  13.8... 
September,  17.6... 
September,  35.4 . . . 
September,  37.6... 
September.  37.3... 

November,  38.7... 
November,  5.0 

November,  5.6 

November,  7.9 

October,  39.1 

October,  39.1 

November,  14.7... 

October,  16.5 

October,  18.3 

October,  19.5 

October,  9.6 

October,  6.9 

October,  30.7 

October,  10.4 

October,  17.0 

October,  14.8 

October,  14.8 

October,  13.1 

September,  3.4 

September,  7.7 

September,  16.3... 

August.  35.4 

September,  35.1... 
September,  33.5... 
September,  19.9... 
September,  34.0... 
September,  18.4... 
September,  36.8... 

September,  38.7... 
September,  16.3... 
September,  13.5... 
September,  15.9... 
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station. 


County. 


Years. 


Nebraska: 

Ashland 

Beatrice 

Beaver  City. 

Callaway 

David  City.. 

Fort  Robinson.. 

Gothenburg 

Hartington 

Hot  Springs 

Imperial 

Loagepole 

North  Platte... 

Omaha 

Syracuse 

valentine 

Nevada: 

Carson  City 

Elko 

Ely 

Lewers'  Ranch. 

Palmetto 

Potts 

Reno , 

Wells. 

Winnemucca... 
New  Hampshire: 

AlsteadT. 

Bethlehem 

Brookllne 

Newtoo , 

Plymouth , 

New  Jersey: 

Atlantic  City.. 

Brldxeton 

Charlotteburg. . 

Somenille 

New  Mexico: 

Agricultural 


Albuquerque. 

Carlsbad 

Deming 

Engle  and  Rio 
Grande  Dam. 

Fort  Union 

Fruitland 

Las  Vegas 

Los     Lunas 

Roswell". 

SanMarcial 

Santa  Fe 

Springer 

NewVork: 

Addison 

Angelica 

Appleton 

Binghamton.... 

Buffalo 

Cooperstown... 

Qlens  Falls 

Gloversville 

Ithaca , 

New  Lisbon... 

Oswego , 

Oxford 

Perry  City 

Rochester 

Romulus 

North  Carolbia: 

Chapel  Hm 

Highlands 

Lenoir 

Lumberton 

Mount  A^... 

Newbem 

Salisbury 

Southport 

WaynesviUe... 

Weldon 


Saunders.... 

Oage 

Furnas , 

Custer 

Butler 

Dawes 

Dawson 

Cedar 

Sheridan... 

Chase 

Cheyenne.. 
Lincoln .... 

Douglas 

Otoe 

Cherry 


Onnsby 

Elko 

White  Pine. 

Washoe 

Esmeralda.. 

Nye 

Washoe 

Elko 

Humboldt., 

Cheshire.... 

Orafton 

Hlllsboro. . . 
Rockingham 
Orafton.. 


Athmtio 

Cumberland 

Passaic 

Somerset — 

Dona  Ana... 

BemalOlo... 

Eddy 

Luna 

Sierra 


Mora 

San  Juan. . . 
San  Miguel.. 
Valencia 


1,120 
1,235 
2,147 
2,556 
1,610 
3,7«4 
2,657 
1,309 
3,821 
3,278 
3,820 
2,821 
1,103 
1,069 
2,598 

4,790 
5,432 
6,421 
5,200 
6,500 
6,990 
4,500 
5,823 
4,291 

1,120 
1,470 


126 
500 

16 
30 
719 
60 

3,863 

5,000 
3,120 
4,333 
4,265 

6,835 
4,300 
6,384 
4,900 


Chaves 3,578 

Socorro 4,454 

Santa  Fe....  7,013 

Collax 5,857 


1,000 
1,340 
300 
875 
824 
1,250 
349 


Steuben.... 
Allegany... 

Niagara 

Broome 

Erie 

Otsego 

Warren 

Fulton 

Tompkins.. 

Otsego 

Oswego 

Chenango.. 
Schuyler... 

Monroe 

Seneca 


Orange.. 


Caldwell... 
Robeson... 

Surry 

Craven 

Rowan 

Brunswick. 
Haywood.. 
Halifax.... 


1,234 
335 
938 

1,038 
523 
719 

500 

3,800 

1,186 

102 

1,048 

12 

760 

18 

2,792 

81 


22 
24 
22 
21 
27 
21 
21 
22 
28 
22 
19 
41 
43 
25 
26 

28 
20 
22 
27 
20 
22 
28 
19 
36 

22 
22 

22 
26 
27 

40 
22 
22 
22 

23 

21 
19 
22 
19 

20 
20 
22 
22 

21 
20 
40 
20 

21 
21 
26 
25 
24 
24 
21 
23 
36 
23 
23 
24 
25 
23 
25 

30 
26 
40 
20 
24 
24 
22 
20 
31 
27 


April,  23.8- 
At     i  25.4.. 


1.9. 

;.7... 

27.8.. 
ll.l.. 
L8. . , 
i.7... 
12.4.. 
kO. 


Mi.v,  15.6.. 
MjjV.  J.l... 
Ai-Ul.15.4.. 
Aj-riJ.23.6.. 


May,  20.2. 
May,  30.9.. 
June,  10.4. 
May,  30.1. 
June,  12.6. 
June,  8.5.. 
May,  13.5.. 
May.  30.8. 
May,  16.6.. 


May,  22.1. 
May.  19.8. 
May,  17.8. 
May,  31.1.. 
May,  22.5. 


April,  12.6... 
April,  21.6... 
May,  10.4... 
May,  5.2.... 

Aprfl,11.2... 

AprU,  15.8... 
March,  28.8.. 
March,  23.1. 
AprU,  5.6.... 

r,  15.6. . . 

,6.7 

4.9.... 
14.2... 


Aprfl.9.0.. 
AprU,  6.6.. 
April,  24.1., 
May,  11.8. . 


May, 
May, 
May. 

April, 


Miiv.  10.  n.. 
M[i"v,-2fj>^,. 

Ml:V.   to... 

MidV.  ;.o.,. 

AprlJ.:]0.fi.. 
Mav,  irf.n... 
Mav,  .V9.... 
MftV.  10  I,. 

Mu..v,  n..s. .. 

Mn\\  24  tl.. 
April,  2*5.0. 
May,  11. R,. 
Muy,  IR2,. 
April,  2SA.. 
MS>%6.S_. 


Aprfl.6.5.... 
April,  36.6... 
April.  16.5... 
March,  80.9.. 
April,  21.0... 
April,  3.6.... 
April,  10.5... 
March,  22.9.. 
April,  25.5... 
Aprfl,13.8... 


11.2 
13.0 

n.o 

11.1 
15.6 
1L3 
11.4 

lao 

8.7 
11.8 
9.8 
9.9 
12.0 
12.8 
13.6 

16.3 
16.6 
18.6 
30.5 
17.0 
21.9 
17.1 
24.6 
15.6 

12.1 
15.9 
10.9 
IS.  7 

n.o 

9.5 
16.8 

9.5 
11.5 

16.5 

8.1 
16.5 
13.9 
16.4 

15.2 
12.6 
10.0 
14.6 

12.5 
12.8 
10.1 
16.7 

14.9 
17.8 
12.5 
14.1 
13.1 
12.4 
11.9 
12.7 
13.0 
12.0 
14.5 
10.8 
13.0 
13.1 
12.9 

18.0 
18.4 
11.6 
12.7 
13.4 
13.0 
12.1 
16.8 
11.2 
18.0 


October,  10.9 

October,  9.7 

October,  7.4 

September,  23.8.. 

October,  8.0 

September,  19.3.. 
September,  27.3.. 

October,  2.8 

September,  19.4 . . 
September,  29.0.. 
September,  19.6.. 
September,  29.6.. 

October,  12.2 

October,  8.3 

September,  30.3., 

September,  21.1 . . 
September.  8.6... 
September,  11.0.. 
September  36.3... 
September,  16.9. 
September.  6.4.. 

October,  3.0 

September,  17.3. 
September,  34.6.. 

September,  36.5. 
September,  17.9. 
September,  36.0. 
September,  38.5. 
September,  34.6. 

November,  3.0. . 
October,  31.9.... 
September,  36.3. 
October,  8.1 


October,  3341.... 

October,  33.8.... 
October,  30.3.... 
October,  30.6.... 
October.  31.4.... 


October.  5.6... 
October,  6.0. . . 
October,  4.9.. 
October,  18.6. 


October,  25.9 

October,  24.4 

October,  19.6 

September,  30.4. 

October,  5.4 

September,  23.6. 

October,  13.6 

October,  25.0 

October,  18.2.... 
September,  29.3. 

October,  1.8 

September,  25.6. 

October,  10.7 

September.  22.6. 

October,  21.0 

September,  26.8. 
September.  36.8. 
October,  16.8.... 
October,  10.4.... 


October,  38.7.... 
October,  11.9.... 

October,  18.8 

November,  3.3. . 
October,  16.7.... 
November,  5.4.. 
October,  34.6.... 
November,  11.6. 
October,  12.1.... 
October,  35.8.... 


13.1 
11.6 
11.0 
12.0 
14.0 
11.5 
11.2 
13.0 
10.4 
11.9 
10.9 
11.0 
13.6 
12.2 
11.8 

18.6 
15.0 
11.9 
16.8 
13.3 
20.3 
13.3 
31.4 
13.8 

U.6 

ia9 

11.6 
11.7 
8.4 

10.6 

13.3 

8.8 

9.4 

9.0 

13.9 
9.8 
13.5 
13.3 

11.6 
9.5 
10.5 
11.8 

8.8 
13.6 
10.6 
13.0 

18.8 
14.6 
10.3 
11.9 
U.8 
11.9 
13.7 
9.6 
10.8 
13.1 
10.1 
12.2 
13.7 
11.7 
13.4 

11.9 
13.6 
10.7 

n.7 

9.3 
13.5 
10.7 

9.7 
11.4 

9.7 
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station. 


North  Dakota: 

Bismarck 

Bottineau 

Buford 

Dickinson 

Forman 

Garrison 

Jamestown... 

Larimore 

IfcKlnney... 

Kedora 

Mint© 

Nap(rfeon 

New  England 

Pembina 

Power 

Steele 

University... 

Wahpeton 

Wllllston 

WlUowCity.. 
Ohio: 

Bellefoataine... 

Cambridge. . 

Frankfort... 

Oranville. . . . 

Jacksonboro. 

KlUbiick.... 

Marietta 

Medina 

Montpelier 

New  Alexandria 

Ottawa 

Plattsburg.. 

Portsmouth 

Warren 

^  ickery 

Oklahoma: 

Arapaho 

FortSlll 

Healdton.... 

Jefferson 


Okl 

StiUwater. . . . 
Oregon: 

Albany 

Ashland 

Baker 

Bums 

Cascade 

CorvalUs 

Eola 

Eugene 

Forest  Grove. 

Gardiner 

Glenora 

Grants  Pass.. 

Heppner 

Hood  River 

Jacksonville, 


Joseph. 
Laorf 


irande 

McMinnviUe.... 
Miramonte 

Farm. 
Mount  Angel... 

Newport 

Penaleton 

Roseburg 

Salem 

Silver  Lake 

Sparta 

The  Dalles 

Toledo 

Vale 

Weston 

Williams    


County. 


Burleigh. 

BottiivBau... 

WUliams. 

Stark.... 

Sargent. . 

McLean.. 

Stutsman 

Grand  Forks 

Renville. 

Billings.. 

Walsh... 


Hettinger 
Pembina. 
Richland . . . 
Kidder. . 
Grand  Forks 
Richland... 
Williams. 
Bottineau... 


Logan 

Guernsey... 

Roes 

Licking 

Butler 

Holmes 

Washington. 

Medina 

waiiams.... 

Jefferson 

Putnam 

Clark 

Scioto 

Trumbull... 
Sandusky. . . 


Custer 

Comandie.. 

Carter 

Grant 

Greer 

Oklahoma. 
Payne 


Linn 

Jackson 

Baker 

Harney 

Hood  River. 

Benton 

Polk 

Lane 

Washington 

Douglas 

Tillamook.. 
Josephhie... 

Morrow 

Hood  River. 

Jackson 

Wallowa.... 

Union 

Yamhill. . . . 
Clackamas.. 


Marian... 
Lincoln.. 
Umatilla. 


Douglas.. 
Marian... 

Lake 

Baker 

Wasco 

Lincoln 

Malheur. . . 
Umatilla... 
Joscphhie.. 


I,e74 
1,038 
1,944 
2,M3 
1,249 
1,901 
1,390 
1,134 
1,640 
2,225 

820 
1,955 
2,400 

789 
1,020 
1,857 

830 

962 
1,872 
1,471 

1,276 
803 
745 
960 
975 

1,087 
627 
944 
880 

1,050 
720 

1,130 
627 
900 
588 

1,675 
1,150 
900 
1,062 
1,685 
1,247 


212 

1,940 

3,471 

4,157 

100 

266 

670 

436 

220 

82 

676 

956 

1,960 

300 

1,640 

4,400  ! 

2,784 

154 

106  I 

485  : 

691 

1,070  ! 

510 

120  ' 
4,700  1 
4,150 

112 

75 

2,242 

1,800 

1,368 


Years. 


20l 

22  I 

21 

21 

18 

23 

26 

20 

32 

24 

20 

23 

22 

21 

22 

21 
22 
21 
26 
22 
21 
31 
20 
22 
27 
20 
22 
26 
21 
22 

21 
15 
21 
17 
21 
24 
21 

24 
26 
25 
20 
22 
25 
19 
21 
23 
20 
22 
22 
23 
26 
26 
22 
20 
26 
23 

22 
22 
25 
87 
22 
22 
20 
39 
24 
21 
25 
22 


May,  11.1. 
May,  19.9. 
M^y,  12.3. 
May,  24.8. 
May,  22.3. 
May,  13.8. 
May,  18.3. 
May,  23.0. 
May,  28.2. 
May,  20.0. 
May,  26.7. 
May,  27.1. 
May,  19.0. 
May,  26.2. 
May,  24.6. 
May,  23.0. 
May,  18.2. 
May,  18.0. 
May,  16.2. 
May,  16.9. 


Min- 
M^iv 
A|.r 
Ai-rJ 
Att 
M-LV 
Ainri 
Miv 
Mi^V 
Aim-. 
Mnv 
Mi-.'.- 
Ajiri 
Mny 
Mav 


i. . . 
i... 

I/J3.0. 
I ,  ^.0. 

i.-J... 
I,  1S.7. 
3. 


,2  I)... 

;j.:i0.5. 

,  .1.^..- 
.  ■^■J... 
I,  s«.8. 

IL3.. 

s.l... 


April,  7.6... 
March,  28.2. 
April,  4.3... 
April,  12.0.. 
March,  24.3. 


April,  1.6. 
M!arch,30. 


.3 


ia2 
9.9 
12.4 
13.9 
17.2 
12.3 
12.0 
8.9 
12.1 
12.5 
11.5 
13.1 
10.1 
14.1 
14.6 
14.1 
13.8 
12.4 

n.8 

12.9 

14.8 
13.7 
14.9 
13.1 
9.1 
16.0 
13.1 
16.6 
12.9 
14.0 
11.7 
15.4 
12.5 
13.3 
14.5 

14.9 
15.6 
15.7 
15.4 
13.2 
16.8 
16.6 


September,  19.2.. 

September,  941... 
I  September,  28.2. . 
I  September,  10.3.. 
I  September, 20.0.. 

September,  23. 2.. 

September,  17.9.. 

September,  18.6.. 
!  September, 5.3... 
I  September,  10.9.. 

September,  16.7. . 
I  September, 9.1... 

September,  9.9... 
■  September,  11.1.. 

September,  19.6.. 

September.  12.0.. 
I  September,  20.1 . . 
'  September,  18.2.  .- 
I  September,  21.5.. 

September,  13.0.. 


October,  8.2.. 
October,  2.0. . 
October,  12.0. 
October,  8.3.. 
October,  17.2. 
October,  6.4.. 
October,  21.9. 
October,  9.2. . , 
October,  6.5.- 
October,  11.2- 
October,7.0.., 
October,  5.9.., 
October,  21.0. , 
October,  5.7.. 
October,  9.5.. 


October,  28.6... 
November,  7.4. 
October,  29.7... 
October,  24.5... 
November,  3.6. 

Nor.  1.0 

October,  29.6... 


Miir.-'ti,  Hl.O 21.7 

Aprils  lrt.8 19.0 

May,  IM.0 2L1 

May,  2.S.5 22.4 

April, j^.4 19.0 

April,  2;i.5 13.8 

March,  U.7 25.6 

ApHUlt.l 18.3 

ApriJ,:^).7 13.0 

Ifefi^ti, 2*5.4 80.1 

Mdv,  la.l 22.7 

Mliv,  Ia.3 17.6 

April.  *:'.3 14.2 

April,  1.-5  8 14.4 

April,  17.8 12.5 

W&y,  12.n 16.1 

April, l^A9 14.7 

Ax.r[L?x8 16.1 

April,  ::a 18.9 

April,  1.7 18.9  '  November,  3.6 

March,24.7 20.3  1  November, 29.8. .. . 


October,  30.5 

October,  21.3.... 
September,  26.0. 
September,  16.2. 
November.  11.9.. 
October,  16.6..-. 
November,  10.4.. 
November.  2.8.., 
October,  16.5.... 
November,  29.6.. 

October,  2.8 

October,1.5 

October,  12.9 

October,  22.7 

October,  29.7 

October,  5.6 

October,6.4 

October,  11. 7 

October,  31.7 


May,5.8 19.7 

AprlJ,14.8 19.7 

April,7.0 18.4 

June  17.0 18.9 

May,3.4 1  22,0 

April,  13.2 13.1 

April,  19.5 16.1 

iray,20.1 18.4 

May,  L3 18.8 

May,  10.4 17.2 


October,  2.2 

November,  12.1 

November,  1.0 

September,  1.9 

October,  14.6 

October,  23.3 

November  4.2 

September,  11.7 

October,  6.1 

September,  24.2 


ILl 
19.1 

las 

17.7 
17.8 
12.4 
12.4 
13.7 
14.6 
13.6 
10.3 
1Z2 

8.8 
12.0 
12.8 
12.1 
12.8 
14.1 
13.8 

8.6 

n.7 

12.5 
10.8 
12.2 
13.0 
11.4 
10.6 
12.2 
13.0 
9.8 
14.7 

n.3 

13.2 
11.4 
14.0 

9.7 
8.8 
8.8 
13.4 
9.6 
ILO 
12.8 

20.3 
18.0 
13.2 
19.0 
16.1 
16.8 
14.6 
21.2 
19.1 
19.9 
20.2 
15.9 
16.8 
18.7 
17.0 
18.2 
18.6 
21.9 
20.0 

23.0 
19.6 
15.6 
19.9 
20.6 
11.0 
16.1 
12.6 
17.0 
13.6 
16.6 
17.8 
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station. 


Ck)anty. 


Pennirvlvaiiia: 

CoatesvlUe. 

Emporium 

Huntingdon 

Johnstown 

Lebanon 

Lewlsburg 

Lock  Haven 

Hauch  Chunk.. 

Quakertown 

Saegerstown... 

Towanda 

UnJontown 

Wellflboro 

Westchester.. 
Rhode  Island: 

Kingston 

Providence 

South  Carolina: 

Ferguson  & 
Trtal. 

Georgetown... 

Little  Mountain 

Society  Hfll.... 

Spartanburg — 

Trenton 

South  Dakota: 

Aberdeen 

Alexandria 

Brookings 

Canton 

Clark 

DeSmet 

Faulkton 

Flandreau 

Foreetburg 

Greenwood 

Hlghmore 

Howard 

Huron 

Kimball 

Milbank 

MeUette 

Mitchell 

Oelrlchs 

Pierre 

Rapid  City 

Rosebud 

Sioux  Falls 

Spearfish 

Tyndall 

Vermilion 

Watertown 

Went  worth 

Yankton 

Tennessee: 

ClarksvlUe 

Florence 

Hohenwald 

Knoxville 

Memphis 

Rogersvllle 

Rugby... 

Savannah 

Teicas: 

Abflene 

Amarillo 

Balllnger 

Brownwood 

Childress 

Colorado 

Corsicana 

El  Paso 

Port  Clark 

Fort  Stockton.. 

Gainesville 

Haskell 

Huntsvflle 


Chester 

Cameron.... 
Huntingdon. 

Cambria 

Lebanon 

T'nlon 

Clinton 

Carbon 

Bucks 

Crawford — 

Bradford 

Fayette. 

Tioga 

Chester 


Washington. 
Providence.. 

Berkeley.... 

QeoTKOtown. 
Newberry. . . 
Darlington.. 
Spartanburg 
Edgefield... 


Brown 

Hanson 

Brookings.. 

Lincoln 

Clark 

King 


Moody 

Sanborn 

Charles  Mix. 

Hyde 

Mmer 

Beadle 

Brule 

Grant 

Spink 

Davison 

Fall  River.. 

Hughes 

Pennington. 

Todd 

Minnehaha.. 
Lawrence... 
Bonhomme. 

Clav 

Codington.. 

Lake. 

Yankton.... 

Montgomery 
Rutherford.. 

Lewis 

Knox 

Shelby 

Hawkins. . . . 

Morgan 

Hardin 


Taylor 

Potter 

Runnels..... 

Brown 

Childress. . . . 

Mitchell 

Navarro 

El  Paso 

Kinney 

Pecos 

Cooke 

Baskell 

Walker.... 


H. 


380 

1,060 

660 

1,148 

458 

450 

580 

634 

528 

1,116 

754 

1,327 
455 

250 
182 


12 
711 
192 
875 
620 

1,300 
1,352 
1,636 
1,248 
1,789 
1,726 
1,595 
1,565 
1,231 


1,890 
1,564 
1,306 
1,788 
1,148 
1,300 
1,312 
3,339 
1,572 
3,234 
2,600 
1,400 
3,647 
1,418 
1,222 
1,735 


1,233 

500 

660 

983 

1,028 

347 

1,150 

1,410 

442 

1,738 
3,676 
1,637 
1,342 
1,869 
2,066 

445 
3,762 
1,060 
3,050 

738 
1,553 

400 


Years. 


April,  ao.l 

llfty,  131.8. 

Mnv,  7.3 

Mav,2.6. 

April,  27.1, 

U^i,  lA 

Apri],  ms.. 

April,  30  4 

ApriJ,  »,&.,, 

MftT,  SLO 

M:>v,:jt,9_ 

Aj^ril,  ai.4 

Mnv,  t6.1 

Aj.fil,  ITp.l 

April,  28.2. 

April,  21.6 

March,  25.3 

March,  10.4 

March,  24.9 

March,  19.7 

March,  30.2 

March,  18.5. 

May,  le.U 

Mav.  UA 

MTki',  r^s 

M-v-i,  s>.. 

Miu,  1x7.. 

M:iV.  12.-7 

Uiiv,  n.i> 

Mivs  \i9 

Mul,  i.^.ii 

April  :^"> 

Wr..  r."i 

MV-,  ]:,7 

Miiv,  11.5 

Mas',  (i.r-     

Mfiv,  n.l      

Miw,  17.7.    

M-i"  .  in.!> 

M  

a        ::::::::: 

M4i^,.  \l:> 

M;n,l>  1 

M31V.7.1 

Mu^-,  7^i... 

Mi*v,  S.Li.. 

Mav,  2-2.6 

May,  li2. 

May,2,8 

Aprri,4.7 

April.  4.4 

Aprn,l3.S. 

April.  3.7, 

M^irctai.*. 

April,  16.5. 

April,  22.8 

April,  2A. 

March,  21.5. 

AprU.  16.6 

March,  27.2. 

March,  24.8. 

AprU,  3.9 

Aj)ril.5.4 

March,  15.8. 

March,  10.6 

February,  26.8 

March,  Jfo.6 

March,  26.7 

March,  29.4 

March,  6.6 


9.5 
n.9 
16.0 
15.0 
14.0 
15.1 
14.0 
12.9 
14.1 
15.2 

n.4 

15.4 
1&6 

ia2 

9.0 
9.1 

14.4 

15.6 
12L6 
12.8 

ia9 

13.1 

12.5 
13.2 
13.4 
15.5 
15.4 
13.3 

n.9 

14.5 
13.9 

ia6 
ia8 

13.7 
13.1 
10.1 
12.7 
14.9 
1L5 
8.7 
8.3 
9.7 
U.5 
10.3 
15.5 
15.0 
10.5 
13.5 
17.0 

n.2 
ia6 

8.7 
10.6 
10.7 
14.3 
10.4 
1L4 
13.0 

13.9 
13.2 
15.2 
18.5 
18.6 
15.3 
16.1 
15.9 
18.6 
18.6 
15.2 
13.6 
15.6 


A*. 


Ootohw,  15.9.... 
OctotM^r,  S.5 

Oct  01x^,^.6 

Octrtli^r,  J  1.7.... 
Oftal.fr,  n.6 

OftalifT,  11.7 

OfliH'tr,  irO 

Ottnl.or,  ^.2 

Sef'tiTcihof,  26.1. 

OctrisK-T,  4.9 

OcinJifT,  [S.7.... 
Sept<*TriUt-'!-,25.9. 
Ocinl.t^r,  '_M.4 


October,  13.1. 
October,  17.1. 


November,  5.8. . 

November,  20.1. 
November,  11.0. 
November,  9.0. . 
November,  1.8. . 
November,  15.0. 

Septfliiihflf,  20.1. 
Septem^ior,  ^.3. 
8ept>>Ttil.fr.  21.1. 
OcUA'vr,  l.:-\  .... 
Sfptcfja^r,  -'5.6. 
8el^Tl■Trl1.f^^,  L1.8. 
Sei>tt'riilier.  25.2. 
SeiitPiiiN^r,  21.6. 
Sei^ttnniH^r.  22.1. 

OfinE.tT,  :^/p 

S*t-h.Mi|i-or.  28.0. 
S«i.t.-:i,l.pi.  18.1. 
Ser-toTTiiNi!-,  JU9. 

Oclolc^r.  15 

SijiToTni.er,  27.2. 
8ef4i'TriVirr,  22.5. 

OcEohff,  L2 

8e]itorii'.Ar,  T8.3. 

Octntifr,  *k2 

8eiitfmi.(^r,  27.8. 
8e|.iU^Ti[t.tir,  26.4. 
SepTfiijiu^r,  1^7.1. 
SeM'Tii!  IT,  28.9. 
&  6.4. 

Oi 

8e  .0.4. 
Septonibijr,  26.4. 
Oetflber,  5.5 


October,  25.0. . . 
October,  23.7... 
October,  13.1... 
October,  26.4. . . 
November.  1.6. 
October,  18.8. . . 
October,  12.5... 
October,  24.6... 


November,  10.0. 
October,  28.5.... 
November,  6.4.. 
November,  7.6. . 
November,  6.4 .. 
November,  6.6. . 
November,  13.1 . 
November,  16.9. 
November,  25.4. 
November,  6.9. . 
November,  6.5. . 
November,  11.6. 
November,  22.3. 


10.3 
11.8 
12.9 

la? 
lai 

&9 
U.6 

9.7 

ia4 
ia9 

11.8 
10.1 

n.8 

10.2 

11.9 
13.5 

n.6 

12.3 

n.o 

10.9 

n.8 

14.9 

13.6 
14.3 
13.1 
12.9 

n.7 

12.6 

n.i 

11.6 
12.7 

n.7 
n.8 

14.6 
12.7 
10.5 
ILl 
14.0 
12.2 
14.6 
13.1 

ia5 

12.9 
13.2 
12.0 
17.0 
13.2 

las 

11.4 
13.0 

9.6 
10.6 
12.6 
12.7 
12.8 

ia4 

12.1 
10.0 

12L4 
10.8 
13.7 
11.2 

n.7 

14.1 
ILl 
11.0 
14.0 
12.6 
9.9 
7.7 
12.9 
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Table  2. — Frost  data  for  selected  stations — CJontlnued. 


Statkm. 


Texas— Continued. 

Llano 

Longvlew 

Mount  Blanco.. 

New  Braunfela. 

Paris 

Temple 

Weatherford — 
Utah: 

Cormne 

Deeerat 

Fillmore 

Heber 

Levan 

Loa 

Logan 

lianU 

Moeb 

Parowan 

Richfield 

St.  George 

Salt  Lake  aty.. 

Sdplo 

Vernal 

Vermont: 

Enosborg  Falls 

Jac!v8onTille 

Northfleld 

WeUs. 

Woodstock 

Virginia: 

Big  Stone  Gap., 

Blrasnest. 


County. 


Crosi 

Ccmi 

Lamar. 

BeU.... 

Parker. 


Boxelder.... 

Killard 

do 

Wasatch.... 

Juab 

Wa: 


Wayne. 
Cache... 


Blacksburg 

DaleF.nterprise. 

Fort  Monroe.. . . 

FredericVsbui^. 

Hot  Springs 

Lvnchburg 

Marion 

Norfolk 

Petersburg 

Staunton 

Warsaw 

Washington: 

Aberdeen.. 

Bellingham 

CentnOia 

Colfax 

Cllensburg 

Lakeside 

Moxee 

Olga 

Olympla 

Pomeroy 

Port  Crescent... 

Pullman 

Rosalia 

Seattle 

Snohomish 

Spokane 

Smmvside 

Walla  Walla.... 

WatervlUe 

West  Vkfiiiia: 

Bucnbannon . . . 

Burlington 

Elkhom 

Glennville 

Grafton 

Martinsburg.... 

Nuttallburg.... 

New  Martins- 
▼llle. 

Pofait  Pleasant., 


Sanpete. 

Grand 

Iron 

Sevier 

Washington. 
Salt  Lake... 

Millard: 

Uinta 


Franklin.... 
Whidham... 
Washington. 

Rutland 

Wtodsor.... 


Wise 

Northamp- 
ton. 

Montgomery 

Rocking- 
ham. 

Elisabeth 
City. 

Spot^lvania 

Bath. 

Campbell.. 

Smvthe 

Norfolk.... 

Dinwiddle. 

Augusta 

Richmond . . 


Chehalls..., 
Whatcom.., 

Lewis , 

Whitman.., 
Kittitas.... 

Chelan , 

YaMma.... 
San  Juan..., 
Thurston... 

Garfield 

Clallam 

Whitman... 
...do 


Snohomish. . 

Spokane 

Yakima... . 
WallaWalla. 
Douglas.... 


f^shur 

Mineral 

McDowell.., 

Gilmer 

Taylor , 

Berkeley... 

Fayette 

Wet7.ol 


Mason. 


Years. 


1,040 
336 

720 
602 
(00 
804 

4,240 
4,541 
6,100 
6.603 
6.010 
7.000 
4,607 
6,675 
4,000 
5.070 
6.360 
2.880 
4,360 
6,260 
6,060 

601 
1.000 
876 
750 
700 

1.640 
40 

2,170 
1.460 


100 

2.105 

681 

2,185 

01 

60 

1.380 

200 

162 

60 

212 

2,800 

1.671 

1,116 

1.000 

50 

46 

1.860 

250 

2.550 

2.425 

248 

55 

1,043 

740 

1,000 

2,624 


558 


March,  10.2.. 
March,12.4.. 
AprOA... 
March,  4.0... 
March,  18.0.. 
March,  10.2.. 
March,  23.7.. 


May,  16.6.... 

May,  28.0 

May,  22.4.... 
June,  20.6.... 
May,  20.6.... 
June,  10.7.... 

May,  14Jt 

May,  24.3.... 
April,  10.4.... 
May.  20.5.... 

June,  2.6 

April,  21.8.... 
April,  20.0.... 

Jtme,  17.6 

May,  16.2.... 


May,  15.0. 
May,  22.6. 
May,  22.6. 
May,  0.5. . 
May,  13.8. 


Ai)rll,24.4.. 
March,  20.8.. 


April,  28.6... 
April.  27.7... 

March,  21.0.. 

April,  10.0... 
May,  1.0.... 
April,  8.1.... 
April.  22.0... 
March  24.6.. 
AprU,0.7.... 
AprU,  18.0.., 
April,  13.1.. 


1,411 

21 

875 

21 

1.033 

23 

788 

24 

1,000 

23 

435 

24 

2,262 

20 

684 

23 

Apnl.at.s.^ 

Ann],  32.0 

Mav.  5J 

Miiv.  32.8 

M>u.  13.0 

Aj>Hl,fl.6 

MjiV.n.a 

ApHt,S.l 

April,  31.1 

April,  36.0. 

AT>ri]^3A., 

Msiv.  7.7 

Mrty,37a. 

Miirrh,  20.1 

A]>H1,  23^5 

April,  1J.1. 

Miiy  3.3 

March.  an.O 

Miiy,W.t 


Mav,  7.4. 

Miv.  1.^^,. 

April.  2 1.9 

24  i  AprfL29.L 

"     Miw,3.0 

April,  111. I 

May.a.ft... 

Apdl,  27.7 


28     April,  22.0 18.7 


2L2 
12L7 
14.2 

n.8 

18.1 
14.7 
10.6 

15.1 
14.8 
10.0 
14.0 
16.0 
14.0 
16.6 
10.1 
12.3 
13.0 
15.8 
17.0 
18.0 
14.0 
16.0 

12.3 
12.0 

n.2 

12.5 
16.3 

12.1 
11.5 

15.4 
12.0 

16.0 

13.1 
13.1 
13.2 
11.5 
13.8 
13.2 
10.2 
11.3 

17.5 
10.4 
10.6 
17.0 
13.3 
13.4 
16.1 
22.1 
10.7 
17.7 
16.8 
16.5 
26.6 
21.1 
22.6 
2L0 
16.2 
15.0 
16.1 

16.0 
15.0 
11.6 
11.6 
11.0 
11.2 
14.4 
14.2 


Noramber,  17.7. 
November.  16  JS. 
October,  20.6.... 
November,  25.8. 
November,  11.8. 
November,  17.0. 
November,  10.6. 

September  28.8.. 
September,  14.8. 
S^tember,  22.1. 

August.  30.7 

September,  20.4. 
September,  4.6.. 

October,  6.1 

September,  21.4 

October,  5.8 

September,  25.0... 
September,  16.1... 

October,  10.8 

October,  10.3 

September,  7.2 

September,  26.2... 

September,  18.5... 
September,  15.1... 
September,  16.4... 

October,  1.8 

September,  27.2... 

October,  14.5 

November,  18.0... 

October,  7.6 

October,  0.2 

November,  24.8 

October,  23.7 

October,  8.0 

October,  27.4 

October,  11.0 

November  16.6 

October,  25.4 

October,  16  7 

October,  24.4 

October,  27.» 

October,  10.1 

October,  13  Jt 

September,  16.1... 
September,  21.6... 

October,  20.8 

September,  21.0... 

November,  0.6 

October,  27.5 

October,  6.0 

October,  29.6 

October  4.1 

September,  23.2... 
November.  22.6... 

October,  20.4 

October,  12.5 

October,  5.8 

November,  7.7 

September,  20.8... 

October,  3.7 

October,  3.8 

October,  12.5 

October,  12.5 

October,  0.0 

October,  17.2 

October,  11.1 

October,  15.8 

October,  15.0 


ia6 

lae 

8.7 
12.7 

8L7 
12.8 

&8 

14.4 

1L3 
12.6 

0.8 
18.8 
12.3 
U.1 
14.5 
14.0 
10.8 
12.7 
16.1 
13.4 

0.7 
11.3 

8.6 
12.6 
10.2 
U.6 
11.8 

11.3 
0.0 

14.8 
12.4 

14.9 

10.6 
10.0 
12.8 
11.1 
12.0 
12.8 
10.2 
0.6 

22.1 
10.0 
20.3 
14.0 
11.0 
12.8 
11.7 
24.7 
22.4 
25.5 
13.0 
14.0 
17.7 
15.4 
25.1 
17.3 
12.6 
16.0 
16.3 

8.0 
11.0 
11.6 
U.0 
10.0 
10.1 

ia7 

0.4 
10.6 
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Table  2. — Frost  data  for  selected  stations — Ck>ntiniied. 


Btatkm. 

County. 

H. 

Years. 

A.. 

».. 

A.. 

'». 

Wiaoonflin: 

Florence 

Qrantsburg 

Florence 

Burnett 

LaCroflse... 

Dane 

Manitowoc.. 

Clark 

Crawford.... 
Monroe 

Laramie 

Ooehen 

Albany 

Fremont .... 

1.283 
1.096 
586 
681 
974 
616 
996 
628 
930 

6.088 
4,472 
7.188 
5.367 
5,007 

21 
22 
28 
42 
37 
31 
22 
24 
22 

42 
20 
24 
21 
22 

Mav,m4 

Mivv,2tl.4 

8.8 
14.9 

n.4 

14.4 
9.7 
14.2 
13.2 
13.1 
14.1 

10.0 
11.1 
16.1 
16.1 
15.2 
8.4 
15.8 

September,  16.3.... 
September,  20.9.... 

October,  9.2 

October,  11.9 

October,  17.8 

October,  13.8 

September,  24.2.... 

October,  11.6 

September,  19.5.... 

September,  17.2.... 
September,  18.4.... 

September,  10.8 

September,  11.0 

September,  14.7.... 
September,  17.0.... 
September,  13.8.... 

12.3 
9.0 

Qreen  Bay 

La  Crone 

M:i>.^5 

Ai  rii,  26.1 

12.3 
9.8 

Madiaon 

Arull,  ^l,^ 

10.7 

Manitowoc 

XeillsviUe 

Miv,:,fl 

Miv.  17^ 

10.9 
12.5 

PndrieduChien. 

AprlJ   37.2 

1L6 

Valley  Junction. 
Wyoming: 

Chevenne 

Fori  Laramie... 

U:iy,  133 

Mav,20J 

17.8 
11.3 

Ufiy'  i«  n   ,    . 

1L2 

Laramie 

May,30.2 

10.8 

Lander 

May!  23.5 

11.9 

T^nffk 

Niobrara.... 

Sy  S;i;;;..: ; :: 

2&0 

Sheridan 

Sheridan.... 

4.000  1        19 
6.200          13 

vtt^y,  i».9'7 

7.7 

Yellowstone 

May,  24.1... 

17  1 

Park. 

Explanation  of  symbols: 
H  \a  elevation  above  i 


I  level. 


A«  \a  the  arithmetical  average  of  the  dates  of  the  last  Idlling  trout  in  each  year  of  record, 
r  ■  is  the  standard  deviation  of  the  date  of  last  kilUng  trostln  spring. 
As  is  the  arithmetical  average  of  the  datee  of  the  first  killins  froet  in  each  year  of  record. 
r»  is  the  standard  deviation  of  the  date  of  first  killing  IhMt  in  fall. 

Table  3. — Factors  for  determining  the  chance  of  kUtmg  frost. 


Killing  frost  will  occur  on  the  average  In— 


In  spring  after. 


In  Call  before. 


1  year  in  2 

lyearlnS 

1  year  in  4 

lyearin5 

1  year  in  10.... 
1  year  in  15..., 
Iyearfai20..., 
1  year  in  25.... 
lyearfaiSO.... 
lyearinSO... 
1  year  fai  100.. 
1  year  in  1,000. 


A. 

Aa+a43l9« 
A.+  .674v. 
A.+  .842r. 
A.+L282r. 
A.+L601a. 
A«+L6464r. 
A«+1.751<r. 
A.+  L834<r. 
A«+2.064<r. 
A.+2.326  4r, 
A«+3.0Q0v. 


A. 

i-- 

A.- 
A.- 
A.- 
A.- 
A.- 

i:: 

A.- 
A.- 


0.431  v» 
.674r» 
.842<r» 
1.282  <r. 
1.501 4r» 
L645v» 
LTSlir, 
L834  4r. 
2.054<r» 
2.326<7» 
3.090<r. 


When  Am  is  the  average  date  of  last  killing  frost  in  spring  and  A*  is  the  average 
date  of  first  killing  frost  in  fall  and  «,  i>  the  standard  deviation  of  the  last  killing  front 
in  spring  and  c*  the  standard  deviation  of  the  first  killing  frost  in  falL^ 

To  determine  the  length  of  time  after  (or  before)  the  average  date  when 
the  last  (or  first)  frost  Is  likely  to  occur  In  a  given  number  of  years  it  is 
necessary  to  multiply  the  standard  deviation  by  a  given  factor  as  shown  by 
Table  3.  For  example,  if  the  standard  deviation  is  multiplied  by  1.28  and  the 
product  added  to  the  average  date  of  last  killing  frost  in  spring,  a  date  is 
obtained  after  which  the  last  killing  frost  In  spring  will  occur  on  the  average 
1  year  out  of  every  10;  or  for  fall,  before  which  the  first  killing  frost  will 
occur  In  1  year  In  10  when  the  product  of  1.28  times  the  standard  deviation 
is  subtracted  from  the  average  date.  An  example  of  the  method  by  which 
these  dates  are  obtained  is  shown  In  Table  4,  which  Is  the  record  for  Bismarck, 
N.  Dak.  Other  factors  as  shown  In  Table  3  are  used  for  other  probabilities. 
A  curve  prepared  by  W.  J.  Splllman  makes  It  possible  to  determine  similar 
relations  for  any  number  of  years  for  from  1  In  2  to  1  In  200.' 

^When  some  yean  are  frost  free,  the  date  after  (or  before)  which  there  is  less  than 
one  chance  of  frost  in  two  (or  any  other  number)  may  be  determined  from  the  Splllman 
cnrve.  See  Splllman,  W.  J.,  Tolley,  H.  B.,  and  Beed,  W.  G. :  The  average  Interval  cnrve 
and  Its  application  to  meteorological  phenomena,  U.  S.  Monthly  Weather  Review,  44  :  197- 
300.  Washington,  1916. 

*  Splllman,  W.  J.,  Tolley,  H.  B.,  and  Beed,  W.  O. :  The  average  Interval  curve  and  Its 
application  to  meteorological  phenomena.  [U.  S.]  Monthly  Weather  Review,  44: 107-200, 
Washington,  1916. 
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Table  4. — Frost   data   and   computations   of  frost   probability   for    BUnmarrt 
(Burleigh  County),  N.  Dak. 


Year. 


1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884.. 
1886.. 
1886.. 
1887.. 


1890. 
1891. 
1892. 
1893. 
18W. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 
1907. 
1906.. 
1900.. 
1910.. 
1911., 
1912.. 
1913.. 
1914.. 


Last  killing  frost  in  First  kilUnc  frvwt  In 


Dat^       d. 


40year8 May  12    -36     4,226    Sept.  19    +10 


May 
May 
May 
May 

May 
Apr. 
M^y 

May 
May 
May 
May 
May 
May 
June 
May 
May 
May 
May 
May 
May 
May 
Apr. 
May 
May 
May 
May 
June 
Apr. 
Mky 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 


3 

5 

3 
15 

6 
29 

2 
23 
11 

it! 
V, 

4  I 
27  I 
3  I 

7 
29 

5 
14 
12 
27 
14 

2 
13 
17 

3 
13 

6 
13 


-  9 

-  7 

-  9 
+  3 

-  6 
-13 
-10 
+11 

-  1 
-11 

-  3 
-10 
+  5 
+25 
+  2 
+  3 

-  7 

-  8 
+  16 

-  9 
+  9 
-18 
+  19 

-  8 
+  1 

-  8 
+26 
-13 

-  7 
+  2 

0 
+  15 
+  2 
-10 
+  1 
+  6 

-  9 
+  1 

-  6 
+  1 


81 

49 

81 

9 

36 

1G9 

100 

121 

1 

121 

9 

100 

25 

625 

4 

9 

49 

64 

225 

81 

81 

324 

361 

64 

1 

64 

676 

169 

49 

4 

0 

225 

4 

100 

1 

25 

81 

1 


Sept.  19 
Sept.  ao 
Sept.  20 
Sept.  10 
Sept.  18 
Sept.  13 
Sept.  15 
Sept.  23 
Sept.  8 
Sept.  27 
Oct.  3 
Sept.  18 
Sept.  15 
Sept.  12 
Sept.  26 
Sept.  13 
Aug.  23 
Sept.  13 
Sept.  16 
Sept.  17 
Aug.  31 
Sept.  10 
Sept.  16 
Sept.  9 
Sept.  19 
Sept.  28 
Sept.  18 
Sept.  12 
Sept.  14 
Sept.  11 
Oct.  11 
Oct.  9 
Sept.  27 
Sept.  27 
Sept.  24 
Sept.  9 
Oct.  20 
Sept.  25 
Sept.  21 
Oct.  14 


0 

+  1 
+  1 

-  9 

-  1 

-  « 

-  4 
+  4 
-11 
+  8 
+  14 

-  1 

-  4 

-  7 
+  7 

-  6 
-27 

-  6 

-  3 

-  2 
-19 

-  9 

-  3 
-10 

0 
+  7 

-  1 

-  7 

-  5 

-  8 
+22 
+20 
+  8 
+  8 
+  5 
-10 
+31 
+  6 
+  2 
+26 


O 

1 
1 
81 
1 
36 
16 
IS 
121 
64 
106 
1 
16 
49 
49 
36 
739 
36 
9 
4 
361 
SI 
9 
lOD 
O 
49 
1 
49 
35 
64 
484 
409 
64 
64 
25 
100 
961 
36 
4 
625 

4,964 


Spring. 


w-40. 

i6-May  12.. 

Zd--36 

Zd«-4228..... 

il«-May  11. 1 

^10.2 

^^-±1.1.... 

E9^±0.S.,.. 
Ci- May  24.2. 


Definitioo  of  symbols. 


Ec-±1.6.... 
iV^May36. 


n  is  the  number  of  observations  (years  of  record) 

2ft  is  the  average  calender  date  of  last  killing  frost  in  spring* 

2fa  is  the  average  calendar  date  of  first  killing  frost  in  nUI* 

tf  is  the  departure  from  Jf. 

Stf  is  the  algebraic  sum  of  column  d 

Ztf>  is  the  algebraic  sum  of  column  d> 

A  is  the  theoretical  average  date.i-  M+  — 

e  is  the  standard  deviation.   a^^J^ZJMS* 

Ba  isthe  probable  error  of  the  averagedate.    EA^  ±0.674-7= 

£,  is  the  probable  error  of  the  standard  deviation.    E^,^  +0.674-^ 

Ct  is  the  date  after  which  killing  frost  will  occur  in  1  year  in  on  the  aver- 

ace  C;-il,+1.28«r,. 
Cb  Is  the  date  before  which  killing  frost  will  occur  in  1  year  in  10  on  the 

average  C;-il.-1.28<r,. 

^c  is  the  probable  error  of  C.    E^  -J  Ba*+  (1 .28  Eay» 

N$  is  the  calendar  date  after  which  killing  frost  will  occur  1  year  in  10* 
Na  is  the  calendar  date  before  which  killing  frost  will  occur  1  year  in  10*. 


FaU. 


11-40. 
ira-8ept.l9. 

2;*-+ia 

2ds-4964. 
il«-Sept.  19.2. 

^-11.1. 

J&r-±0.8. 
Ci- Sept  5.0. 

.Be- ±1.6 
JVii-iSept.5. 


*  The  calendar  date  M$  is  determhied  from  A  thy  increasing  the  date  one  whole  day  whenever  AtC 
a  fraction,  no  matter  how  small.    Nt  is  determined  in  a  similar  manner  from  C$.  N.^,^     . 

Ma  is  determined  from  ^la  by  dropping  any  fraction,  no  matter  how  large.    JVa  is  similarly  determined    ^*^a 
from  Ca. 
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For  any  place  In  the  United  States,  then,  which  has  a  record  covering  a 
I>eriod  of  approximately  20  years,  It  is  possible  to  determine  with  very  con- 
siderable accuracy  the  risk  of  a  killing  frost  after  -any  particular  date  in 
spring  or  before  any  particular  date  in  fall. 


Fio.  7.— Dates  of  last  Ulliiig  frost  in  spring,  1907,  in  Kansas. 

A^'EBA(]E   DATES   OV    LAST   KILONO   FB08T   IN    8PBIN0. 

In  order  that  a  proper  study  may  be  made  of  the  regional  distribution  of 
frost  condition,  it  is  desirable  to  map  as  far  as  possible  the  conditions  of 


Fio.  8.— Average  dates  of  last  Ulliiig  firost  in  sirring. 

frost  occurrence.  Figures  8  to  13  show  the  frost  conditions  as  far  as  Is  prac- 
ticable on  small-scale  maps  with  the  data  available.  Figure  8  Is  a  map  of  the 
average  date  of  last  killing  frost  In  spring  for  the  United  States  based  on 
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the  period  1895-1914.  In  the  eastern  United  States  Isochronal  lines  have  been 
drawn  for  the  1st,  11th,  and  2l8t  of  each  month  from  March  1  to  June  1. 
In  addition,  lines  showing  the  limit  of  annual  frost — that  Is,  the  line  separating 


Fio.  9.— A .  erage  date  of  first  kiUing  frost  in  fiOL 

the  regions  where  frost  occurs  at  least  once  In  each  year  from  those  In  wbldi 
one  or  more  winters  passed  with  no  record  of  killing  frost,  and  the  line  mark- 
ing the  regions  which  have  more  than  half  the  winters  without  killing  frost — 


Fio.  IOl— Avenge  length  of  the  season  (nnmber  of  days)  wlthoot  kflling  frost. 

have  beea  entered  on  the  map.  This  map  shows,  In  the  first  place,  that  with 
very  mlnw  exertions  the  ^i^ole  United  States  Is  subject  to  killing  frost  each 
year.    It  also  shows  clearly  the  large  area  of  the  United  States  which  is 
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ifubject  to  frost  after  June  1.     It  should  be  noted  that  the  Isochronal  lines 
on  these  maps  represent  the  dates  which  will  be  excee<led  on  the  average  In 


~125'         120^      l\^~    IIP'         I05'      10^ 


90'      es'      eo'       73'       70'       es' 


r^ 


Fio.  11.— Computed  dates  w)ien  the  chance  of  kUling  troet  lalla  to  1  In  10.    After  these  dates 
killing  fh)Bt  will  occur  only  10  years  in  a  century. 

one  year  out  of  two,  that  Is,  along  the  line  marked  June  1  one  year  out  of 
ev&ty  two  on  the  average  will  have  a  killing  frost  after  June  1.    A  striking 


li^^'ilo^      1!^'      nS^'^^^'i^^^'      so*"  "  M^'^S 


IPS'  loo' 


TO*       esf 


Fio.  12.— Computed  dates  when  the  chance  of  killing  frost  rises  to  1  in  10.    BeCore  these  dates 
killing  frost  will  occur  only  10  years  hi  a  century. 

feature  of  this  map  is  the  large  area  of  the  country  which  has  its  last  spring 
frost  rather  Inte  in  the  season. 
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In  the  western  purt  of  the  United  States — that  is,  west  of  the  front  ran^e 
of  the  Roclcy  Mountains — ^it  is  possible  to  draw  the  isochrones  only  for  the  1st 
of  each  month,  because  of  the  broken  topography  and  the  rapid  change  in 
frost  conditions  in  short  distances.    However,  it  has  been  possible  to  draw  these 
lines  with  one-month  intervals,  so  that  they  show  the  conditions  reasonably 
well.    A  great  portion  of  the  more  elevated  parts  of  the  country  are  subject 
to  late  spring  frosts.     Between  one-fourth  and  one-third  the  total  area    of 
the  United  States  is  probably  subject  to  June  frosts  in  half  the  years.      In 
the  western  portion  of  the  country,  except  in  favored  valleys  and  some  parts 
of  the  Southwest  late  frosts  are  the  rule.    In  the  eastern  part  of  the  United 
States  the  lines  of  killing  frost  dates  run  more  or  less  parallel  to  the  latitude 
line  showing  later  dates  with  increase<l  latitude  and  Increased  distance  away 
from  bodies  of  water.     The  topography  in  the  East  is  not  of  such  marked 
importance  as  the  toiK>f?raphy  In  the  West,  although  it  has  been  found  that 
even  the  lower  mountains  exert  a  very  considerable  Influence,     The  average 


Fro.  13.— Computed  length  of  available  growing  seascm  4  years  in  5. 


probable  error  of  the  average  dates  of  last  killing  frost  shown  by  tlie  map  is 
of  the  order  of  three  days,  that  is  about  one-third  the  interval  between  the 
isograms.  As  far  as  possible  the  lines  have  been  curved  to  include  all  stations 
and  in  most  cases  the  areas  between  the  lines  actually  represent  the  regions 
with  frost  dates  Indicated  by  the  limiting  lines. 

There  is  some  question  as  to  whether  absolutely  uniform  records  will  give 
smooth  lines  with  broad  curves  and  few  sharp  angles,  or  whether  even  the 
smoothest  topography  is  so  rough  that  local  air  currents  are  set  up  whicli  com- 
plicate the  conditions  so  that  smooth  lines  do  not  represent  the  actual  case. 
There  is,  of  course,  one  other  point  to  be  noted  about  the  isochronal  lines  of 
frost  occurrence,  and  that  is  that  these  lines  do  not  represent  anything  which 
actually  takes  place.  They  are  stathstical  lines  resulting  from  the  accidental 
distribution  of  many  conditions,  and  this  accidental  distribution  tends  to  smooth 
out  irregularities.  The  way  in  which  frost  actually  occurs  may  be  shown  by 
flgure  7,  which  is  a  map  of  the  conditions  in  Kansas  during  the  severe  spring 
frosts  in  1907.    The  last  killing  frost  in  the  spring  of  1007  in  eastern  Kansas 
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occurred  on  May  4.  The  area  in  which  this  occurred  is  limited  by  a  rather 
definite  line  which  is  shown  on  the  map.  The  last  killing  frost  in  a  strip  of 
varying  width  from  northeastern  to  south  central  Kansas  in  the  same  year 
occurred  on  May  15.  In  the  northeastern  half  of  the  State  the  last  killing 
frost  occurred  on  May  27.  There  was  no  gradation  between  these  areas.  The 
region  in  which  the  last  killing  frost  occurred  on  May  4  is  separated  from  that 
on  which  the  last  killing  frost  occurred  on  May  15  by  a  line,  and  the  same 
is  true  of  the  separation  between  this  region  and  that  where  the  last  killing 
frost  occurred  May  27. 

AVERAQB  DATES   OF  ITBST   KZLLJIVO  FBOST   IN    FALL. 

Figure  9  shows  the  average  date  of  first  killing  frost  in  falL  It  is  similar 
to  figure  8.  The  regions  which  are  not  subject  to  annual  frosts  are,  of  course, 
the  same  on  both  maps.  The  area  which  has  autumn  frost  before  S^tember  1 
is  similar  to  that  having  spring  frost  after  June  1,  although  there  are  minor 
differences.  Perhaps  the  most  striking  thing  about  the  two  maps  is  their  great 
similarity. 

AVEBAGB  SEASON  WITHOUT  BHIXJNO  FBOST. 

Figure  10  shows  the  average  number  of  days  between  the  last  killing  frost 
in  spring  and  the  first  killing  frost  in  fall.  This  has  sometimes  been  called  the 
"  growing  season,"  but  it  can  not  be  so  regarded  because  it  is  not  possible  in 
practice  to  make  use  of  the  whole  time,  owing  to  the  risk  involved  at  the 
beginning.  The  data  for  this  map  were  obtained  by  subtracting  the  average 
date  of  last  killing  frost  in  spring  from  that  of  first  killing  frost  in  fall  for  all 
the  stations  available.  Isograms  have  been  drawn  for  10-day  intervals  in  the 
eastern  United  States,  and  for  80-day  intervals  in  the  western  United  States. 
The  length  of  the  season  varies  from  865  days  at  Key  West  to  considerably 
less  than  90  days  in  the  extreme  northern  portion  of  the  United  States  and  in 
the  higher  mountain  regions  of  the  West  There  is,  of  course,  a  similarity 
between  this  map  and  the  maps  of  average  date  of  last  killing  frost  in  spring 
and  first  killing  frost  in  f alL 

A  striking  feature  of  this  map  is  the  large  area  of  the  United  States  in 
which  the  season  without  killing  frosts  is  90  days  or  less.  This  is  so  short 
that  ordinary  agriculture  is  largely  out  of  the  question,  and  only  hardy  grains 
and  grasses  can  be  cultivated  with  any  degree  of  assurance.  This,  of  course, 
does  not  mean  that  these  areas  are  waste,  because  in  very  many  cases  this 
is  the  region  in  which  the  most  important  forests  of  the  country  exist,  but 
these  regions  are  distinctly  outside  of  the  strictly  agricultural  area. 

DEVIATION   FBOM  THE  AVERAQE  DATES. 

Although  it  has  not  been  possible  to  show  by  a  map  the  deviation  from 
average  dates  which  will  occur  at  varying  intervals,  maps  have  been  prepared 
which  show  the  dates  beyond  which  frost  is  a  probability  ^  in  only  1  year  in 
10  on  the  average.  Figure  U  shows  the  date  after  which  the  last  killing  frost 
in  spring  will  occur  in  1  year  in  10.  This  has  been  determined  by  multi- 
plying the  standard  deviation  for  509  stations  by  the  factor  1.28,  as  shown  in 

1  The  writer  wishes  to  record  his  obUgation  to  Prof.  W.  J.  SpUlman,  Chief  of  the  Office 
of  Farm  Management,  U.  S.  Department  of  Agrlcnitnre,  for  the  original  suggestion  of 
this  method  for  determining  frost  probability  and  for  adTlce  and  assistance  at  all  stages 
of  the  stndy. 
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Table  3,  and  adding  the  product  to  the  average  date.  For  example,  the  date 
after  which  a  Icllling  frost  at  Bismarcli,  N.  Dak.,  in  1  year  in  10  on  the  average 
is  May  25/  This  date  has  been  entered  on  the  map  for  Bismarck  and 
similar  dates  have  been  entered  for  each  station  for  which  the  standard  devia- 
tion has  been  determined.  This  map,  otherwise,  is  similar  to  the  map  of 
average  date  of  last  killing  frost  except,  of  course,  that  the  number  of  stations 
used  is  much  smaller.  Figure  12  is  similar  to  figure  11;  it  shoves  the  date 
before  which  the  first  killing  frost  in  fall  will  occur  1  year  in  10. 

FBOBABLB  LENGTH  OF  THE  SEASON   WirHOUT  KHJJNQ  FB08T. 

Figure  13  shows  the  probable  length  of  the  season  without  killing  frost  in 
four  years  in  five.  This  has  been  determined  by  obtaining  the  difference 
between  the  date  shown  by  figure  11  and  that  shown  by  figure.  12.  Strictly 
speaking,  this  map  shows  the  probable  length  of  the  season  without  killing 
frost  in  81  years  in  100,  but  the  probable  error  is  of  the  order  of  four  days, 
and  consequently  for  practical  purposes  it  is  sufficient  to  assume  that  the  map 
shows  the  season  for  four  years  in  five.  If  crops  are  in  a  condition  to  be 
injured  by  frosts  by  the  date  shown  in  figure  11,  1  crop  in  10  will  be 
injured  by  frost  in  the  spring.  If  the  crops  require  the  full  time  until  the 
date  shown  in  figure  12  to  mature,  and  are  subject  to  frost  damage  until  this 
date,  1  crop  in  every  10  which  survive  the  exceptional  spring  frost  will  be 
destroyed  in  the  fall.  This  may  be  stated  as  follows:  If  the  chances  of 
safety  in  the  spring  are  9/10  and  the  chances  of  safety  in  the  fall  are  9/10, 
then  the  chance  of  a  safe  growing  season  is  represented  by  the  product  of 
the  chances  of  safety  in  spring  and  the  chances  of  safety  in  fall.  Expressed 
mathematically  this  is  9/10X9/10=81/100,  which  is  the  probability  of  a 
frost-free  season  of  the  length  indicated  on  the  map. 

INTLUBNOB  OV  TOPOffllAPHY  ON  FBOST  DATES. 

The  influence  of  topography  on  frost  is  twofold.  In  the  first  place  higher 
Altitudes  have  lower  temperatures  that  result  in  later  killing  frost  in  spring 
and  earlier  killing  frost  in  fall.  This  is  clearly  shovm  on  the  maps  of  average 
dates  of  killing  frost  The  second  influence  of  topography  depends  not  so 
much  on  altitude  above  sea  level  as  the  character  of  the  slope.  During  quiet 
nights  there  is  a  tendency  for  the  air  to  rearrange  itself  under  the  influence 
of  gravity.  This  is  particularly  noticeable  in  regions  of  broken  topography. 
While  the  mechanism  by  which  this  rearrangement  takes  place  is  complicated 
and  under  discussion  at  the  present  time,'  certain  phases  may  be  pointed  out. 

In  the  first  place  there  is  a  tendency  for  cold  air  to  collect  in  the  low  places, 
particularly  in  inclosed  valleys.  During  the  night  the  cold  builds  up  from  the 
bottom  of  the  valley  until  this  process  is  checked  by  the  morning  vmrming. 
There  is  also  a  tendency  for  the  chilled  air  to  flow  away  from  the  slopes. 
Whether  this  chilled  air  tiowB  down  the  hills  in  a  manner  similar  to  wat^, 
or  whether  there  is  a  complicated  exchange  of  air  from  the  hillsides  to  the 
air  over  the  valley,  is  still  under  discussion.  It  has  been  noted  in  many  regions 
that  there  is  a  warmer  belt  along  the  valley  sides — the  so-called  "thermal 
belt"  This  belt  has  frost  less  often  than  the  valley  bottoms  and  less  often 
than  the  hilltops  in  most  cases.  However,  where  the  hills  are  of  only  moderate 
height  it  sometimes  happens  that  the  hilltops  are  Included  within  the  thermal 

1  See  Table  4  for  the  method  by  which  this  date  ig  obtained. 

*  See  McAdie,  A.  G. :  Temperature  inversions  in  relation  to  frost.  Harvard  College 
Observatory  Annals,  78 :  168-177,  Cambridge,  1015 ;  and  Marvin,  C.  F, :  Air  drainage 
explained,  [U.  8.]  Monthly  Weather  Review,  42 :  588-685,  Washington,  1915. 
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belt  Practical  application  of  tiie  influence  of  topography  on  frost  may  bd 
seen  in  the  occurrence  of  places  which  are  particularly  subject  to  frost  damage 
or  are  particularly  frost  free.  The  relations  of  "air  drainage**  are  probably 
responsible  for  the  well-known  spottedness  of  frost  occurrence.  Slight  dif- 
ferences of  elevation  make  possible  the  movement  of  air  under  the  influence 
of  gravity  during  the  calm  of  the  typical  frost  night  The  whole  problem 
is  one  of  a  very  nice  adjustment  of  conditions  and  can  not  be  dealt  with  in  a 
general  way,  although  in  determining  the  liability  to  frost  of  particular  portions 
of  small  regions  the  influence  of  "air  drainage"  becomes  of  enormous  im- 
portance. 

No  careful  attempt  has  yet  been  made,  largely  because  of  lack  of  available 
data,  to  determine  just  what  is  the  relation  between  altitude  and  topography. 
It  has  been  suggested  that  a  canyon  approximately  500  feet  deep  in  central 
Washington  will  be  colder  at  the  bottom  than  at  the  canyon  rim.  If  the  depth 
is  greater  than  500  feet  the  altitude  effect  usually  makes  the  canyon  rim  more 
frosty  than  the  bottom  of  the  canyon.  In  general  it  may  be  sufficient  to  say 
that  very  considerable  portions  of  the  western  United  States  are  subject  to 
early  and  late  frosts  because  of  their  altitude  above  sea  level,  and  that  the 
exact  occurrence  of  frost  locally  in  a  broken  region  is  dependent  upon  the 
topography,  the  most  frost-free  places  being  the  valley  sides,  especially  the 
slopes  of  alluvial  fans  extending  into  the  valleys.  There  are  also  areas  which 
are  subject  to  cold  air  drainage,  particularly  areas  opposite  canyon  mouths 
from  which  a  stream  of  cold  air  flows,  making  these  subject  to  frosts  when 
other  portions  of  the  valley  do  not  reach  such  low  temperatures. 

The  whole  question  of  topography  and  frost  is  one  which  needs  a  great  deal 
more  study,  and  work  similar  to  that  now  being  carried  on  by  Cox  in  North 
Carolina  should  be  extended  to  all  parts  of  the  country.  An  example  of  the 
commercial  value  of  these  studies  is  to  be  found  in  the  work  done  in  southern 
California  near  Pomona  and  in  the  Corona  district^ 

THS    RELATION    BETWEEN    DATES    OF    LAST    KILLINQ    ROST    IN    SPSINO    AND    mST 

KILLINO   FBOST   IN    FALL. 

In  the  study  of  frost  dates  it  appears  that  the  last  q;»rinig  frost  and  the  first 
fall  frost  could  not  be  regarded  as  entirely  independent  of  each  other.  From 
a  theoretical  consideration  it  seems  wholly  possible,  if  not  probable,  that  the 
low  temperature  conditions  resulting  in  late  spring  frost  might  extend  through 
the  summer  and  give  earlier  fall  frosts,  or  that  the  higher  temperatures  re- 
sulting in  an  early  date  of  last  spring  frost  might  also  affect  the  first  fall 
frost  In  the  attempt  to  determine  the  probable  length  of  the  season  without 
killing  frost  in  9  years  in  10 — that  is,  to  determine  the  business  risk  in  the 
same  manner  as  for  the  last  spring  and  the  first  fall  frost — a  slight  but 
constant  relation  was  found.  Coefficients  of  correlation'  between  spring  and 
fall  frost  were  determined  for  several  stations.    In  nearly  all  the  cases  con- 

^See  Carpenter,  F.  A.:  Utilisation  of  frost  warnings  in  the  citms  region  near  Los 
Angeles,  Cat,  [U.  S.]  Monthly  Weather  Review,  42 :  660-571,  Washington,  1014.  Garth- 
waite,  J.  W. :  Letter  on  frost  and  frost  prevention,  [U.  S.]  Monthly  Weather  Review, 
42 :  571-572,  Washington,  1014.  Carpenter,  F.  A.,  and  Oarthwaite,  J.  W. :  Memorandum 
on  air  drainage  in  the  vicinity  of  the  Corona  district,  California,  [U.  8.]  Monthly 
Weather  Review,  42:572-578,  Washington,  1014. 

'See  Tale,  O.  Udny:  An  introduction  to  the  theory  of  statistics;  London,  C.  Griffin 
A  Co.,  1012,  pp.  157-258.  Davenport,  C.  B.:  Statistical  methods;  New  York,  WUey, 
ed.  8,  1014,  pp.  42-61.  [Great  Britain]  Meteorological  Office :  The  computer's  handbook, 
section  5,  London,  1015. 
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sidered  there  is  a  coeffldent  of  correlation  of  between  —  0.10  and  —  0.80  with 
a  probable  error  of  something  less  than  half  this  amount  (Correlation  is 
not  regarded  as  well  established  unless  the  coefficient  of  correlation  is  equal 
to  six  times  the  probable  error  of  the  coefficient,  but  there  is  here  a  condition 
in  which  the  slight  correlation  always  leans  in  the  same  direction.  In  the 
very  small  number  of  cases  in  which  there  is  positively  correlation,  the  coeffi- 
cient of  correlation  is  less  than  0.10,  and  its  probable  error  has  practically 
the  same  value.  This  means  that  zero  is  as  likely  as  the  value  of  the  coefficient 
as  the  value  determined.  Without  going  into  the  matter  in  detail,  the  indica- 
tions are  that  if  the  last  killing  frost  in  spring  is  late,  there  is  a  tendency  for 
the  first  killing  frost  in  fall  to  be  early,  and  if  the  last  killing  frost  in  spring 
is  early,  there  is  a  tendency  for  the  first  killing  frost  in  fall  to  be  late.  How- 
ever, the  records  are  not  complete  enough,  nor  is  the  correlation  well  enough 
marked  for  individual  stations  to  make  this  more  than  a  probability.  This 
condition,  however,  opens  an  interesting  field  for  study  which  should  be  pur- 
sued further.* 

FBOTBCnON  AGAINST  DAKAOE  BY  FROST. 

Fruits  and  vegetables  are  now  successfully  protected  in  many  parts  of 
the  United  States,  and  equipment  for  frost  fighting  is  regarded  as  necessary 
in  all  the  important  fruit  regions.  Protection  against  frost  damage  has  been 
accomplished  mainly  by  the  use  of  small  fires,  which  ke^  the  temperature 
above  the  dangerous  point  by  supplying  heat  to  the  low  area  to  make  up 
for  the  loss  to  space  by  radiation.  Usually  there  is  a  good  deal  of  smoke 
together  with  the  heat,  so  that  radiation  of  heat  from  the  earth  is  somewhat 
checked.  Various  other  methods  have  been  used  to  prevent  occurrence  of 
freezing  temperatures  under  the  local  radiation  conditions  which  result  in 
hoar  and  black  frosts.  During  the  general  freeze  condition  attempts  to 
protect  agaii^t  frost  damage  have  not  been  so  successful.' 

CONCLUSION. 

The  maps  presented  r^resent  in  the  first  place  the  average  conditions  of 
frost  and  season  without  killing  frost  which  exist  in  the  United  States. 
They  have  been  drawn  on  a  basis  of  all  available  data,  included  first  and  fore- 
most, the  frost  dates  recorded  by  the  observers  of  the  United  States  Weather 
Bureau,  and,  secondly,  topographic  and  botanic  data  obtained  from  various 
sources. 

The  maps  showing  probable  occurrence  of  last  killing  frost  In  spring  and 
first  killing  frost  In  fall  In  one  year  in  ten  are  new,  and  show  more  clearly 
than  the  others  the  business  risk  Involved  In  planting  and  harvesting  at 
particular  times.  The  map  of  probable  length  of  the  season  without  killing 
frost  In  four  years  out  of  five  shows  what  time  Is  available  for  the  growth 
of  crops  In  the  different  parts  of  the  United  States  with  a  loss  of  only  one- 
fifth  of  all  crops  from  frost,  which  may  be  assumed  as  a  fair  business  risk. 
This  map  and  the  data  upon  which  It  Is  based  show  better  than  any  maps 
previously  prepared  the  existence  of  killing  frost  as  a  limiting  factor  for 
crops.  It  does  not,  however,  show  the  heat  supply  upon  which  the  crop 
depends  for  its  growth.  The  frost  problem  for  most  crops  In  the  United 
States,  from  an  agricultural  point  of  view.  Is  that  of  determining  the  proba- 
bility of  frost  and  the  risk  Involved  In  planting  at  different  times.    The  cost 

»See  Reed,  W.  O. :  The  probable  growing  season,  [U.  S.]  Monthly  Weather  Review, 
44 :  509-512,  Washington,  1916. 

•Protection  against  damage  by  frost  is  discussed  In  the  [U.  S.]  Monthly  Weather 
Bevlew,  42:562-592  (October,  1914).  and  in  Better  Pmlt  (Hood  Elver,  Greg.),  5:  no.  4 
(October,  1910).  See  also  Reed,  W.  G. :  Protection  from  damage  by  frost,  C^eographical 
Eevlew.  1 :  110-122,  New  York.  1916. 
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of  protection  against  frost  damage  is  so  great  that  it  does  not  apply  to  the 
staple  crops  of  the  country.  The  problem  for  the  farmer  is  to  determine  the 
frost  conditions  he  will  have  to  meet  and  to  arrange  his  crops  and  his  agri- 
cultural practice  with  reference  to  these  frost  conditions. 

The  ChairmIn.  Mr.  Seed's  paper  is  now  before  you  for  discussion. 

Mr.  Fassig.  Mr.  Chairman,  I  think  we  will  all  admit  that  Dr. 
Seed's  paper  shows  very  encouraging  signs  of  progress  in  the  study 
of  our  frost  conditions.  Personally,  I  am  convinced  that  the  time 
will  soon  come  when  we  will  use  the  temperature  method  of  measur- 
ing the  growing  season,  instead  of  the  rather  cruder  method  of  frost. 
I  think  the  temperature  method  will  assist  very  materially  not  only 
in  determining  the  average,  but  in  getting  a  more  accurate  value 
of  the  probable  occurrence  within  a  certain  given  number  of  years; 
that  is,  the  probability  whether  we  can  expect  a  killing  frost  in 
four  of  five  times,  or  three  times,  out  of  a  certain  number.  In 
working  up  these  observations  my  experience  is  that  the  temperature 
method  is  a  surer  one,  and  certainly  a  very  much  better  one  to 
enable  us  to  make  comparative  results  between  stations  of  very  large 
areas. 

Mr.  Clayton.  I  am  inclined  to  agree  with  Dr.  Fassig  in  regard 
to  the  temperature  method  being  a  better  one,  but  it  needs  to  be 
used  with  care,  because  the  temperature  is  dependent  so  much  upon 
the  height  of  the  thermometer  above  the  ground.  On  a  clear,  frosty 
ni^t  the  temperature  increases  very  rapidly,  and  the  height  of  the 
thermometer  above  the  ground  may  make  a  very  material  difference. 
There  is  also  a  great  difference  between  a  thermometer  under  shelter 
and  a  thermometer  on  the  ground. 

Mr.  Fassig.  Of  course,  the  temperatures  ought  all  to  be  taken 
under  standardized  conditions. 

Mr.  Clatton.  And  the  contour  of  the  country  will  make  a  great 
difference.  I  remember  once  I  made  a  temperature  survey  over  a 
valley  at  Ann  Arbor,  Mich.,  and  I  found  a  temperature  variaticm 
of  10°  in  10  feet  in  a  pocket;  so  that  if  the  thermometer  happened 
to  be  in  a  pocket  it  might  record  a  temperature  very  different  indeed 
fr3m  that  of  the  surrounding  country.  On  the  other  hand,  if  the 
temperature  were  taken  on  a  ridge,  the  frost  might  be  very  serious 
on  the  surrounding  lowlands,  and  yet  not  be  indicated  by  the  ther- 
mometer. These  things  need  to  be  taken  into  consideration  in  taking 
the  thermometer  as  a  standard  of  frost. 

Mr.  VooRHEES.  While,  of  course,  the  temperature  will  vary  in  a 
way,  we  shall  have,  perhaps,  a  greater  variation  if  we  make  as  the 
test  a  frost  that  will  kill  plants.  I  can  go  out  and  see  one  plant 
killed  by  the  frost  this  morning,  while  maybe  a  dozen  others  are  not. 

The  Chairman.  We  will  now  hear  from  Prof.  W.  R.  Blair,  of 
the  United  States  Weather  Bureau,  Washington,  D.  C.  His  paper 
is  on  ^^  Some  results  of  aerological  observations." 
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SOMB  RESULTS  OF  AER0L06ICAL  OBSERVATIONS. 

By  WILLIAM  R.  BLAIR. 
Profcisor  of  Meteorology,  U.  8,  Weather  Bureau,  W(Uhkigton,  D.  C, 

The  purpose  of  this  paper  is  twofold:  1.  It  outlines  briefly  the  aerological 
work  already  done  in  this  country,  the  plan  of  the  work,  and  some  of  the 
results  obtained.  2.  It  points  out  the  need  of  cooperation  in  this  work  espe- 
cially among  countries  so  situated  that  they  can  maintain  observatories  in 
an  approximately  north  and  south  line.  The  second  element  of  purpose  is 
considered  the  more  important 

Beginning  in  June,  1907,  and  continuing  for  a  period  of  five  years,  dally  ob- 
servations in  the  free  air,  by  means  of  kites  and  captive  balloons,  have  been 
made  at  Mount  Weather — an  observatory  located  about  75  kilometers  west  of 
Washington,  D.  C,  and  526  meters  above  sea  level.  During  this  period  occa- 
sional series  of  sounding  balloon  ascensions  were  made  in  the  Middle  West. 
In  the  year  July,  1912,  to  July,  1913,  the  free-air  observations  at  Mount  Weather 
were  made  in  series  or  in  attempts  at  series  continuing  for  a  period  of  al)out  30 
hours.  During  a  selected  SO-hour  period  kite  flights  were  made  every  3  to  3i 
hours,  8  or  9  successive  flights  constituting  the  series.  In  the  year  1913-14  a 
series  of  daily  observations  by  means  of  sounding  balloons  was  made  at  Avalon 
in  southern  California,  and  a  series  of  12  observations  at  intervals  of  2|  hours 
was  made  at  Omaha.  The  Omaha  series  of  observations  was  preceded  by,  also 
followed  by,  several  daily  soundings.  Other  observations  have  recently  been 
concluded  or  are  in  progress,  but  the  records  have  not  yet  been  completely 
reduced. 

In  organizing  this  work  it  was  thought  that  the  daily  kite  and  captive  balloon 
observations  would  enable  us  to  determine  to  some  extent  the  free-air  conditions 
accompanying  areas  of  high  and  low  pressure.  The  sounding  balloon  observa- 
tions were  intended  to  supplement  the  kite  and  captive  balloon  work,  and,  in 
addition,  to  furnish  us  information  of  the  larger  or  planetary  unit  It  was 
by  way  of  throwing  light  on  these  larger  convective  systems,  which  could  only 
be  partially  explored,  that  the  study  of  the  diurnal  convective  system  was 
undertaken  by  means  of  the  successive  kite  observations,  continued  for  periods 
of  80  hours  or  longer. 

More  than  1,800  observations  by  means  of  kites  and  captive  balloons  were 
made  in  the  five  years  following  June,  1907.  These  observations  extended  to 
an  average  height  of  about  3  kilometers  above  sea  level,  a  maximum  height  of 
7i  kilometers  having  been  reached.  Over  100  observations  with  sounding 
balloons  have  been  made.  These  soundings  were  to  an  average  height  of  about 
17  kilometers.  Three  of  them  passed  the  30-kilometer  level,  the  highest  being 
32.6  kilometers  above  sea  level.  In  the  study  of  the  diurnal  convective  system 
over  200  kite  flights  to  an  average  height  of  3  kilometers  were  made. 

In  every  case  the  attempt  has  been  made  to  distribute  the  observations  as 
well  as  possible  throughout  the  particular  convective  system  under  considera- 
tion. It  is  to  be  noted  that  distribution  throughout  the  year  of  observations 
made  at  a  given  station  is  to  a  certain  extent  equivalent  to  their  distribution 
along  a  meridian  in  a  given  season.  Distribution  of  observations  throughout 
the  day  at  a  given  station  is  to  some  exent  equivalent  to  their  distribution 
along  a  parallel. 

These  three  larger  systems  of  convection  will  be  briefly  considered  at  this 
time  to  the  exclusion  of  results  having  a  more  local  application. 

The  diurnal  distribution  of  temperature  seems  to  determine  largely  the  dis- 
tribution of  the  other  elements  observed — ^i.  e.,  air  movement  pressure,  and 
humidity.  The  distribution  of  these  other  elements  in  turn  influences  to  some 
extent  the  distribution  of  temperature.     The  first  and  second  figures  illus- 
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trate  temperature  distribution.  The  first  is  based  on  two  series  of  ascensions 
made  in  the  summer  months,  the  second  on  one  series  of  ascensions  made  in 
the  winter. 

The  general  features  to  be  noted  are  that  the  type  of  diurnal  variation  of 
temperature  obtaining  near  the  earth's  surface  gives  way  gradually  with  alti- 
tude to  an  entirely  different  type,  this  new  type  being  well  developed  in  the 
2.5  and  3  kilometer  levels.  The  chief  characteristics  of  this  second  type  of 
temperature  distribution  are  that  its  principal  maximum  and  principal  mini- 
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Fio.  1.— Free  air  temperatures  above  Mount  Weather;  observed  August  16-17  and  September  13-13, 1911. 

mum  are  found  immediately  above  the  minimum  and  maximum,  respectively, 
of  the  surface  type.  The  transition  between  these  two  types  of  temperature 
distribution  is  rather  sharply  defined,  and  occurs  at  1.5  to  2  kilometers  above 
sea  level  in  the  summer  months,  at  1  to  1.5  kilometers  above  sea  level  in  the 
winter  months. 

In  general,  the  highest  rate  of  air  movement  accompanies  the  maxima  and 
minima  of  temperature  or  any  sharp  change  in  the  rate  of  increase  or  decrease 
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of  temperature.  The  direction  of  the  air  movement  changes  at  the  tnnTimii 
and  minima  of  air  pressure.  Maxima  of  pressure  follow  somewhat  Tnttifma  of 
temperature  and  vice  versa. 

Maxima  of  absolute  humidity  are  found  shortly  after  noon  and  lyUnimft 
shortly  after  midnight  at  all  levels. 

This  relative  distribution  of  the  elements  observed  is  illustrated  by  figures 
3  and  4. 

The  earth's  surface  is  the  chief  source  of  heat  for  the  lower  layers  of  the 
atmosphere.    This  heat  is  transferred  to  the  air  by  radiation  and  by  condnc- 
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Fio.  2.— Free  air  temperatures  above  Mount  Weather;  obseryed  March  l-%  1012. 

tion.  Its  distribution  depends  on  the  ability  of  the  air  in  question  to  absorb 
terrestrial  radiation  and  on  convection.  The  local  mixing  of  the  air,  whicb 
begins  as  the  sun  heats  the  earth's  surface  and  subsides  as  insolation  ceases, 
seems  to  reach  its  upper  limit  at  the  transition  level  above  defined. 

During  insolation  the  greater  moisture,  nuclei,  and  dust  content  of  the  air 
below  this  transition  level  render  it  a  comparatively  good  absorber  of  terres- 
trial radiation.  Convective  mixing  is  also  active  at  this  time.  Minimum 
diathermance  occurs  at  3  or  4  p.  m.    The  result  is  a  maximum  of  temperature 
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below  the  1.5-kilometer  level  at  this  hour  and  a  minimum  of  temperature  above 
it.  The  relative  lack  of  available  terrestrial  radiation  for  absorption  in  the 
upper  stratum  is  responsible  for  the  minimum  temperature.  The  various 
forms  of  comdensation  of  atrial  moisture  that  take  place  after  sunset  clear  the 
air  of  both  moisture  and  nuclei,  with  the  result  that  maximum  diathermance 
is  reached  in  the  lower  stratum  at  3  to  8  a.  m.,  depending  on  the  time  of  sun- 
rise.   The  result  is  a  minimum  of  temperature  below  and  a  maximum  of  tem- 
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Fio.  8.— October  to  March  mean  curves  of  the  dlmnal  TarJation  at  the  sao^meter  leveL 

perature  above  the  1.5  kilometer  level  at  this  time.  Comparatively  little  terres- 
trial radiation  is  absorbed  in  the  lower  stratum ;  consequently  a  relatively  large 
amount  is  available  for  absorption  in  the  stratum  Just  above  it  Any  system 
of  inflow  or  outflow  that  is  started  as  a  result  of  the  cooling  or  heating,  respec- 
tively, of  a  given  air  mass,  will,  if  this  cooling  or  heating  be  sufficiently  rapid, 
reach  its  maximum  intensity  at  the  time  when  the  rate  of  temperature  decrease 
or  increase  falls  below  a  certain  value  in  approaching  a  minimum  or  maxi-* 
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mum  of  temperature.  If  the  extrenie  of  the  tenperature  In  qneBtton  be  a 
minimum,  a  considerable  rise  In  temperature  of  the  air  mass  und^  considera- 
Uon  will  be  needed  to  check  the  circulation  set  up  by  the  immediate  pre- 
ciMling  fall  in  temperature.  At  the  time  this  circulatory  system  Is  cbecked 
and  before,  or  possibly  soon  after  a  counter  system  of  circulation  has  set  In, 
the  air  pressure  will  have  reached  its  maximum  value.    The  air  pressure  will 
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FiQ.  4.— October  to  March  mean  corves  of  the  diurnal  variatiOQ  at  the  SyOOO-meter  leveL 

continue  to  rise  until  relieved  by  the  counter  system  of  circulation.    In  a  simi- 
lar way  the  minimum  of  air  pressure  follows  the  maximum  of  temperature. 

The  circulatory  system  set  up  by  the  variations  in  the  temperature  of  a  stra- 
tum of  air  is  apparently  that  necessary  and  sufficient  to  take  care  of  the 
accompanying  variations  in  volume  and,  consequently,  this  circulatory  system 
does  not  appreciably  extend  to  other  strata.  For  this  reason  the  primary 
diurnal  maximum  and  minimum  of  air  pressure  below  the  1.6  Idlometer  level 
are  much  reduced,  or  become  the  secondary  maximum  and  minimum  above 
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^^\B  level,  while  the  pressure  maximum  and  minimum  following  the  temper- 
4iture  minimum  and  maximum  of  the  upper  stratum  appear  much  reduced  as 
the  secondary  maximum  and  minimum  of  the  lower  stratum. 

With  these  observations  to  a  height  of  8  kilometers  as  a  basis,  it  was  con- 
•cluded  that  the  diurnal  system  of  convection  above  described  would  practically 
•cease  to  disturb  the  atmosphere  at  a  height  of  5  or  6  kilometers,  probably  at  a 
liigher  level  in  summer  than  in  winter.  Data  obtained  in  the  series  of  sounding 
3>alloon  ascensions  in  which  a  balloon  was  sent  up  every  2^  hours  for  about  80 
"hours  seem  to  confirm  this  conclusion.  The  6  and  7  kilometer  levels  in  this 
series  show  less  of  diurnal  variation  than  any  lower  level,  not  excepting  the 
1.5-kilometer  level. 

In  order  to  see  the  diurnal  system  of  convection  pass  through  all  its  phases 
once,  one  must  observe  at  all  points  on  a  vertical  line  extending  7  kilometers 
from  a  given  point  on  the  earth's  surface  for  a  period  of  24  hours.  An  alterna- 
tive would  be  to  make  a  single  observation  at  all  points  in  a  plane  determined  by 
the  movement  of  this  7-kilometer  line  along  the  parallel  passing  through  its 
iToot  In  the  first  method  varying  weather  conditions  interfere;  in  the  second, 
-variation  in  topography  and  in  the  nature  of  the  earth's  surface  tend  to 
obscure  the  results  sought  At  best  only  a  transverse  section  of  the  systan 
<x>uld  be  seen  in  either  of  these  ways,  the  first  of  which  is,  for  many  reasons, 
preferable.  These  are  typical  methods  in  dynamic  meteorology.  Observations 
distributed  throughout  the  year  are  equivalent  to  only  a  small  variation  in 
latitude.  It  follows  that  a  system  of  observing  stations  placed  as  nearly  as 
may  be  along  a  meridian  would  furnish  the  best  possible  scheme  for  the  com- 
plete exploration  of  the  diurnal  system  of  convection. 

It  has  been  possible  to  explore  the  diurnal  system  of  convection  more 
completely  than  either  of  the  other  systems  mentioned.  For  this  reason  and 
because  of  the  apparent  analogy  between  it  and  each  of  the  other  systems, 
the  results  of  its  study  have  been  taken  up  in  some  detaiL 

The  mean  air  movement  for  a  year  in  this  latitude  varies  from  west  by 
less  than  6""  at  any  level  up  to  4  kilometers  above  sea,  yet  winds  from  the 
west  are  not  frequently  observed  in  this  stratum,  especially  in  that  part  of 
It  near  the  earth's  surface.  Between  a  center  of  a  given  high-pressure 
area  and  the  center  of  the  succeeding  low-pressure  area  a  southerly  current 
of  air  is  passing,  in  which  the  west  component  increases  with  height  A 
northerly  current  pass^  between  the  center  of  the  low-pressure  area  and 
that  of  the  following  high.  In  this  current  the  west  component  is  also  found 
to  increase  with  height  This  circulation  is  illustrated  somewhat  by  figures 
5  and  6. 

The  southerly  current  is  the  moister  and  consequently  the  less  diathermanous. 
Figure  7  shows  the  resulting  distribution  of  temperature.  The  earth's  sur- 
face again  seems  to  be  the  important  source  of  heat  in  the  air  mass  considered, 
and  as  before  the  lower  air  temperatures  in  the  upper  stratum  are  found 
above  the  more  absorbing  part  of  the  surface  stratum.  The  distribution  of 
air  movement  and  pressure  above  4  kilometers  has  not  been  much  explored 
with  reference  to  the  convective  system  accompanying  the  passage  of  high  and 
of  low  pressure  areas,  and  while  it  is  likely  they  could  be  fairly  well  filled 
in  by  comparison  of  this  convective  system  with  the  diurnal  system,  its 
thorough  exploration  Is  very  desirable.  A  system  of  stations  for  the  purpose 
of  making  this  exploration  is  now  in  process  of  installation  in  this  country. 

Above  the  4  or  5  kilometer  level  west  winds  seem  to  increase  with  height 
in  frequency  and  in  velocity  up  to  about  the  surface  of  minimum  tempera- 
ture. In  this  latitude  and  during  the  summer  months  the  winds  become 
easterly  at  about  the  18-kllometer  level.  This  easterly  movement  Increases  in 
velocity  with  altitude  as  far  up  as  our  observations  extend.     The  velocity 
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attained  at  the  30-kllometer  level  is  likely  to  be  greater  than  that  of  any 
air  movement  at  lower  levels.  In  the  winter  months  In  this  latitude  these 
easterly  winds  have  not  been  found  up  to  the  19-kilometer  leveL  No  obswva- 
tions  of  air  movement  above  this  level  have  yet  been  made  in  this  country 
in  the  wintertime. 

The  difference  in  altitude  at  which  the  upper  easterly  winds  are  found  seems 
to  vary  with  latitude.  European  observations,  most  of  which  are  at  higher 
latitudes  than  this,  do  not  encounter  easterly  winds  of  high  velocity  even  at 
high  altitudes.  On  the  other  hand,  Van  Bemmelen  has  found  easterly  winds 
of  40  meters   per   second   velocity   at   the  29.5-kilometer   level.    Van    Bern- 


melen  has  given  this  easterly  current  the  name  Krakatoa  wind,  because  by  it 
dust  thrown  into  the  air  by  the  eruption  of  this  volcano  was  carried  around 
the  earth  in  a  westerly  direction  at  the  rate  of  approximately  35  meters 
per  second.  The  temperature  altitude  relation  up  to  30  kilometers  is  shown 
in  figure  8.  The  westerly  winds  which,  so  far  as  our  observations  extend,  con- 
tain the  surface  of  minimum  temperature  appear  to  be  of  greater  vertical 
extent  at  higher  latitudes.  Over  Batavia  their  depth  is  only  about  4  Idlo- 
meters  (from  the  19  to  the  23  kilometer  levels),  according  to  observations  by 
Van  Bemmelen.  The  easterly  wind,  as  observed  in  this  latitude  in  the  sununer 
tum  of  appears  to  contain  a  surface  pf  maximum  temperature  at  about  the 
accomp^nyiL  level. 

does  not  appn  shown  in  a  note  recently  published  In  the  Monthly  Weather 
diurnal  maxim                 weight  of  water  content, 
are  much  redu<5^  ratio, weight  of  dry  air, '•©ac^es  a  minimum  in  this 
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cold  westerly  current,  but  that  the  ratio  may  become  as  great  above  this 
minimum  as  it  is  at  any  level  below  it 

While  the  exploration  of  the  planetary  system  of  convection  in  a  vertical 
direction  has  only  Just  begun,  in  it,  apparently,  the  same  explanation  of  the 
temperature  distribution  obtains  as  in  the  other  two  convective  systems  con- 
sidered. The  westerly  current  is  comparatively  dry,  cold,  and,  consequently, 
diathermanous.  It  transmits  radiation  from  below  rather  freely,  the  absorp- 
tion of  which  by  the  moister  upper  easterly  current  is  responsible  for  the 
surface  of  maximum  temperature  contained  in  this  current 


Fio. «. 

The  terms  "  isothermal  atmosphere  "  and  "  advective  atmosphere  "  have  been 
applied  to  the  region  outside  of  the  upper  limit  of  the  high  westerly  current 
and  a  surface  of  discontinuity,  above  which  the  constitution  of  the  air  is  dif- 
ferent from  that  of  the  air  below,  and  across  which  no  mixing  of  the  lower 
and  upper  airs  is  possible,  has  been  supposed  to  form  the  lower  boundary  of 
this  region.  In  the  writer's  opinion  the  data  now  in  hand  finally  dispose  of 
these  general  terms  and  of  the  rather  far-fetched  explanations  of  the  upper 
inversion  of  temperature  that  have  given  rise  to  their  use. 

In  general,  these  phenomena,  belonging  to  the  planetary  system  of  convec- 
tion, are  the  same  when  observed  anywhere  along  a  parallel.  It  is  only  by 
making  simultaneous  observations  at  points  as  nearly  as  may  be  along  a 
meridian  that  the  planetary  convective  system  can  be  thoroughly  explored. 

A  system  of  eight  observatories  extending  from  latitudes  70"  N.  to  70**  S., 
spaced  approximately  20**  apart,  and  working  in  concert,  could  furnish  data 
of  almost  inestimable  value  to  dynamic  meteorology.     Such  a  system  would 
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afford  means  for  a  very  complete  study  of  the  diurnal  and  planetary  systems 
of  convection.  For  the  careful  study  of  the  convective  systems  accompanying' 
the  high  and  low  pressure  areas  which  pass  aperiodlcally  from  west  to  east  in. 
the  middle  latitudes,  the  observatories  would  need  to  be  closer  together.  A1so» 
in  view  of  the  fact  that  the  topography  and  the  nature  of  the  surface  over 
which  they  pass  affect  these  systems  materially,  an  east  and  west  distribution  of 
observatories  may  be  necessary,  especially  when  the  use  of  the  upper-air  data 
in  forecasting  Is  contemplated.  Either  the  North  or  the  South  American  conti' 
nent  fumisheB  an  excellent  field  for  the  study  of  these  convective  systems. 
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It  seems  certain  that  every  American  Republic  must  soon  have  one  or  more 
observatories  for  the  study  of  the  upper  air,  because  of  the  vital  connection  of 
this  study  with  a§rlal  navigation,  if  not  for  purely  meteorological  reasons. 
Care  in  the  location  of  these  observatories  would  insure  their  serving  both 
purposes. 

The  Chairman.  If  there  is  nothing  further  this  morning,  we  will 
declare  the  meeting  of  this  subsection  adjourned  until  to-morrow 
afternoon  at  ^.30  o'clock. 
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SESSION  OF  SUBSECTION  B  OF  SECTION  IL 

Carnegie  Institution, 
Wednesday  mominff,  January  5, 1916. 

Chairman,  Cuaruss  F.  Marvin. 

The  meeting  was  called  to  order  at  10  o'clock  by  the  chairman. 

The  Chairman.  Owing  to  the  absence  of  the  authors  of  the  first 
two  papers  set  down  on  the  program  for  this  morning — one  by  I>r. 
Santiago  I.  Barberena,  on  "  The  principal  geophysical  bases  of  mod- 
em seismology,"  and  the  seccmd  by  Comit  de  Montessus  de  Ballore, 
director  of  the  seismological  service  of  Chile,  on  the  "  Organization 
of  macroseismological  observations  in  America" — ^these  papers  will 
be  announced  as  read  by  title. 

I  will  also  announce  that  the  paper  by  Prof.  H.  C.  Frankenfield, 
of  the  United  States  Weather  Bureau,  Washington,  D.  C,  on  "  Fog 
forecasting  in  the  United  States,"  the  paper  by  Prof.  A.  J.  Henry,  of 
the  United  States  Weather  Bureau,  Washington,  D.  C,  on  "  River 
service  of  the  Weather  Bureau,"  and  the  paper  by  Mr.  E.  C.  Emigh, 
of  the  United  States  Weather  Bureau,  Augusta,  Ga.,  on  the  "  Prin- 
ciples involved  in  predicting  high- water  stages  in  ^  flashy '  streams, 
with  special  reference  to  the  scheme  for  the  Savannah  River,  Au- 
gusta, Ga.,"  will  be  considered  as  read  by  title. 

Prof.  Humphreys  has  kindly  agreed  to  combine  his  paper  of  yes- 
terday with  the  one  of  this  morning,  presenting  both  briefly,  and  we 
will  hear  them  at  this  time. 

INFORMB  DB  LOS  SERVICIOS  METB0R0L6GIC0  T  SISM0L66IC0 

DB  EL  SALVADOR. 

Por  SANTIAGO  I.  BARBERENA, 
DWector  del  Ohaervatario  Nacional  de  El  Salvador. 

El  Obe^rvatorio  Nacional  de  El  Salvador  fn^  fundado  por  Decreto  de  fecha 
25  de  octubre  de  1890  durante  la  admlni8traci6n  de  don  Carlos  Ezeta,  habiendo 
sido  sn  primer  Director  el  marino  peruano  don  Oarlos  Mayer,  quien  desempefi6 
ese  cargo  durante  menos  de  seis  meses. 

Ya  antes  de  eso  se  practlcaban  alganas  observaciones  meteorol6gicas  en  el 
Instituto  Nacional  a  cargo  del  Dr.  don  Darfo  Gonz&les,  y  oi  ese  plantel  estavo 
establecido  el  Observatorio  durante  el  tiempo  que  lo  tuvo  a  su  cargo  el  sefior 
Biayer. 

Su  sucesor  el  talentoso  y  entendido  matem&tico  salvadorefio  Dr.  don  Alberto 
S&ncheE,  f  allecido  hace  algunos  afios  en  plena  floresc^icla,  gestiond  y  logrd  que 
el  Observatorio  se  trasladase  a  uno  de  los  apartamentos  de  la  Universidad 
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NacionaL     Al  doctor  SAncbes  we  debe  la  reglaineiitacl6n  de  loe  senricioe  del 

Obflerratorio,  reglaiiieiitacl6n  que  en  bub  Ifneas  fuadamentales  subslste  atln. 

Posteriormente  el  Obserratorlo  ha  estado  a  cargo  del  Ingenlero  don  Jnll&n 

Aparido.     Y  deepn^s  d^  lamentable  fallecimiento  del  joven  y  laborioeo  Sr. 

Aparicio,  acaeddo  en  agoato  de  1905  entr^  a  desempeOar  la  Dlreccl6n  el  infras- 

crlto  que  atln  permanece  en  eae  pnesta 

lios  Berridos  d^  Obeervatorlo  comprenden  tree  ramos:  aatronomfa,  meteoro- 

logfa  7  slamologfa. 

La  parte  astron^mlca,  por  falta  de  Inatrom^ital  adecnado  se  reduce  por 

ahora  a  la  detormlnacidn  del  tlempo  medio  local,  medlante  obaenradonea  de  alturas 

solaree  con  un  bnen  teodoUto  de  la  acredltada  caaa  Secretan,  operaddn  que  se 

efecti&a  todos  loe  ml^colee  y  s&bados,  y  se  anunda  al  pdbllco  en  el  Instante 

del  medio  dia  con  un  cafionazo.    Se  ban  publicado  tiunbl^n  algunoe  c&lculoe 

estelarios  y  relativos  a  cometas  y  ae  ban  becho  efem^rldee  astrondmlcaa  para 

USD  valvar. 

Las   obsenradones  meteoroldgicas  comprenden:  la  temperatura,  la  presi6n 

atmosfteica,  el  estado  blgrom^trlco,  la  Insoladdn,  la  nebuloeldad  y  la  dlrecd6n 

7  fuerza  del  Tlento.    Para  eeoe  sela  elementoe  cuenta  el  Obeervatorlo  con  los 

aparatoa  necesarloe,  de  muy  buena  procedenda  y  en  perfecto  estado  de  con- 

8ervaci6n.    Las  obeervadones  se  ejecutan  a  las  7  a.  m.,  a  laa  2  p.  m.  y  a  las  0  p.  m. 

I>arante  algdn  tlempo  se  ban  estado  publicando  y  atln  se  publican  dla  por  dfa 

las  otHMrradooes  meteoroldgicas,  sin  perjuldo  de  publlcar  cuadroe  mensuales 

7  ^  resumen  oorrespondlente  a  cada  afio. 

Se  ban  estableddo  estadones  secundarlas  en  Santa  Ana,  Ahuachap&n,  Son- 

sonate,  San  Vicente,  Sucbltoto,  Algeria  y  La  Unldn,  escogldas  de  manera  de 

tener  los  datos  relativos  a  los  puntos  mAs  Importantes  de  la  reptlbllca  desde 

el  punto  de  vista  meteoroldglco. 

Como  el  Salvador  es  un  pate  esenclalmente  agrfcola,  y  por  conslgulente  el 

fendmeno  de  las  lluvlas  ee  de  vital  importancia  para  ^1,  se  ban  estableddo 

tamblto  estadones  pluvlom^tricas  en  varies  puntos  convenientemente  elegldos. 

Acompafio  im  cuadro  de  las  Narmales  correspondlentes  a  San  Salvador,  que 

con  bastante  aproxlmad6n  puede  considerarse  como  relativo  al  pate  entero, 

tanto  por  la  pequefies  de  Me,  como  por  la  posld6n  central  que  ocupa  esta 

dudad. 

Periodo  de  1889  a  1899. 

Or.  a 

Temperatura  a  la  sombra  (seco) 23.1 

M^lxima  dlarla,  media  normal 30,3 

Minima  diaria,  media  normal 17, 1 

Osciladdn,  media  normal 13,2 

MATima  absoluta  en  11  aflos 87,8 

Minima  absoluta  en  11  aflos 9,6 

Bar&metro  a  O  Or,  C,  H^^^ 

M&zlma  absoluta  en  11  aflos 710. 4 

Minima  absoluta  en  11  aflos ^®7»  8 

Media  normal '^^»® 

Osdlad6n  absoluta  en  11  aflos 18. 1 

Humedad  reUUiva.  Percent 

MAtIwib IW 

Minima 21 

Media '- '^ 
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Tefuidn  del  vapor  de  agua  attno$fMoo. 

Mm. 
MAxlma 29.3 

Minima 7,4 

Media 16, 0 

Lluvia  en  mm. 

Mm. 

Precipitacl6n  m&xima  en  un  afio 2711 

Precipitaci6n  minima  en  un  afio 875 

Precipitaci<^  m&xima  en  24  horas 300 

VierUo. 

La  yelocidad  m^Yima  absoluta  fu6  de 27      ms  en  1 8. 

La  velocidad  minima  absoluta  fu6  de 0, 2  ms  en  Is. 

La  velocidad  media  absoluta  fu6  de 1, 9  ms  en  Is. 

Direcci6n  dominante SW  y  NO — 

La  Secci6n  Sismol<)gica  se  ha  establecido  en  un  pabell6n  construido  €td  hoe 
a  oriUas  yalS.de  esta  ciudad,  en  terrenos  de  la  Finca  Modelo.  Su  posicidn 
geogr&fica  es  13*  43'  44"  de  Lat  N.  por  6h  5dm  38b  de  Long.  W.  respecto 
a  Qrenwlch,  estando  a  674  metros  sobre  el  nivel  de  mar. 

Cuenta  con  un  excelente  Micro^Umdgrafo  Vicentini,  a  tres  componentes :  la 
longitud  del  p^ndulo  vertical  es  de  l,50m8,  con  una  maza  de  100  kUdgramos, 
para  las  componentes  horizontales,  y  otra  de  50.  Kg.  para  la  componente  ver- 
tical, dando  90  y  180  de  ampliflcaci6n,  respectivamente,  con  un  perfodo  com- 
pleto  de  2m  88  para  las  primeras,  y  0^,85  para  la  tUtima,  y  con  (iTfiO  de 
yelocidad  horaria  la  cinta  registradora.  Para  el  estudio  de  los  temblores  locales 
intensos  hay  un  macroHamometrdffrofo  Agamennone,  de  tres  componentes  y 
con  una  ampliflcaci6n  de  2X1.  Bst&n  montados  tambito  doe  Trom&metros 
(p^ndulos  horizontales  pesados)  Omori-Bosch,  de  100  Kg.  y  con  una  ampliflca- 
ci6n  de  80  a  100,  tal  como  se  construyen  hoy  en  Strasburgo,  de  acuerdo  con  las 
indicaciones  del  Dr.  Hecker.  El  tiempo  medio  local  est&  regulado  por  un 
magnifico  reloj  de  p^ndulo,  conectado  el^tricamente  con  el  Vioentinl  y  con  los 
Omori-Bosch. 

Bst&  provista  esa  secciiSn  de  todos  los  titiles  necesarios  para  el  ahumado  y 
bamizado  de  los  sismogramas  y  con  los  enseres  que  se  requieren  para  la  buena 
marcha  del  servlcio. 


0R6ANIZACI6N  DB  LAS  OBSERVACIONES  MACR0SISM0L66ICAS 

EN  AMERICA. 

Por  CONDE  DE  MONTBSSUS  DE  BALLORE, 
Direotor  del  Servido  Siam^oldgico  de  Chile. 

I.   C0N8IDERACI0NES  GENERALES. 

De  una  organlzacion  sistemAtica  y  uniforme  de  las  observaciones  sismo- 
16gicas  en  toda  la  superflcie  de  un  vaato  continente  como  America,  resultar&n 
despu69  de  un  tiempo  suflcientemente  largo,  deducciones  cientificas  de  gran 
importancia  acerca  de  los  fen6menos  sismicos  no  solo  para  el  Nuevo  Mundo, 
sino  tambi^n  para  todo  el  Orbe.  Pero  el  ^ito  de  una  empresa  cientifica  de 
tamafia  magnitud  ite  frustrarA  por  completo  si  no  se  establece  en  conformidad 
a  algunos  requisitos  que  vamos  a  exponer  sucintamente. 
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(1)  E8  menester  se  fije  de  antemano  j  con  la  debida  precisidn  el  problema 
cientlflco  que  se  qniera  investlgar. 

(2)  El  m^todo  de  obseryacl6n  debe  ser  sendllo,  prftctlco,  y  uniforme  en 
ciianto  sea  poeible. 

(3)  La  instalacidn  de  las  estaclones  sismoldgicas  deberA  ser  barata  para 
tener  en  cnenta  el  poder  flnandero  de  los  pafses  menos  ricos  que  se  adherir&n 
a  la  futura  asociaci6n  sismol6gica  panamerlcana. 

Es  superfluo  decir  que  estos  principles  deberfan  reglr  una  organizaci6n 
internacional  para  la  observacl6n  de  un  fen6meno  natural  cualqulera  que  sea. 

El  segundo  y  el  tercer  principio  que  acabamos  de  enunciar  no  necesitan 
examen  previo.  Pero  no  sucede  asf  para  el  primero.  En  efecto,  el  punto  de 
vista  meramente  cientlflco  a  que  deberft  corresponder  la  organizaci6n  pro- 
yectada  es  de  solucl6n  delicada,  porque  segdn  las  opiniones  que,  acerca  de  los 
f en6nienos  sfsmicos,  profesarA  cualquler  slsm61ogo  a  quien  se  encargue  redactar 
un  proyecto  de  esta  dase,  dichas  opiniones  se  reflejar&n  forzosamente  en  la 
80luci6n  que  presentar&. 

Nos  encontramos,  por  consiguiente,  en  la  obligacliSn  de  reseflar  a  grandes 
rasgos  nuestra  opinion  personal  respecto  a  la  naturaleza  del  movimiento  sis- 
mico,  aunque  habrlamos  podido  ahorrar  esta  exposici6n  sucinta  por  haberla 
definido  en  varias  memorias.  EqulvaldrA  esto  a  deflnir  cu&l  objeto  concreto 
debe  perseguirse,  en  nuestra  opinion,  por  la  realizacl6n  de  una  red  pan- 
amerlcana de  observadones  sismol6gicas,  pues  el  proyecto  que  presentamos 
precede  de  las  opiniones  que  profesamos  acerca  de  los  temblores. 

n.  OBJETO   CIENTfFIOO   PBINCIPAL    QUE   DEBE   PEBSEGUIBSE. 

El  obJeto  dentifico  principal  que  debe  perseguirse,  es  el  de  ensanchar  hasta 
el  menor  detalle  nuestros  cojiodmientos  respecto  a  la  repartid6n  geogr&flca 
de  la  instabilidad  sismica  en  America.  Los  sisnuSlogos  la  conocemos  hoy 
dfa  &i  sua  rasgos  prindpales,  pero  queda  por  resolver  el  problema  mAn 
complicado  de  delinear  con  la  precisi6n  debida  las  regiones  pardales  de 
instabilidad  y  la  intensidad  relativa  de  los  terremotos  que  amenassan  a 
cada  una. 

Esta  primera  fase  del  trabajo  necesitarA  muchos  afios,  pero  se  completar&n 
mientras  tanto  las  investlgaclones  geol6gicas,  todavia  muy  defldentes  en 
vastas  Areas  del  contlnente  americano  en  que  muy  a  menudo  se  ban  dirlgido 
tinicamente  hada  el  descubrlmlento  de  los  mlnerales  titiles. 

Entonces  vendr&  un  dfa  en  que  serd  posible  confrontar  eficazmente  y  sin 
hlpdtesis  llusoria,  la  potencia  stemica  grande,  pequefia  o  nula  de  cualquler 
lugar  de  Am^ica  con  la  evoluciiSn  geoliSgica  del  relieve  terrestre  en  la 
comarca  a  que  pertenece,  pues  creemos  flrmemente  que  el  fen6meno  sfsmico 
propiamente  dicho  tiene  causas  exdusivamente  geol6gicas. 

La  determinaci6n  de  los  Ifmites  precisos  de  las  regiones  pardales  de  insta- 
bilidad con  su  grado  correspondiente  de  peligro  sfsmico  dar&  tambien  a  conocer 
con  exactitud  las  Areas  en  que  deberfan  imponerse  reglamentos  de  edilidad 
antisfsmica,  un  deber  gubernativo  y  municipal,  cuya  suma  importancia  no 
escaparA  a  nadie. 

De  esto  se  desprende  desde  luego  que  excluimos  la  observacl6n  de  los  microsis- 
mos,  restringi^ndonos  a  la  de  los  macrosismos  y  megasismos,  o  sea  de  los 
temblores  y  terremotos.  Se  entiende  que  a  esta  investigaci6n  llmitada,  deber& 
agregarse  la  de  los  Brontidis,  o  sea  la  de  los  temblores  frustrados. 

En  verdad,  si  varies  microsismos  se  originan  de  feniSmenos  geol6gicos,  etres 
mucbos  resultan  de  una  multitud  de  etres  fen6menes  naturales,  meteerol6gicos, 
geeffsices  y  basta  c6smice6,  de  mode  que  al  eliminar  per  complete  la  ebserva- 
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cl6n  de  las  mfis  pequefias  vibraciones  terrestres,  perderemos,  no  hay  duda,  on 
gran  niimero  de  movimientos  de  origen  geol6gico ;  pero  la  dlstinci6n  entre  estas 
vibraciones  segtin  su  origen  queda  todavfa  sin  crlterlo  conoddo.  Asf  se  explica 
daramente  porqu^  no  se  ha  podldo  sacar  nlnguna  deduccl6n  concreta  de  los  In- 
numerables  boletlnes  sisniol6glcos  que  se  publican  actualmente  en  todas  partes 
del  mundo,  entendl^ndose  que  nos  referlmos  al  estudlo  de  las  causas  geol6gicas 
de  los  temblores.  La  raz6n  de  este  fracaso  es  obvla :  los  slsm6graf os  r^lstran 
un  fen6meno  consecutlvo,  la  propagaci6n  del  movlmlento  terrestre  a  trav^  de 
la  masa  del  planeta  o  en  su  superflcie,  y  este  tiltimo  fen6meno  ser&  idtetico 
cualqulera  que  sea  el  empuje  iniclal  ora  geol6glco,  o  sea  sfsmlco,  ora  de  origen 
meteorol6gico,  geoffsico  o  c6smico :  asf  de  ningtkn  modo  los  slsmogramas  podriln 
darnos  la  Have  del  genesis  geoliSglco  de  los  temblores  propiamente  dlclios. 

En  otras  palabras,  exclulmos  de  la  organizaci6n  proyectada  las  InvestigacioneB 
y  observaciones  relativas  a  las  modalidades  del  movimiento  sfsmico  por  tratarse 
de  un  problema  que,  en  nuestro  modo  de  ver,  debe  reservarse  a  los  grandee  in- 
stitutos  cientfficos. 

No  ser&  inoportuno  seflalar  el  casl  fracaso  de  la  enorme  m6quina  Uamada 
Asociacidn  sismol6gica  Internacional,  a  lo  menos  en  cuanto  al  origen  geol6gico 
de  los  temblores,  pues  no  se  divlsa  hasta  ahora  cuales  resultados  de  verdadera 
importancia  se  hay  an  sacado  todavfa  en  este  sentido  de  los  trabajos  publicadoB 
o  emprendidos  por  ella,  por  interesantes  que  sean  muchos  de  ellos  en  otros 
conc^tos  de  sismologfa  general.  Los  mayores  adelantos  modemos  de  la  sismo- 
logfa  ban  resultado  de  esfuerzos  indivlduales,  mlentras  que  la  Asociaci6n  se  ha 
encamlnado  hada  vfas  poco  pr&ctlcas  y  es  ^te  d  peligro  que  se  trata  de  evltar 
en  America. 

Si  se  logra  organlzar  pr&ctlca  y  unitormemente  la  observaci5n  de  los  tem- 
blores en  todo  el  contlnente  americano,  las  ambldones  de  los  slsm61ogo6  se  ten- 
drdn  por  ampllamente  satlsfechas,  solo  con  sumlnistrar  a  los  gedlogos  d^ 
futuro  un  material  de  observadones  macrosfsmlcas  que  les  permlta  deflnlr  con 
predsidn  las  causas  geol6glca8  de  los  fen6menos  sfsmlcos,  pues  a  ellos  tocarA 
resolver  el  problems  de  su  origen. 

De  conslguiente,  los  pafses  que  se  adherir&n  a  la  Asodad6n  sismol6gica  pui- 
amerlcana  ser&n  libres  de  establecer  o  no  en  sus  terrlt<Hrios  obsarvadones 
sismometrogr&flcas,  segtin  les  conv^iga  y  en  la  forma  que  mejor  les  parezca. 

Asf  definido  el  objeto  que  debe  persegulrse  segtin  pensamos,  es  poeible  ah<n« 
examinar  cuerdamente  los  medios  prftctlcos  m6s  a  prop6slto  para  lograrlo. 

m.  BEPABTIC1617  oboorAfica  de  las  bstacionbs  sismol6gicas. 

Oonodda  como  est&  en  sus  grandes  rasgos  la  reparticiiSn  geogr&fica  de  la 
instabilidad  sfsmlca  en  America,  nada  mds  f&cil  que  determinar  la  red  de  las 
estaclones  sismoMgicas  que  aevA  necesarlo  establecer.  BastarA  que  los  cfrculos 
de  senslbllidad  de  los  aparatos  empleados  en  dos  estaclones  adyacentes  se 
intersecten  un  poco. 

Yarlos  aparatos  bastante  sendllos,  fuertes  y  baratos  tlen^i  para  los  macrosis- 
mos  un  radio  de  sensibilldad  que  alcanza  hasta  400  a  500  kil6metros.  Men- 
donaremos  el  p^ndulo  estAtlco  de  Wiechert  de  180  kildgramos  y  los  p^dulos 
horizontales  Omorl  de  80  kil6gramos,  Bosch-Omorl  de  100  kll6gramos,  de  la 
Oartucha  de  Granada  (Espafia.  P.  Navarro  Neumann),  etc,  son  equivaloites 
para  nuestro  objeto.  Si  se  quiere  Imponer  un  modelo  tinlco  de  aparato,  lo  que 
no  creemos  necesario,  entonces  se  trataffa  del  Wiechert  de  180  kildgramos  por 
ser  empleado  en  Chile,  el  tinico  pafs  de  America  actualmente  dotado  de  una 
organizacl6n  completa. 
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La  ezperiencia  noe  ha  demostrado  que  este  aparato  alcanza  a  registrar  lo6 
temblores  del  tercer  grado  de  Intensidad  (Escala  \lercalli)  hasta  la  distanda 
de  500  kll6metroB,  pndiendo  presciDdirse  de  los  temblores  del  segondo  grado, 
cayoB  slsmogramas  no  se  dlstinguen  siempre  con  certeza  de  los  debldos  a 
microslsmos'  o  a  movlmientos  artiflciales. 

No  f altan  en  Am^ica  reglones  y  hasta  pafses  enteros  en  que  no  tiembla  casi 
nnnca,  por  ejemplo  el  Uruguay,  el  Paraguay  y  la  mayor  parte  de  Argentina, 
Amazonia  y  Canada  Septentrional.  De  consiguiente  no  ser&  necesario  que  los 
circulos  de  sensibilldad,  con  un  radio  de  500  kil6metro8,  recubran  todo  el  con- 
tinente;  ciertos  pafses  podr&n,  pues,  abstenerse  de  entrar  en  la  organizacidn 
proyectada,  o  si  lo  hacen,  ser&  sufldente  instalen  un  Bosch-Omori  de  100 
kll6gramos,  cuyo  radio  de  sensibilldad  es  pr&cticamente  indefinldo  en  cuanto  se 
trata  del  problema  de  que  nos  ocupamos.  Por  su  senciUez,  su  baratura  y  su 
notable  sensibilldad  que  alcanza  hasta  2,000  ]dl6metros,  el  p^ndulo  Gard&nico 
puede  aconsejarse  tambi^ 

El  gasto  ocasionado  por  una  estacidn  sismol6gica  de  la  dase  indicada  no 
pasa  de  2,000  a  2,500  francos  y  de  una  suma  igual  para  la  construcddn  del 
observatorio  y  la.compra  de  los  accesorios. 

ly.  ezclt7si6n  de  los   sismoscopios.     obsebyacionss  icacbosismol6oicas   sin 

APABATOS. 

A  primera  vista  parecer&  16gico  se  complete  esta  red  por  otra  de  estadones 
provistas  de  sismoscopios.  Aunque  hayamos  escogido  para  Chile  un  buen 
modelo,  el  de  Agamennone,  los  resultados  obtenidos  ban  sido  mallsimos.  Es 
que,  no  siendo  cuerdo  gastar  mucho  dinero  para  instalar  un  sismoscoplo  en 
un  pequefio  ediflcio,  se  impone  la  necesidad  de  colocarlo  dentro  de  las  dudades 
7  en  edifldos  sea  privados,  sea  ptlblicos.  Entonces  fundona  a  consecuenda 
de  una  multltud  de  movlmientos  artifidales  y  asf  se  apuntarfan  un  gran 
ndmero  de  temblores  falsos,  sin  que  sea  posible  saberlo  con  certeza. 

No  hemes  querido  suprimir  d  empleo  de  los  sismoscopios  que  tenfamos 
instalados,  pero  en  vista  de  las  diflcultades  antes  mencionadas  las  instrucdones 
pr&cticas  del  Servldo  Sismoldgico  prescriben  a  los  observadores  que  tienen  a 
su  cargo  uno  de  estos  aparatos,  apunten  en  cuadros  separados  los  temblores 
que  han  observado  directamente  y  las  horas  en  que  fundon5  el  sismoscoplo 
Agamennone,  estando  la  varita  colocada  siempre  en  el  mayor  de  los  tres 
agujeros.  A  la  oficina  c^tral  toca  la  tarea  de  determinar  cuando  el  aparato 
ha  fundonado  a  consecuenda  de  im  movimiento  artifidal  del  suelo. 

De  esto  se  deduce  la  obligad5n  absoluta  de  implantar  una  red  mucho  mAs 
densa  de  observadones  directas,  o  sea  sin  aparatos,  porque  los  aparatos 
antes  mendonados  no  permiten  se  determine  con  la  predsiiSn  debida  el  Area 
epicentral  de  los  temblores.  No  por  esto  habr&  peligro  de  perder  algunos 
temblores,  con  tal  que  los  observadores  sean  cumplidos,  pues  el  hombre  es 
un  sismoscoplo  de  gran  sensibilldad.  En  im  pals  dotado  d^  una  red  bastante 
densa  de  estadones  meteoroldgicas,  es  evldente  que  se  tendr&  a  la  mano  un 
personal  coiiHl^etente  y  adecuado. 

En  los  palses  en  que  esta  drcunstanda  no  estA  realizada,  se  encargar&n 
las  observadones  macrosismol6gicas  a  varies  empleados  ptlblicos:  maestros 
y  maestras  de  escuelas  primarias,  profesores  de  liceos,  telegraflstas,  empleados 
de  oorreot  Jefes  de  estadones  de  ferrocarrlles,  adnaneros,  guardianes  de 
faros;  est  fin  misioneros  en  reglones  poco  pobladas,  etc.  Pero  debemos  hacer 
presente  que  en  cuanto  a  las  observadones,  estas  personas  no  deber&n  depender 
de  la  ofldna  sismoldgica  del  pals,  pero  sf  de  su  propia  administrad6n,  porque, 
lit'  i^tra  manera,  no  transcurrir&  largo  tlempo  antes  de  que  pierdan  el  inters 
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en  las  obaeryaciones.  E^s  muy  humano  y  lo  que  ha  sucedldo  en  Chile,  pasarit 
tambien  en  cualqoier  otro  pals. 

A  estos  observadores  se  soministrar&n  instrucdones  senciUas  y  cnadros 
menauales  y  se  lea  pagarA  una  pequefia  indemnizaci6n,  sobre  todo  con  el  objeto 
de  poder  castigarlos  en  caso  de  que  no  cumplan  bien. 

Se  obtendr&  asl  con  suma  faciUdad  el  &rea  de  sacudlmiento  de  un  temblor 
y  la  poBici6n  y  forma  aproxlmada  de  su  &rea  epicentral,  con  tal  que  se 
conozcan  los  lugares  en  que  alcanz6  an  mayor  Intensldad,  problema  cuya  soln- 
ci6n  pr&ctica  es  mucho  m&s  delicada  que  lo  que  se  podrla  creer  a  primera 
vlata. 

y.   INTENSIDAD  DE  UN  TEMBLOB.      IN8TBUCCI0NE8  PBACTICAS  PABA  8X7   OBSEBVACldN. 

Una  experienda  personal  nos  ha  ensefiado  cu&n  dlf fell  es  aplicar  con  exact!- 
tud  la  escala  de  Rossi-Forel,  o  mejor  la  de  Mercalli,  a  un  temblor  detarminado 
y  confesamos  que  muy  a  menudo  vacilamos  mucho  en  fijar  el  grade  de  inteo^- 
dad  de  un  fen6meno  sfsmico  que  acaba  de  sacudlr  a  Santiago.  Con  mucha 
mayor  raz6n,  asf  sucederft  a  un  obserrador  que  no  sea  un  perito  en  sismologfa. 
Es  necesario  se  busque  el  mejor  modo  de  aplicar  prftcticamente  la  escala 
clAsica  y  nos  ha  baatado  suprimir  los  grades  de  intensldad,  ordenando  sui 
ef^os  en  una  serie  credente  y  continua.  El  observador  apuntarA  linica- 
mente  los  efectos  que  habrft  notado  el  mismo  o  de  que  habrft  tenido  notida 
por  personas  fidedlgnas. 

Siendo  evidente  que  los  terremotos  destructores  en  un  grade  pequefio  o 
grande  se  investigar&n  por  medio  de  comisiones  competentes  y  de  cnestionarloB 
a  prop6sito,  presdndimos  en  esta  lista  de  los  efectos  que  corresponden  a  los 
grados  superiores  de  la  escala  de  Mercalli. 

De  esta  manera  el  observador  no  tendr&  para  que  reflexionar  acerca  del 
grade  de  intensldad,  la  que  determinar&  la  ofldna  central  si8mol6gica  con  U 
competencia  requerida. 

Desde  hace  algunos  meses  terminamos  de  implantar  en  Chile  este  m^todo 
y  los  resultados  obtenidos  parecen  satisfactorios. 

Estamos  tan  aferrados  en  nuestra  opinion  acerca  de  las  Tentajas  de  un  s61ido 
sistema  de  observaciones  macrosi8mol5glcas  sin  aparatos,  que,  en  caso  de 
necesidad,  preferirlamos  suprimir  las  estadones  sismoldgicas,  pues  si  es 
verdad  que  faltarfa  la  determinacidn  del  tiempo  exacto  de  un  temblor,  no  se 
perderfa  nada  en  cuanto  a  la  repartici6n  geogr&flca*  de  la  instabilidad,  es 
dedr,  para  la  solud6n  del  problema  geol6gico. 

VI.   E8C0G1MIENT0   DE   LAS   ESTACI0NE8    8ISM0L6gICA8. 

No  bastard,  que  las  estadones  sismoWgicas  hayan  side  escogidas  de  modo  qoe 
sus  drculos  de  sensibilidad,  o  sus  Areas  de  vigilanda  se  intersecten  un  poco, 
48erft  menester  tener  en  cuenta  otras  circunstanciaa. 

No  es  derto  que  las  grandes  cadenas  de  montafias  dificulten  la  pwq?agaddn 
del  movlmiento  sismico  de  un  lado  al  otro  de  su  eje,  pero  la  aserd6n  es  ac^ 
tada  por  tantos  sism^logos  que  sertl  prudente  repartir  las  estadones  slsmol6- 
gicas  en  una  red  un  poco  m&s  densa  de  lo  que  seria  necesario  en  la  hip6tesi8  de 
que  el  hecho  no  sea  exacto. 

Por  otra  parte  ningdn  pals  aceptarA  que  una  parte  de  su  territorio  se  vlgile 
por  una  estaci6n  cercana  a  su  frontera,  pero  instalada  en  el  pals  adyacente. 

PodrAn  Intervenir  clrcunstancias  locales  relatlvas  al  personal,  a  la  ubicad<^ 
misma  de  la  estad6n,  etc. ;  de  modo  que  nuestro  proyecto,  segdn  se  describlri 
en  adelante,  deberA  tenerse  como  una  mera  y  previa  aproximaci6n. 
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Vn.   ESTADO   ACTUAL   DB   LAS   0BSEBTACI0NX8    8I8M0L6GICAB   KN    AMAbIOA. 

Sabiendo  que  las  regiones  verdaderamente  slsmicas,  o  sea  las  de  gran  instabill- 
dad,  pertenecen  todas  a  la  cresta  saliente  de  las  Montafias  Rocosas  y  de  la 
Cordillera  de  los  Andes,  es  dedr  colnclden  con  las  &reas  geoslndlnales  del 
Pacifico  y  de  las  Antlllas,  mlentras  que  el  resto  de  las  tlerras  americanas,  si 
exceptuamos  las  cercanfas  de  New  Madrid  (Missouri),  no  presents  sino  regiones 
peneslsmicas  y  asfomlcas,  una  prlmera  ojeada  dirigida  al  mapa  en  que  van 
apuntadas  las  47  estadones  sismol6gicas  abora  existentes,  nos  demostrar&  que  la 
red  actual  es  ya  bastante  satisfactoria.  En  realidad  y  por  varios  motivos,  no 
merece  esta  alabanza  el  estado  efectivo  de  la  organizaci6n  actual,  tal  como  se 
presents  en  aparienda,  o  sea  en  el  mapa  que  va  adjunto. 

Para  niimerosas  estadones,  si  en  verdad  conocemos  la  dase  del  ai^arato  sis- 
mogr&fico  empleado,  ignoramos  su  peso,  es  decir,  el  radio  de  su  vigilanda  para 
los  macrosismos. 

No  hay  duda  que  algunas  estadones  ban  cesado  de  funcionar  despute  de  una 
actividad  eflmera,  y  a  ia  inversa  es  probable  que  se  bayan  establecido  redente- 
mente  algunas  sin  que  tengamos  notidas  de  ellas. 

No  conocemos  tampoco  todos  los  boletines  respectivos  de  modo  que  no  podemos 
darnos  cuenta  cabal  del  valor  de  las  observadones  correspondientes  en  cuanto 
se  trate  de  conseguir  el  objeto  especial  y  blen  definido  que,  en  nuestra  opinion, 
debe  persegulrse  por  los  sism61ogos  del  Oongreso  de  Washington. 

De  todos  modos  nos  encontramos  en  la  Imperiosa  obligaddn  de  aprovechar 
en  lo  poslble  la  organizad6n  actual  a  pesar  de  su  relativa  incoherencia,  o 
mejor  dedr,  de  su  falta  de  uniformidad,  de  manera  que  agrupando  todas  las 
buenas  voluntades  en  las  regiones  donde  hay  exceso  aparente  de  estadones  y 
proponiendo  la  cread6n  de  nuevas  estadpnes  alll  donde  faltan  evidentemente, 
resulte  un  proyecto  barato  y  pr&ctico  de  asodad6n  panamericana  para  la 
observad6n  de  los  temblores.  En  otras  palabras  no  seria  cuerdo  presdndir 
de  lo  exlstente  con  el  objeto  de  reallzar  efectivamente  la  organizad6n  ideal 
que  hemos  deduddo  de  los  **  desideratas  "  antes  formulados. 

Volvamos  ahora  al  mapa  para  ezpouer  sucesivamente  la  red  actual  de  esta- 
dones sismol6gicas  y  el  modo  mas  &  prop6slto  para  completarla.  En  cada  caso 
estudiaremos  aparte  las  regiones  geoslndlnales  y  las  dem&s. 

• 

vm.  ssTACioNBS  8ISM0l6gigas  existentes.    instttutos  de  que  dependen. 

SU8  apabatos. 

Esta  lists  ha  sido  establecida  por  medio  de  la  obra  de  Merlin  y  Somville,*  a 
cuyos  datos  se  agregaron  Informadones  nuevas.  Ser&  probablemente  incom- 
pleta.  Son  47  estadones  repartidas  en  45  ciudades.  Se  describir&n  de  norte 
a  sur« 

A.   ■8TACI0NB8    8ITUAOA8    DSNTBO   DS   LAS   1RSA8    6SOBINCLINALS8. 

1.  Sitka.     Alaskli   T.    Coast   and   geodetic   Survey;    Magnetic  Observatory. 

Ptodulo  Bosch-Omorl. 

2.  Victoria   (British  Olumbia).    Meteorological  Service  of  the  Dominion  of 

Canada. 
Ptodulo  horizontal  Milne. 
8.  Mare  Island,  CaL,  United  States  naval  Observatory. 
Sism6grafo  Bosch-OmorL 

*'  Liite  des  obieryatoires  magn^tiqnes  et  dee  obfleiratoiret  sAraiologiaiies.  Obieryatolre 
royal  de  Belglque.     Service  astronomiqne.    Bruzelles,  1010. 
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4.  Berkeley,  Gal.,   Students'   Observatory  of  the  Unly^rslty  of    CSaUfomla. 

Berkeley  Astronomical  Department 
Slsm6grafo  Bwlng. 
Duplex. 

5.  San  Jo8^  OaL,  Univ^sity  of  the  Pacific. 
Sism6grafo  Ewlng. 

d.  Santa  Clara,  Cal.,  UniTersity  of  Santa  Clara. 

Wiechert  de  80  kil<)gramoe. 
7.  Mount  Hamilton,  CaL,  Lick  Observatory  of  the  University  of  Galifomia. 

Sism^graf o  de  la  Cambridge  Scientific  Society. 

Un  pequefio  diQilez. 
a  Salt  Lake  City,  Utah,  University  of  Utah. 

Sismdgrafo  Bosch-OmorL 
9.  Tacubaya,  Mexico,  Observatorio  astron6mico  nacionaL 

Bosch-Omori  de  15  kil^gramos. 

10.  La  Habana,  Observatorio  del  Colegio  de  Bel6n.    S.  J. 
P^ndulo  Bosch-OmorL 

11.  Trinidad,  Cuba,  Saint  Clair  Experiment  Station,  Botanical  Department. 
P^dulo  horizontal  Milne. 

12.  Puerto  Principe,  Haiti,  Observatorio  de  la  Sodedad  astron^mica  y  xneteo- 

rol6gica  del  Institute  San  Luis. 
Sism6grafo8  Guzzanti  de  varies  tamafios. 
12  bis.  Puerto  Principe,  Haiti,  Observatorio  meteoroldgico  del  Colegio  y  Semi- 
nario  San  Marclal. 
Bosch-Omori  de  71  kil6gramos. 
18.  Viequez,  Porto  Rico  Magnetic  Observatory. 
P^ndulo  horizontal  Bosch-OmorL 

14.  Morne  des  Cadets,  La  Martinique. 
Bosch-Omori  de  11  kll6gramos. 
Sism6grafo  Cecchi. 

15.  Guatemala,  Observatorio  meteoroldgico. 
Wiechert 

Bosch-Omori. 

16.  San  Salvador,  America  Central. 
Sism^grafo  Ewing. 

17.  Punta  Arenas,  Costa  Rica,  Centre  de  Bstudios  Sismol6gico8. 
Ptodulo  horizontaL 

18.  San  Jos^  de  Costa  Rica,  Universidad  Nadonal. 
Sism^grafo  Swing. 

Duplex. 
P^ndulo  trifllar. 

AdemAs,  el  centre  de  estudios  sismol6gicos  de  Costa  Rica  tiene  instaladcw 
otros  p^ndulos  trifllares  en  Heredia,  Alajuela,  San  Carlos  y  Barra  del 
Colorado. 

19.  PanamA,  Isthmian  Canal  Commission,  Ancon  Observatory. 
Bosch-Omori  de  100  kil6gramos. 

20i  Quito.    Observatorio  astron6mico  y  meteoroldgico. 
Sismometr6grafo  Agamennone  de  200  kil6gramos. 

21.  Lima.    Estaci6n  SismoI6gica  de  la  Sociedad  de  Geografla. 
P^ndulo  horizontal  Milne. 

22.  Tacna.    Servicio  Si8mol6gico  de  Chile. 
Wiechert  de  ISO  kil6gramos. 

28.  La  Paz.    Colegio  San  Callxto.    S.  J. 

P^ndulo  horizontal  bifilar  de  2000  kil6gramos.    N.  S. 
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P^dulo  horizontal  bifllar  de  450  kildgramos.    B.  W. 
(Ambos  del  modelo  NaTarro-Neumann,  segtin  creemos.) 

24.  Oopiap6.    Seryicio  Sismoldgico  de  Chile. 
Wiechert  de  180  kil^gramos. 

25.  San  Juan.     Argentina.     Estaci6n  Sfsmico-meteoroldgica  del  Observatorio 

astron^mlco  de  La  Plata. 
Sism6grafo  Oollo  de  120  kil^gramOB. 

26.  Mendoza.    Ministerlo  de  Agricultura :  Divisidn  de  Minas,  Geologfa  e  Hidro- 

logfa.    E8taci6n  sismlca  de  la  Bscuela  de  Vinicnltura. 
BoBch-Omorl  (pequefio). 

27.  Santiago.    Servicio  Sismol6gico  de  Chile. 
BoBch-Omori  de  100  kii^gramos. 
Wiechert  de  180  kildgramos. 

Ptodnlo  card&nico  de  150  kil^gramos. 
Stiattessi  de  900  kil6gramo8. 

28.  Osorno.    Servicio  Sismol6gico  de  Chile. 
Wiechert  de  180  kil6gramo8. 

B.  SSTAOIONBS  SFTUADAS  FDEBA  DB  LAS  AmEAB  GBOBINGLINALBB. 

29.  Disko.    Qroenlandia.    Danske  arktische  Station. 

Bosch-Omori  de  100  kil^^gramos.     (Prettado  por  la  Asodaci^n  sismoldgica 
IntemadonaL) 

80.  Toronto,  central  office,  Meteorological  Service  of  Canada. 
Sism^grafo  Milne. 

81.  Ottawa,  Dominion  Astronomical  Observatory. 
Sism6grafo  fotogrdfico  Bosch  de  100  kildgramos. 

82.  Bath,  Me.,  Estaci6n  particular. 
P^ndulo  Bosch-Omori. 

88.  Cambridge,  Mass.,  Harvard  Seismographic  Station  of  the  Museum  University. 
Ptodulo  Bosch-Omori. 

84.  New  Haven,  Conn.,  Yale  University. 
Ptodulo  Bosch-Omori. 

85.  Albany,  N.  Y.,  State  Museum. 
Bosch-Omori  de  11  kil6gramos. 

88.  Baltimore,  Geological  Laboratory  of  the  Johns  Hopkins  University. 
Sism6grafo  Milne. 
P^ndulo  Bosch-Omori  de  10  kil^6gramo6. 

87.  W^hington,  D.  C,  Department  of  Research  in  Terrestrial  Magnetism,  Car- 

negie Institution. 
Bosch-Omori  de  100  kil6gramos,  modiflcado  por  Marvin. 
87&i«.  Washington,  D.  C,  Department  of  Geology  of  the  Georgetown  University. 
Wiechert  de  200  kil6gramos. 
Mainka  de  180  kil6gramos. 
Bosch-Omori  de  25  kil^gramos. 

88.  Cleveland,  Ohio,  Meteorological  and  Seismological  Observatory  of  Saint  Ig- 

natius  College,  S.  J. 
P^ndulo  Omori. 
Sism6grafo  el^ctrico. 
P^ndulo  Hengler. 

89.  Ann  Arbor,  Mich.,  University  of  Michigan. 
P^ndulo  Bosch. 

Ptodulo  Wiechert. 
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40.  San  Lois,  San  Luis  University,  Jesuit  Seismological  Service  of  the  Eartb- 

quake  Station. 
Wiech^t  de  100  kil^gramos. 

41.  Rio  de  Janeiro,  Cerro  del  Castillo,  Observatorio  NacionaL 
Bosch-Omori  de  15  kil^gramos. 

Wiechert  de  120  kil6gramos. 

42.  Montevideo,  Observatorio  NaciOnaL 
Sism6grafo  Vicentini. 

4S.  La  Plata,  Observatorio  Astron6mico  de  la  Universidad  NacionaL 
Microsism^grafo  VicentinL 
P^nduloB  horizontales. 

44.  Ghacarita,  Estaci6n  Meteorol6gica  de  Buenos  Aires. 
Sism6grafo  Milne  (Modelo  de  1004). 

45.  El  Pilar  (Cordoba),  Oficina  Meteorol6gica  Argentina. 
Ptodulo  horizontal  Milne. 

IX.   BED  PBOPUBSTA  DE  ESTACI0NE8  MACB06I6M0L60ICA8. 

NoTA. — Se  aprovecha  en  lo  posible  las  estaciones  actuales  y  se  pr<^ponen  modi- 
flcaciones  a  sus  aparatos  cuando  parece  necesario. 

A.  ESTACIONES  DENTBO  DE  LAB  ISBAS  OBOSINCLIN ALES. 

La  cuenca  del  Yukon  parece  muy  eetable,  mientras  que  el  suroeste  de  Alaska 
y  el  archipielago  Aleutiano  son  a  lo  menos  penesismicos.  En  estas  vastas  re- 
giones  poco  pobladas  todavfa  y  hjladas,  faltan  centros  cientificos.  Asf  no  se 
podr&  pensar  en  establecer  varias  estaciones  Wiechert,  a  lo  menos  que  sepamos, 
Se  impone  pues  un  p^ndulo  Bosch-Omori  de  100  kil6gramos  que  vigile  toda  la 
region.  Pero,  en  cuanto  a  determinar  su  ubicaci6n  no  tenemos  atin  formada 
flrmemente  nuestra  opinion.  Sin  embargo,  puesto  que  dos  cables  U^^an  a  Port 
Valdez  (Prince  William  Sound)  es  de  suponer  que  serf  a  bien  escogido  este 
punto;  tiene  la  ventaja  de  encontrarse  en  la  prozimidad  de  Yakutat  Bay,  un 
Oentro  sfsmico  de  primera  importancia. 

No  sabemoi;  si  la  estaci6n  de  Sitka  eziste  todavfa  e  ignoramos  cu&l  es  el  peso 
del  Bosch-Omori  que  posee.  Puede  ser  tambi^n  que  Juneau  sea  m&s  a  prop6sito 
para  una  estaci6n  sismol6gica  en  estas  regiones.  Pero,  de  todos  modes 
el  cfrculo  de  sensibilidad  de  Port  Valdez  intersectarft  el  del  p^ndulo  horizontal 
Milne  instalado  en  Victoria  de  Vancouver. 

Deben  eliminarse  los  Sism6grafos  Ewing  de  Berkeley  y  de  San  Jos^.  Por 
otra  parte  no  conocemos  el  valor  del  Sism6grafo  de  la  Cambridge  Scientific 
Society  instalado  en  Mount  Hamilton  ni  tampoco  el  peso  del  Bosch-Omori  de 
Salt  Lake  City,  de  modo  que  no  podemos  emitir  una  opinion  fundada  sobre  el 
estado  actual  de  la  vigilancia  sismol6gica  en  esta  parte  del  territorio  norte- 
americano,  costas  del  Pacfflco,  depresi^n  del  Utah  y  vertientes  orientales  del 
macizo  de  las  Montafias  Rocosas. 

Si  los  sismdlogos  del  Congreso  participasen  de  nuestra  preferencia  respecto 
al  Wiechert  de  180  a  200  kil6gramos,  entonces  con  el  objeto  de  evitar  la  inter- 
venci6n  de  la  estaci6n  canadiense  de  Victoria,  se  impondrfa  la  instalaci6n  de 
p^ndulos  de  este  modelo  en  Portland  o  Salem,  en  una  de  las  5  estaciones  actuales 
de  las  cercanfas  de  San  Francisco,  y  adem&s  en  Los  Angeles,  Virginia  City, 
Boise  City  o  Helena,  Santa  F6  o  Albuquerque. 

Con  tener  Mexico  solo  un  Bosch-Omori  de  15  kil6gramos  en  el  observatorio 
de  Tacubaya,  puede  decirse  que  falta  por  complete  la  organizaci6n  necesaria, 
pues  no  se  ha  ejecutado  todavfa  el  plan  decretado  en  abril  de  1006  a  instigaci6n 
del  instituto  geol6gico.    Dentro  de  este  plan  tan  grandiose  que  lo  tenemos  por 
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Irreallzable  y  de  las  52  estaciones  de  tercer  orden,  presupuestas  cada  una  con 
an  Wiechert  de  200  kil6gramos,  conservaremos  solo  las  que  son  necesarias  para 
la  organizacidn  panamericana,  es  declr  las  de  Guaymas,  Monterrey,  Guadalajara 
y  Tehuantepec  o  tal  vez  mejor  Puerto  Salina  Cruz.  Una  estaci^n  en  la  Capital 
no  se  proyecta  porque  no  es  un  centro  sismico  propiamente  dicho.  Ademfts  es 
Intktil  vigilar  Yucat&n  donde  no  tlembla  nunca. 

Un  Wiechert  de  180  kil6gramos  en  Tegucigalpa  bastarla  para  las  cinco 
reptkblicas  de  Oentro-Am^rica,  pero  no  serfa  16gico  instalar  una  estaci6n  sis- 
mol6gica  precisamente  en  Honduras,  o  sea  en  la  que  tiene  un  suelo  m&s  firme. 
Adem&s  parece  probable  que  una  organizaci6n  comtkn  tropezarla  con  dificultades 
puramente  polfticas.  EjU  fin  ser&  suflciente  se  doten  las  estaciones  actuales 
de  Guatemala,  San  Salvador  y  San  Jos^  de  p^dulos  Wiechert  de  180  kildgramos, 
dicho  esto  porque  ignoramos  el  peso  de  los  aparatos  ahora  instalados  en  Guate- 
mala y  Costa  Rica  y  en  el  concepto  de  que  no  aceptamos  el  Bwing  de  San 
Salvador. 

Lo  mismo  que  en  Centro- America  se  tropezar&  para  las  Antillas  con  obst&culos 
pollticos,  porque,  trat&ndose  de  una  organizaci6n  llamada  panamericana,  no 
serfa  16gico  partidpen  en  ella  los  gobiernos  europeos  interesados  por  sus  colonias 
y  tal  vez  esos  gobiernos  no  aceptarfan  f&cilmente  entrar  en  ella.  Asf  se  elimina 
la  estaci6n  de  La  Martinica,  si  por  acaso  sigue  funcionando,  lo  que  ignoramos. 
La  estaci6n  de  Trinidad  de  Cuba  con  su  p^ndulo  Milne  puede  conservarse. 
En  cuanto  a  la  estacidn  de  Viequez  bastar&  que  se  la  dote  de  un  Wiechert  de 
180  kil6gramos,  si  por  acaso  su  actual  Bosch-Omori  es  de  los  modelos  pequefios, 
lo  que  no  sabemos. 

Las  Antillas  pequefias  y  Venezuela  oriental  se  vlgilarAn  muy  blen  por  medio 
de  un  Wiechert  de  180  kil6gramos  en  Cuman&,  o  mejor  en  Cartipano.    Maracaibo,  - 
con  un  Wiechert  de  180  kil6gramos,  completar&  la  vigilanda  del  resto  de 
Venezuela. 

Siendo  probable  que  Colombia  no  aceptarla  ser  tributaria  del  Bosch-Omori 
de  100  kil6gramos  instalado  en  AncOn,  Panama,  ser&  necesario  se  coloque  un 
Wiechert  de  180  kil6gramos  en  Santa  F4  de  Bogota. 

A  las  Antillas  corresponde  en  el  Pacffico  el  archipi^lago  de  las  islas  Gala- 
pagos. Su  origen  es  volcdnico.  Por  ambos  motivos  es  necesario  se  establezca 
en  61  una  estaci6n  Wiechert  de  180  kildgramos,  siendo  probable  que  se  la  podrA 
confiar  al  personal  del  presidio  ecuatoriano.  La  colocamos  en  la  isla  mayor,  o 
sea  la  de  Albemarle,  por  ignorar  en  cual  isla  se  encuentra  la  poblaci6n  m&s  a 
prop6sito. 

El  Agamennone  de  200  kil6gramos  de  Quito  nos  parece  miflciente  para  el 
Ecuador  interandino. 

No  se  ha  comprobado  todavfa  de  una  manera  absoluta  que  las  cadenas 
de  montafias  de  gran  masa  y  alto  relieve  diflcultan  y  atentian  notablemente 
la  propagaci6n  del  movimiento  sfsmico.  Empero  siendo  necesario  tener  en 
cuenta  la  posibilidad  del  hecho,  aconsejamos  la  instalaci6n  de  p^ndulos 
Wiechert  de  180  kil6gramos  en  Baud6  (Cauca)  y  en  Puerto  Vlejo  de  Manta 
(Manabi).  Asf  se  vigilar&n  bien  las  costas  colombianas  y  ecuatorianas  del 
Pacifico,  cuyas  condiciones  sismol6gicas  hasta  entonces  completamente  desco- 
nocidas  ban  sido  reveladas  por  el  terremoto  destructor  del  31  de  enero  de 
1906. 

El  horizontal  Milne  de  Lima  no  vigila  blen  el  norte  del  F&rt  ni  las  pendientes 
amazdnicas  del  mismo  pais.  Aconsejamos  pues  la  instalacidn  de  un  Wiechert 
de  180  kil^gramos  en  Moyabamba  o  Chachapoyas. 

Toda  Bolivia  est&  en  buenas  condiciones  de  vigilancia  sismol6gica  por  medio 
de  la  estaci6n  de  La  Paz.  En  cuanto  a  las  observaciones  macrosismlcas 
directas  de  Bolivia,  tememos  que,  por  la  escasez  de  centros  importantes,  se 
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tropiece  con  grandes  dlflcultades.  Para  salvarlas  proponemos  se  Ingtalen 
p^ndulos  Bosch-Omori  de  5  o  de  10  kil6gramos  en  Cochabamba,  Santa  Cruz 
de  la  Sierra,  Sucre  (Ghuquisaca)  o  Potosf,  Tuplza  y  Tarija.  Si  eziste 
efectivamente  la  dlflcultad  antes  aludida,  no  vemos  c6mo  de  otva  manera 
podrfan  descubrlrse  los  pormenores  de  la  repartici6n  sfsmlca  en  Bolivia. 

Bs  posible  que  Perd  no  acepte  ser  tributario  de  este  pals  y  es  derto  que 
no  admitir&  serlo  de  Chile,  de  modo  que  siendo  mal  vlgilado  el  sur  de  aquei 
pais  por  el  sism6grafo  de  Lima,  se  deduce  la  necesidad  de  una  estacl6n  en 
Arequipa.  Por  este  motivo  serfa  muy  deseable  que,  en  el  Harvard  Arequipa 
Observatory,  se  sustituya  un  Wiecfaert  de  180  kil6gramos  al  sismoscopio  que 
funciona  por  ahora. 

Chile  no  tiene  nada  que  cambiar  en  su  actual  organizacidn.  Notaremos 
solamente  que  hemos  decidido  no  instalar  el  Wiechert  de  Punta  Arenas  porque, 
asf  como  segdn  lo  que  hasta  hoy  sabemos,  no  tiembla  casi  nunca  en  los  terri- 
torios  magall&nicos  sean  chilenos,  o  argentinos. 

Las  estaciones  actuales  de  Mendoza  y  de  San  Juan  vigilan  las  pendientes 
andinas  de  Argentina,  pero  en  condiciones  cuyo  grado  de  preciai6n  ignoramoe. 
Por  otra  parte  debemos  prescindir  del  p^ndulo  horizontal  Milne  instalado 
en  El  Pilar  (Cordoba)  porque  no  conocemos  su  peso,  es  dedr,  su  radio  de 
sensibilidad  y  tambi^n  porque  las  observaciones  correspondientes  que  tenemos 
a  la  vista  no  mencionan  el  registro  de  ningtin  macrosismo  desde  varios  afios. 
Adem&s,  de  las  escasas  publicaciones  de  Mendoza  y  de  San  Juan,  de  cuyos 
aparatos  ignoramos  el  radio  de  sensibilidad^  se  deduce  que  la  actual  vigllanda . 
de  la  region  sfsmlca  comprendida  entre  San  Carlos  y  Jujuy  u  Or&n,  casi  no 
eziste.  Teniendo  en  cuenta  tambito  la  posibilidad  de  que  los  temblores 
argentinos  se  atenden  notablemente  al  encontrar  su  propagaci6n  hacia  Chile 
el  obstdculo  de  la  Cordillera  y  suponiendo  que  Argentina  no  aceptase  depender 
de  este  pals  respecto  a  obs^vaciones  sismoldgicas,  se  impone  la  instaladdn 
de  p^dulos  Wiechert  de  180  kil6gramos  en  Mendoza  y  en  Tucum^n. 

Es  posible,  no  diremos  probable  en  el  estado  actual  de  nuestros  conodmien- 
tos,  que  exists  una  region  sfsmlca  de  pequefia  extension  en  el  Chaco.  Su 
vigilancia  podr&  conflarse  al  Paraguay,  bastando  para  esto  un  Wiechert  de 
180  kildgramos  en  Concepci6n  o  San  Salvador. 

B.   ESTACIONES  FUEBA  DE  LAS  IbEAS  GBOSINCLINALBS. 

Las  condiciones  asfsmicas  bien  comprobadas  de  las  tierras  &rticas  de  AmMca 
y  de  la  mayor  parte  del  "Bouclier"  canadiense  (New  Foundland«  Labrador, 
Bahfa  de  Hudson  y  Cuenca  del  Mackenzie)  permiten  se  ahorren  estaciones 
8ismol6gicas  en  estos  vastos  territorios  y  se  prescinds  de  la  estaci6n  temporal 
instalada  en  la  isla  de  Disko  por  la  Asociaci6n  Int^nadonal  de  Sismologfa. 
No  nos  interesa  tampoco  la  estad6n  de  Reykiavik,  porque  Islandla  no  puede 
considerarse  como  una  tierra  americana. 

El  bajo  San  Lorenzo  (Canad&)  y  los  estados  de  la  Nueva  Inglaterra  con- 
stituyen  una  regi6n  penesfsmica.  En  la  vasta  &rea  correspondiente  ezlsten  10 
estadones  provistas  de  varios  aparatos.  Opinamos  que  tocar&  al  congreso  de 
Washington  determinar  las  que  deber&n  utilizarse  para  la  vigilancia  sismo- 
lagica  panamericana.  Sin  embargo,  creemos  conveniente  se  instale  un  Wiechert 
de  180  klldgramos  en  Charleston  para  vigUar  mejor  la  region  sfsmica  corres- 
pondiente y  la  parte  sur  de  los  AUeghanys. 

Ignorando  cual  es  el  peso,  6  sea  el  radio  de  sensibilidad  de  los  aparatos  que 
fundonan  en  Ann-Arbor,  no  sabemos  si  la  peninsula  de  Eeeweenaw  estft  por 
ahora  sufidentemente  vigilada.  Si  no  fuera  asf,  se  impondrfa  un  Wiechert  de 
180  kil6gramo8  en  esta  Universidad. 
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El  Wlechert  de  100  kildgramoB  de  la  Universidad  de  San  Luis  es  suficieDte 
IMura  la  regi6n  sfsmica  de  New-Madiid«  Pero  no  basta  en  cuanto  se  trata  de 
las  regiones  penesfsmlcas  de  las  montafias  del  Ozark,  del  Ohio  y  del  Tennessee. 
Si  no  se  instala  nn  Bosch-Omori  de  100  kil6gramo8  en  San  Luis,  aconsejamos 
se  establezcan  p^dulos  Wlechert  de  180  kil6gramo8  en  Little  Rock,  Nashville  y 
Cincinnati,  complet&ndose  esta  vigilancia  por  medio  de  la  actual  estaci6n  de 
Cleveland,  a  pesar  de  que  ignoramos  el  radio  de  sensibilidad  de  sus  aimratos. 

El  resto  del  territorio  norteamericano  no  necesita  otras  estadones. 

No  seria  raro  que  exista  alguna  region  penesfsmica  en  el  alto  Orinoco,  o  sea 
en  las  cercanfas  de  la  Sierra  de  Parima,  a  lo  menos  lo  dejan  sospechar  algunas 
observaciones  antiguas.  Por  este  motivo  proponemos  un  p^ndulo  Wlechert  de 
180  kil6gramo6  en  Esmeralda  si,  por  acaso,  es  posible  su  instalacidn. 

Existe  en  las  Guayanas  una  region  penesfsmica  de  poca  importancia.  Un 
Wlechert  de  180  kil6gramos  en  Paramaribo  bastaria  para  la  vigilancia  re- 
querida.  Dejamos  al  criterio  del  Congreso  la  soluci6n  del  problema  porque 
serla  necesaria  la  intromisi6n  de  tres  paises  europeos,  Inglaterra,  Holanda  y 
Francia. 

Por  el  momento  no  creemos  sea  posible  se  vigilen  los  vastos  territorios 
amazdnicos  cuya  asismicidad  es  casi  cierta.  Sin  embargo  seria  tal  vez  con- 
veniente  se  instale  un  Bosch-Omori  de  100  kil6gramos  en  Manaos. 

Se  sospecha  la  existencia  de  una  region  peneslsmica  en  Matto  Grosso.  No 
seria  inoportpno  instalar  un  Wlechert  de  180  kil6gramos  en  Diamantlna  o  en 
Cnyaba. 

La  regi6n  sismica  de  Bom  Successo  impone  la  necesidad  de  un  Wlechert  de 
180  kil6gramos  en  el  centro  de  estas  minas. 

Puede  ser  que  se  crea  m&s  pr&ctico  sustituir  a  los  Wlechert  de  Diamantlna 
o  Cuyaba  y  de  Bom  Successo,  un  Bosch-Omori  de  100  kil6gramos  en  Goyaz. 
No  tenemos  opini6n  deflnida  al  respecto. 

JjoB  actuales  aparatos  de  Rio  Janeiro  aseguran  sufidentemente  la  vigilancia 
de  la  comarca,  y  en  cuanto  al  resto  del  Brasil,  pensamos  que  nada  debe  hacerse 
hasta  que  se  manifleste  algtin  centro  sismico,  lo  que  consideramos  improbable. 

Las  estaciones  de  Montevideo,  La  Plata  y  Chacarita  no  corresponden  a  una 
verdadera  necesidad  en  cuanto  se  trate  de  observer  macrosismos,  porque  son 
rarfsimos  en  estos  parajes,  lo  mismo  que  m&B  al  sur  hasta  el  Cabo  de  Homos. 

Las  observaciones  sismoldgicas  hechas  por  la  exi>edici6n  Charcot  en  la  Isla 
Decepcidn  demuestran  la  asismicidad  de  lo  que  podrfa  llamarse  la  porci6n 
americana  de  la  Ant&rtida.  Sin  embargo,  dada  la  brevedad  del  tiempo  que 
duraron,  no  seria  inoportuno  que  la  oflcina  meteorol6gica  argentina  instalase 
un  Bosch-Omori  en  su  estaci6n  permanente  de  las  Orcadas  del  Sur. 

X.   USTA  DE  LAS  ESTACIONES  NUEVAS  O  EVEITTUAUE8. 

De  la  forma  dubitativa  en  que  nos  hemos  expresado  varias  veces  en  el  articulo 
anterior,  se  deduce  la  obligaci6n  de  denominar  eventuales  las  estaciones  nuevas 
que  proyectamos.    Su  lista  va  a  continuacion. 

A.  B8TACI0NS8  DBNTHO  DE  LAS  IBBAS  QBOSINCLINALBS. 

46.  Port  Valdez. 

47.  Portland  o  Salem. 

48.  Helena. 

49.  Boise  City. 

50.  Virginia  City. 
01.  Los  Angeles. 
52.  Guaymas. 
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53.  Guadalajara. 

54.  Tehuantepec  o  Sallna  Cruz. 

55.  Oamipano  o  Cuman&. 

56.  Maracalbo. 

57.  Baud6. 

58.  Santa  F4  de  Bogota. 

59.  Puerto  VJeJo  o  Manta. 

00.  Chachapoyas  o  Moyabamba. 

61.  Arequipa. 

62.  Gochabamba. 

63.  Santa  Cruz  de  la  Sierra. 

64.  Sucre  (Ohuquisaca)  o  Potosf. 

65.  Tarija. 
68.  Tupiza. 

67.  Tucum&n. 

B.   E8TACI0NES  FUERA  DE  LAS  IbEAS  GB0SINCLINAIJB8. 

68.  Charleston. 

69.  Nashville. 

70.  Little  Rock. 

71.  Santa  F6  o  Albuquerque. 

72.  Monterrey. 

73.  Isla  Albemarle  (Gal&pagos). 

74.  Esmeralda. 

75.  Paramaribo. 

76.  Manaos. 

77.  CearA  o  Aracaty. 

78.  Diamantina  o  Ouyaba. 

79.  Goyaz. 

80.  Bom  Successo. 

81.  San  Salvador  o  Concepcidn. 

82.  Orcadas  Meridionales. 

XI.  fubijcact6n  de  lab  obsesvacionbs  nacionalbs. 

Cada  pais  establecerA  una  oflcina  central  slsmol6gica  encargada  de  centralizar 
las  observaciones  nacionales  y  de  publicarlas  en  un  boletfn  anual.  Opinamos  que  la 
mejor  forma  es  la  del  Boletfn  de  la  Sociedad  Sismol6gica  Italiana ;  pero,  tenemos 
por  absolutamente  necesario  se  la  complete  por  medio  de  los  cartogramas.de 
los  temblores,  cuya  Area  de  sacudlmiento  sensible  pasa  de  200  kildmetros,  un 
punto  importantfsimo. 

Te6ricamente  hablando,  deberfa  publicarse  en  cada  afio  el  Boletfn  de  las 
observaciones  del  afio  anterior.  A  consecuenda  de  varias  circunstancias,  la 
pr&ctica  demuestra  que  este  plazo  es  demasiado  corto  y  que  es  necesario  sea 
de  dos  afios,  siendo  meJor  se  alargue  para  poder  exigir  su  cumplimiento. 

xn.  fublicaci6n  de  un  besvmen  general  de  las  obsebvaciones  nacionales. 

Se  impone  la  publicaci6n  de  un  resumen  general  y  comtln  de  las  observaciones 
nacionales,  y  esto  con  tanta  mayor  fuerza,  cuanto  que  en  numerosos  casos,  los 
boletines  particulares  no  contendr&n  el  conjunto  de  las  observaciones  relativas 
a  un  mismo  temblor,  cada  vez  que  su  Area  de  sacudlmiento  sensible  haya  tras- 
pasado  las  fronteras  de  pafses  limftrofes. 
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Pensamos  que  no  8er&  diffcil  encontrar  algona  grande  y  rica  Universidad 
que  se  encargoe  de  esta  pablicaci6n  y  hasta  ac^te  costearla.  Nos  permltimos 
hacer  la  lndicaci6n  que  la  "  Selsmologlcal  Society  of  America"  redacte  este 
reQumen  y  que,  por  consigulente,  la  costee  la  Leland  Stanford  University, 
8i  por  acaso  no  se  obtuviesen  f&cilmente  las  cuotas  de  todos  los  Estados. 

nn.    NXOESIDAD    DB    UIVA    UBQISLACI6n    DB    EDILIDAD    ANTISfSMICA    EN    TODOS    LOS 
PAIsES   DB   SUELO   INBSTABLE   DB   AM^BICA. 

En  lo  que  nos  toca,  tendremos  por  muy  deficiente  la  obra  del  Oongreso 
de  Washington  en  cuanto  se  trate  de  Sismologfa,  si  despu^  de  haber  organl- 
sado  la  vigilancia  sfsmica  de  las  tierras  americanas,  no  intenta  Implantar 
en  todos  los  palses  de  suelo  inestable  del  Nuevo  Mundo  una  legislaci6n  de 
defensa  contra  los  terremotos.  Todos  los  sism61ogos  sabemos  que  ahora  el 
problema  ttoiico  de  las  construcciones  asfsmicas  estd  resuelto  por  complete. 
Pensamos,  pues  que  la  rutina  es  el  principal  obst&culo  que  hasta  la  fecha  ha 
impedido  a  pueblos  amenazados  constantemente  por  el  peligro  sismico  defenderse 
eficazmente  contra  €i.  Si,  a  pesar  de  nuestros  esfuerzos,  no  hemes  logrado 
obtener  que  en  Chile  se  edicte  un  reglamento  de  edilidad  antisfsmica,  a  lo 
menos  abrigamos  la  esperanza  de  que  una  autoridad  m&s  fundada  como  la 
del  Oongreso  de  Washington,  pueda  convencer  &  los  palses  interesados  de  que 
se  trata  de  una  necesldad  humanitaria  muy  Imperiosa. 

No  serfs  16gico,  ni  aceptable,  que  una  comisi6n  Sismol6gica  del  Oongreso 
prescinda  del  problema. 

XIV.  ANEZO.      INSTBUCCIONES  FBAcTICAS  DEL  SEBVICIO   SISM0L6gI00  DE  CHILE. 

Las  instrucciones  del  Servido  Sismol6gico  presentan  algunas  particulari- 
dades  y  si  no  creemos  que  deberfan  servir  de  modelo,  a  lo  menos  podemos 
afirmar  que  son  realmente  pr&cticas.  Por  estos  motives  las  presentamos 
al  Oongreso. 

Llamar&  la  atenci6n  la  supresi6n  de  las  observaciones  relativas  a  la  direc- 
ci6n  de  un  temblor.  Oomo  otros  varies  sismdlogos,  creemos  que  se  trata  de 
una  impresi6n  puramente  subjetiva  de  los  sentidos  del  hombre.  Ora  en 
casa,  ora  en  campo  abierto,  depende  principalmente  de  la  orientaci6n  de  las 
murallas  maestras  del  ediflcio  o  de  los  estratos  del  subsuelo.  Asf  resulta 
ilusorio  apuntar  un  date  que  en  realldad  no  tiene  relaci6n  alguna  con  el 
fen6meno  sismico.  Deberfa  reemplazarse  por  la  elongaci6n  mdxima  de  cada 
temblor,  pero  es  ^te  un  elemento  que  puede  determinarse  s61o  por  los  sis- 
mogramas. 

INSTBUCCIONES  FBACTICAS  DEL  SEBVICIO  8ISMOL6gIOO  DB  CHILE  PABA  LA  OBSEBVA- 

CI6n    DB    LOS    TEMBLOBBS. 

Articulo  /.  Cuadro  menaual. 

Oada  primer  dia  del  mes,  los  observadores  mandar&n  el  cuadro  del  mes 
precedente,  a  la  oficina  central  del  Servicio  Sismol6gico.  Harftn  esto,  aunque 
no  hayan  sentido  temblor  alguno. 

Los  observadores  apuntar&n  cada  temblor  en  el  cuadro  mensual  inmediata- 
mente  despu^  de  que  se  ha  producido. 

Art  II,  Hora  de  un  temblor. 

No  se  olvidar&  la  menci6n  A.  M.  (de  media  noche  a  medio  dia)  o  la  de  P.  M. 
(de  mediodfa  a  media  noche.) 

Si  los  observadores  tienen  la  costumbre  de  arreglar  frecuentemente  su  reloj 
por  el  del  ferrocarril  o  del  tel^afo,  lo  indicarftn  explfcitamente  en  su  cuadro 
mensual. 


668       FBO0BSDING6  SBOOND  PAN  AMEBIOAN  8CIBNT[FIO  OOHGBBS8. 

Art.  III.  Duraci&n  de  un  temblor. 

Se  expresard  en  segundos  86I0  en  el  caso  de  que  el  obs^rrador  la  bayt 
medido,  desde  el  prindpio  hasta  el  fin  del  moYimiento  sensible  del  temblor, 
reloj  en  mano,  con  el  segondero  de  sa  reloj. 

Art.  rv.  DireooUin  de  im  tenMor. 
No  se  Indlcarft  nnnca. 

Art.  V.  Inteiuidad  de  nn  temblor. 

No  se  lndicar&  nunca,  porque  se  determlnar&  en  la  ofldna  central  por  medio 
de  las  anotaciones  de  que  se  trata  en  el  artfcolo  VIII. 

Se  prohiben  las  expresiones  d^il,  fuerte,  regular,  etc. 

Art.  VI.  Fen6meno9  partiotUarea. 

Si  por  acaso,  con  ocasi6n  de  on  temblor  se  produce  algun  fendmeno  especial 
que  habr&  Uamado  la  atencidn  del  Observador,  ^te  lo  apuntar^  pero  00a 
especial  cuidado  de  describirlo  con  toda  precision. 

Si  no  lo  presenci6  personalmente,  dejar&  constancia  del  becho. 

Anotar&  cuidadosamente  si  se  produjo  con  anticipaci6n,  en  coincidenda 
ezacta  o  con  atraso  respecto  al  temblor,  pero  en  todo  caso  indicar&  ezactamente 
el  tiempo  que  babr&  trascurrido  entre  ambos  fen6menos,  antes  o  despot  del 
temblor. 

Art.  VII,  Deacripcidn  de  un  temblor. 

En  la  mayorfa  de  los  casos,  bastard  que  la  bora  del  fendmeno  vaya  acom- 
paflada  de  las  letras  de  acuerdo  con  el  cuadro  de  anotaddn  que  va  adjonto. 

Art.  VIII.  Otras  informaoione*. 

Es  un  deber  imprescindible  de  los  observadiures,  interrogar  a  sus  vednos  7 
relaciones  con  el  objeto  de  controlar  completar  sus  propias  impresiones. 

Art.  IX.  Observddorea  impoaibUitadoa. 

Si  por  un  motivo  u  otro,  un  observador  se  encuentra  imposibilitado  para 
cumplir  con  sus  obligadones  (enfermedad,  licenda,  vacadones),  le  toca  en- 
cargar  las  obserradones  a  otra  persona  que  escogerd  a  su  juicio. 

Si  se  prolongara  indebidamente  esta  situaddn,  se  aylsarA  a  la  Oficlna 
OentraL 

Art.  X.  Eataeionea  jni}viataa  de  apc^nUoa. 

Los  observadores  de  las  estadones  proTlstas  de  un  sismdgrafo  suministrardn 
el  cuadro  mensual  de  los  temblores  como  los  demds. 

Los  observadores  de  las  estadones  provistas  de  un  sismoscopio  suministrardn 
el  cuadro  mensual  tambi^n,  y,  adem&s,  un  cuadro  espedal  de  los  movimientos 
del  aparato. 

OBSEBVAOIONSS  DE  UIV  TElfBLOB. 

Anotacionea. 

A.  Sentido  sdlo  por  algunas  personas  en  reposo  en  los  pisos  superiores  de  las 
casas. 

B.  Sentido  sdlo  por  una  parte  de  la  poblacidn. 

O.  Algunas  personas  dudaron  se  tratase  de  un  temblor. 
D.  Sentido  por  la  mayorla  de  las  personas  adentro  de  las  casas  y  por  algunas 
afuera. 
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B.  Estremecimlento  de  los  trastos,  utenslllos  de  cocina,  lozas,  objetos  llvlanos. 

F.  Grujimiento  de  los  clelos,  techumbres  y  paredes  de  carplnterfa. 

Q.  Pequefio  balanceo  de  los  objetos  colgados,  l&mparas,  espejos,  cuadros. 

H.  Las  personas  dormidas  despertaron. 

I.  Sentido  por  todas  las  personas  de  adentro  de  las  casas  y  la  mayorfa  de  las 
de  afuera. 

X  Algunas  pocas  personas  atemorlzadas  huyen  afuera. 

K.  Las  campanulas  de  casa  tocan. 

L.  Amplias  oscllaclones  de  los  objetos  colgados. 

M.  Parada  de  relojes. 

N.  Sentido  por  todos. 

O.  Muchas  personas  atemorlzadas  huyen  afuera. 

P.  Cafda  de  objetos  llvlanos  colocados  sobre  mesas  o  estantes. 

Q.  Cafda  parcial  de  reboques  y  tejas. 

R.  Suenan  las  campanas,  por  ejemplo  de  las  iglesias. 

S.  Murallas  vlejas  o  en  mal  estado  se  agrietan  parcialmente. 

T.  Predominan  los  sacudimientos  verticales  o  sea  vibraciones. 

U.  Predomina  el  movimi§nto  oscllatorlo  del  suelo. 

V.  El  temblor  fu6  86I0  de  ondulaciones  muy  lentas  y  largas. 

W.  Con  ruido.    Su  naturaleza. 

X.  Sin  ruido. 

Y.  Manifestaciones  por  parte  de  los  anlmales.    Se  detallar&n. 

NoTA. — ^En  la  mayorfa  de  los  casos,  no  ser&  necesarlo  apuntar  todas  las  letras 
relativas  a  las  observaciones  hecbas,  pero  sf  la  letra  m&s  adelantada  en  la  lista, 
puesto  que,  por  ejemplo,  si  bubo  cafda  de  tejas  (Q),  todos  los  efectos  anteriores 
se  habr&n  producido. 

Eq  esto,  los  observadores  deber&n  obrar  con  atenci6n  y  criterio. 

Sin  embargo,  las  letras  T  o  U  deber&n  emplearse  en  la  mayorfa  de  los  casos ; 
lo  mismo  que  las  letras  W  o  X. 


FOG  FORECASTING  IN  THE  UNITED  STATES. 

By  H.  C.  FRANKENFIBLD, 
Professor  of  Meteorology  ,  U,  8.  Weather  Bureau,  Washington,  /).  C. 

FOREWORD. 

Fog  may  be  defined  as  a  surface  cloud,  and  is  caused  (1)  by  the  mixing  of  two 
bodies  of  air  of  unequal  temperatures,  one  or  both  of  which  has  a  high  vapor 
content,  and  (2)  by  the  cooling  of  a  body  of  moist,  free  air  to  a  temperature 
lower  than  its  dew  point.  During  nighttime  in  warm  seasons  fog  may  form  over 
lakes  and  rivers  by  the  continued  evaporation  of  the  warm  water  even  though 
the  cool,  overlying  air  is  saturated.  Its  character,  distribution,  and  extent,  de- 
pend, of  course,  upon  the  character,  distribution,  and  intensity  of  the  contribu- 
tory physical  causes,  and  it  is  proposed  here  to  discuss  these  physical  conditions 
as  they  appear  on  the  weather  charts  with  a  view  to  forecasting  the  fogs  on  the 
ocean  and  Gulf  coasts  and  on  the  Great  Lakes,  where  they  constitute  a  frequent 
and  dangerous  menace  to  navigation.  Fogs  in  river  valleys  and  on  small  lakes 
will  not  be  considered,  as  they  are  more  local  in  character,  usually  appearing 
during  the  night  as  a  consequence  of  radiation  of  heat,  and  disappearing  within 
a  few  hours  after  sunrise,  and  on  the  navigable  rivers  they  cause  nothing 
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more  than  a  little  delay  and  Inconvenience,  as  river  craft  tie  np  during  the 
prevalence  of  fog. 

Naturally  fogs  will  be  most  prevalent  along  the  shores  of  lakes  and  oceans, 
over  rivers,  and  at  times  over  such  definite  areas  of  the  oceans  as  are  near  the 
boundaries  of  counter  currents  of  different  temperatures. 

LAKSBBQION. 

Seatonal  dUtrihutUm  of  fog, — Over  the  upper  lakes,  as  a  whole,  February  Is 
rhe  month  of  greatest  fog  frequency,  while  not  far  behind  are  January,  June, 
and  December,  and  about  alike  with  respect  to  the  number  of  foggy  days.  Over 
Lake  Superior  and  northern  Lake  Michigan  the  seasonal  distribution  Is  not  so 
well  defined.  The  months  of  least  frequency  are  July  and  August.  The  northern 
portion  of  the  upper  lake  region  Is  much  less  subject  to  fog  than  the  southern 
portion,  the  ratio  being  about  1  to  6.  The  reason  for  this  marked  difference  lies 
partly  In  the  lesser  frequency  of  sharp  temperature  contrasts  over  the  northern 
sections,  owing  to  the  comparatively  greater  extent  of  water  surface,  but  la 
mainly  due  to  the  fact  that,  as  a  rule,  neither  the  high  nor  the  low  areas  are 
to  the  northward  of  Lake  Superior,  and  that  the  winds  do  not  blow  over  the 
water  surfaces. 

February  Is  also  the  month  of  greatest  fog  frequency  over  the  lower  lakes,  the 
superiority  being  much  more  marked  than  over  the  upper  lakes.  March  Is 
second,  closely  followed  by  January,  April,  and  November.  As  on  the  upper 
lakes  the  months  of  least  frequency  are  July  and  August  Of  the  two  lower 
lakes,  Erie  has  about  two  dense  fogs  to  one  for  Lake  Ontario,  the  difference 
probably  being  due  to  the  difference  In  extent  of  water  surface  covered  by 
easterly  winds. 

The  most  marked  difference  between  the  upper  and  the  lower  lakes  with 
respect  to  monthly  fog  distribution  was  noticed  during  the  month  of  June.  On 
the  upper  lakes  fogs  were  about  as  frequent  in  June  as  in  January  and  Pe- 
cember,  while  on  the  lower  lakes  they  were  less  frequent  In  June  than  In  any 
other  months  except  July,  August,  and  October. 

OONDmONS  rAVOSABLB  lOB  TOG  FOBMATION. 

Uf>p€r  lakeM, — On  the  upper  lakes  fogs  are  usually  preceded  by — 

1.  Low  pressure  on  the  leeward  side  of  the  lakes  and  relatively  high  pres- 
sure on  the  windward  side,  with  a  weak  gradient,  not  greater  than  0.10  Inch 
to  100  miles,  and  usually  less,  averaging,  perhaps,  about  0.10  inch  to  250  miles. 
The  gradient  Is  usually  least  with  southeast  winds. 

Quite  often  the  Isobars  on  the  weather  chart  will  be  irregular  in  shape, 
with  a  gradient  of  about  0.10  inch  to  150  to  200  miles,  the  Isobars  curving  away 
from  each  other,  leaving  an  open  space  between,  sometimes  several  hundred 
miles  In  diameter.  This  distribution  is  also  a  perfect  rain  type  for  the  open 
section.  Frequently  with  this  formation  there  will  also  be  observed  a  north- 
ward looping  of  the  Isotherms,  similar  to  that  observed  before  thunderstorms. 
Indicating  an  unstable  temperature  distribution,  which,  however,  does  not 
appear  to  be  an  essential  condition  for  fog  formation. 

The  height  of  the  barometer  is  not  Important,  and  at  Chicago  dense  fog 
has  occurred  with  pressure  as  high  as  30.8  inches  and  as  low  as  29.25  inches. 
In  summer  the  pressure  is  usually  low,  for  with  higher  pressure  the  sharper 
temperature  contrasts  between  the  water  and  the  land  cause  stronger  winds, 
thereby  preventing  the  formation  of  fog. 

2.  Temperature  differences,  more  or  less  marked,  between  the  water  and 
land  surfaces.    The  water  temperatures  were  the  lower  in  about  two-thirds 
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of  the  fog  periods  without  regard  to  tlie  season  of  the  year,  althongli  some  gen- 
eral tendencies  toward  higher  lake  temperatures  were  noticed  over  the  south- 
wostorn  section  during  May  and  November. 

3.  Itelative  humidity  above  normal,  averaging  alx>ve  90  per  cent,  although 
lower  in  quite  a  fair  percentage  of  the  cases  observed  (only  62  per  cent  at 
Chicago  preceding  the  local  fog  of  Sept  10,  1888).  These  high  humidities  also 
prevail  for  a  considerable  distance  inland  in  the  direction  of  the  low  areas. 
Low  humidity  fogs  are  very  local. 

4.  The  occurrence  of  precipitation  from  24  to  86  hours  previous  to  the  fog, 
usually  to  the  westward  and  southwestward  of  the  lakes,  toMrard  the  low 
areas,  as  perhaps  only  about  10  per  cent  of  the  lows  are  found  over  Lake 
Superior  or  the  Michigan  Peninsula.  The  precipitation  in  the  lows  generally 
continues  while  the  fogs  prevail  In  the  lake  region,  as  the  surface  tempera- 
tures  are  higher  and  the  moisture  content  of  the  air  is  greater  in  the  lows. 
It  Is  also  noticed  that  frequently  the  fog  belt  extends  westward  from  the 
lakes  into  the  Mississippi  and  lower  Misbouri  Valleys,  and  at  times  even 
farther  westward  and  southwestward  when  the  temperature  contrasts  are 
not  so  marked.  Quite  often  dense  fog  will  be  ol>served  at  one  place  in  the 
great  river  valleys  with  rain  falling  at  another  place  near  by. 

5.  Low  wind  velocities,  less  than  15  miles  an  hour,  usually  less  than  10  miles, 
and  about  one-third  of  the  time  less  than  6  miles.  Fogs  with  winds  above  15 
miles  an  hour  have  their  characteristics  very  well  marked,  and  they  occur 
usually  in  the  spring  and  autumn,  with  the  lake  temperatures  almost  invariably 
the  higher.  However,  during  winter  fogs,  with  winds  above  15  miles  an  hour, 
the  lake  temperatures  are  often  the  lower. 

Ijower  lakes, — ^The  antecedent  conditions  necessary  for  the  formation  of 
fog  along  the  lower  lakes  are  much  the  same  as  for  the  upper  lakes.  There 
Is  noted,  however,  a  tendency  toward  less  fog  over  Lake  Ontario,  particularly 
the  eastern  portion,  than  over  Lake  ESrie,  the  deficiency  being  most  marked 
with  southeast  winds,  which,  as  a  rule,  are  not  followed  by  fog  unless  the 
winds  are  quite  warm  (above  40*  in  winter  and  about  50  or  00*  in  summer). 

Notes, — 1,  It  is  noticed  that  the  belt  of  maximum  fog  frequency  extends 
from  about  the  southern  third  of  Lake  Michigan  eastward  to  Lake  St  Glair 
and  extreme  southern  Lake  Huron,  and  thence  over  western  Lake  Brie, 
probably  because  the  conditions  necessary  for  fog  formation  are  more  fre- 
quently and  more  completely  fulfilled  here  than  over  other  portions  of  the 
lake  region,  particularly  with  respect  to  the  location  of  the  high  and  low 
areas,  and  to  the  greater  frequency  and  extent  of  the  temperature  differences. 

2.  A  maximum  of  fog  frequency  occurs  at  Ghlcago,  dense  fog  often  occurring 
at  that  place  with  none  elsewhere  along  the  Lakes.  It  is  doubtless  a  purely 
local  condition  at  such  times,  due  to  an  excess  of  smoke,  and  is  likely  to 
occur,  even  though  the  necessary  antecedent  conditions  are  not  fully  defined. 
These  fogs  are  usually  shallow,  and  at  times  do  not  extend  above  the  tops 
of  high  buildings. 

3.  Fogs  usually  occur  in  the  form  of  a  uniform  covering  like  a  blanket,^ 
but  at  times,  frequently  on  Lake  Superior,  they  form  in  banks,  or  bands^ 
both  along  the  shore  and  over  the  water.  Sometimes  they  form  In  compara- 
tively narrow  bands  over  the  water  with  Intervening  areas  of  clear  weather. 
In  this  connection  the  following  extract  from  the  Meteorological  Chart  of  the 
Great  Lakes  for  the  Season  1899  (Henry  and  Conger)  is  of  interest  and  value: 

It  appears  that  fog  does  not  generally  appear  in  the  blanket  form,  except 
when  areas  of  low  pressure  are  moving  slowly  toward  the  lakes.  The  most 
frequent  formation  reported  Is  the  heavy  banks,  which  are  seen  in  their  best 
form  on  Lake  Superior.    These  banks  appear  frequently  on  the  Lakes,  with 
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intervals  of  clear  weather.    Fog  also  appears  In  the  belt  or  band  formatioii — 
viz,  a  narrow  band  which  extendi  for  many  miles  in  length. 

This  formation  is  also  most  frequent  on  Lake  Superior.  One  vessel  will 
run  for  hours  in  the  band  formation,  while  another,  several  miles  distant, 
running  parallel,  will  be  in  clear  weather  and  can  hear  the  fog  whistle  of 
the  steamer  in  the  fog,  and  also  see  the  wall  of  the  fog  bank.  These  forma- 
tions are  most  frequently  reported  during  the  summer  months.  It  has  been 
found  that  the  approach  of  a  low  area  from  the  west  of  Lake  Superior  will 
cause  fog  to  form  over  the  western  end  of  that  lake.  The  fog  appears  to 
move  eastward  in  the  lifting  conditions,  so  that,  as  before  stated,  one 
steamer  will  make  the  run  eastward  on  Lake  Superior  in  fog,  while  one 
following  a  few  hours  later  will  not  encounter  any,  indicating  that  the  fog 
banks  move  steadily  eastward.  Masters  have  reported  that  less  fog  was 
encountered  after  passing  Sable  Point,  Lake  Superior,  on  the  Marquette, 
or  Portage  Bntry  route  than  on  the  passage  around  Keweenaw  Point  The 
reports  appear  to  bear  out  this  statement,  in  view  of  the  fact  that  much 
less  fog  is  reported  from  Marquette,  or  Portage  Entry,  and  Houghton  than 
from  the  Keweenaw  Point  route.  The  reports  Indicate  that  the  most  fog  on 
Lake  Superior  is  encountered  between  Whitefish  Point  and  Keweenaw  Point, 
and  it  is  probable  that  vessel  masters  would  encounter  less  fog  by  taking 
the  Portage  Entry  course  in  preference  to  that  around  Keweenaw  Point 
This  would  probably  be  the  case  during  the  summar  months,  when  fog  Is 
most  frequently  encountered  on  Superior. 

The  foregoing  statement  appears  to  indicate  that  fogs  are  much  more 
prevalent  over  the  waters  of  Lake  Superior  tlian  along  the  shore,  as  ovor 
the  latter  section  the  summer  months  are  those  of  least  fog  firequency, 
especially  along  the  extreme  western  shores  of  Lake  Superior. 

ATLANTIC    COAST. 

Fog  frequency. — ^Naturally  fog  will  be  most  frequent  where  the  differences 
in  temperature  between  the  land  and  the  water  are  most  persistent,  so  that 
on  the  Atlantic  coast  the  region  of  maximum  frequency  would  be  the  New 
England  coast  The  records  for  the  14  years  from  1900  to  1913,  inclusive, 
indicate  that,  with  a  few  explainable  exceptions,  the  region  of  maximum 
frequency  is  the  eastern  coast  of  Maine,  and  that  there  is  a  steady  decrease 
southward  to  Key  West,  Fla.,  wh«re  dense  fogs  are  very  rare. 

The  following  diagram  shows  the  number  of  days  on  which  dense  fog 
occurred  from  1900  to  1913,  inclusive.     (See  p.  663.) 

The  great  excess  at  Nantucket  and  the  smaller  one  at  Block  Island  are  due 
to  the  ftict  that  they  are  small  islands,  and  fog  will  therefore  occur  at  any  time 
when  the  winds  are  comparatively  light,  and  the  temperature  differoice  between 
the  land  and  the  water  is  sufDciently  marked.  This  condition  naturally  occurs 
more  frequently  during  the  summer  months. 

The  relatively  small  number  of  foggy  days  at  New  Haven  and  New  York  is 
no  doubt  due  to  the  great  preponderance  of  land  area  as  compared  with  that 
of  the  water,  and  the  fogs  are  least  frequent  in  summer  when  the  mean  land 
find  water  temp^atures  do  not  differ  greatly.  The  excess  at  Cape  May  ovei 
Atlantic  Oity  probably  arises  from  the  fact  that  Cape  May  is  situated  at  the 
end  of  a  narrow  point  of  land  with  water  on  three  sides,  making  the  conditions 
much  similar  to  those  nt  Nantucket  and  Block  Island.  It  should  also  be  noted 
that  the  period  of  miniumm  frequency  is  the  autumn  and  early  winter.  Just  as 
at  Nantucket  and  Block  Island.  An  increasing  tendency  at  Gape  Henry  is 
probably  due  to  the  fact  that  the  topographical  conditions  are  of  the  same 
character,  but  not  so  pronounced,  as  at  Cape  May,  Block  Island  and  Nantucket 
Another  increasing  tendency  at  Charleston  is  somewhat  more  difficult  of  ex- 
planation. There  is  a  preponderance  of  water  surface  in  the  vicinity,  although 
the  bay  forming  Charleston  Harbor  is  not  of  great  extent.    There  is,  however. 
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water  on  all  sides  of  the  city  except  between  north  and  northwest,  and  this 
probably  accounts  for  the  excess  of  foggy  days.  At  Key  West,  while  the  land 
temperatures  are  uniformly  lower,  the  mean  land  and  water  temperatures  are  so 
nearly  alike  that  It  Is  usually  Impossible  for  fog  to  form.  With  light  winds  and 
high  humidity  fog  will  form  at  times  when  there  Is  strong  high  pressure  area 
over  the  central  and  northern  portions  of  the  country  accompanied  by  a  cold 
wave,  bringing  down  cool  winds  from  some  northerly  point,  preferably  the  north- 
east, upon  the  warm  Qulf  waters. 

It  will  be  noticed  that  no  mention  has  been  made  of  dense  fogs  at  Boston. 
There  were  only  125  recorded  during  the  14  years  under  observation,  but  It  is 
almost  certain  that  over  Massachusetts  Bay  and  the  coasts  immediately  adjoin- 
ing the  fogs  were  as  prevalent  as  over  many  other  portions  of  the  New  England 
coast    Boston  is  more  or  less  sheltered  from  the  open  water  except  in  a  due 
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DUQRAM  1.— Total  number  of  days  with  dense  fog.    Atlantio  ooast:  1900  to  1918,  Inolushre. 

easterly  or  southeasterly  direction,  and  this  probably  accounts  for  the  lesser 
fog  frequency. 

It  appears  that  the  observations  reasonably  justify  the  following  general  pre- 
cepts for  the  Atlantic  coast : 

1.  Fogs  are  most  frequent  where  the  mean  water  temperatures  are  lowest. 

2.  Other  things  being  equal,  fog  frequency  In  any  given  locality  Is  proportional 
to  the  dlfTerences  In  temperature  between  the  land  and  the  water  surfaces. 

It  must  be  mentioned,  however,  that  these  precepts,  so  far  as  the  Great  Lakes 
are  concerned,  are  not  so  general  In  their  application.  No.  2  Is  generally  ap- 
plicable, but  No.  1  not  at  all  so. 

Geographic  distribution  of  fog, — As  the  occurrence  of  fog  Is  almost  entirely 
a  question  of  pressure  distribution  and  resulting  wind  direction,  U  reasonably 
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follows  that  there  will  be  wide  differences  In  the  duration  and  geographical 
extent  of  fog  belts.  At  times — not  often,  It  is  true — the  fog  belt  will  extend 
along  the  entire  Atlantic  coast  from  Eastport  to  Jacksonville,  and  westward 
along  the  Gulf  coast  from  Tampa  to  the  mouth  of  the  Rio  Grande.  At  other 
times  the  fog  belt  will  extend  from  the  Maine  coast  to  Jacksonville,  to  Gape 
Hatteras,  to  Cape  Henry,  to  Cape  May,  to  New  York,  or  to  Block  Island. 

Quite  frequently  It  will  be  confined  to  the 
Maine  coast,  especially  the  eastern  portion, 
occurring  whenever  light  southerly  winds 
blow,  with  a  maximum  frequency  in  mid- 
summer, when  the  temperature  differences 
are  greatest  These  Maine  fogs,  especially 
on  the  eastern  coast,  are  sometimes  very 
fleeting,  disappearing  and  reappearing  with 
variable  winds  at  Intervals  of  a  few  min- 
utes. 

Again,  there  will  be  a  fog  belt  that  will 
extend  from  Nantucket  southward  to  Cape 
May,  to  Cape  Henry,  or  to  Cape  Hat- 
teras, and  again  to  Savannah  and  Jack- 
sonville. Other  belts  extend  from  New 
York  southward  along  the  New  Jersey 
coast,  and  at  times  as  far  as  Hatteras. 
Again,  there  Is  the  fog  belt  that  extends 
from  Cape  May  to  Cape  Henry,  from  Cape 
Henry  or  Cape  Hatteras  to  Jacksonville, 
and  from  Charleston  or  Savannah  to  Jack- 
sonville. Still  another  type  of  fog  belt  extends  along  the  ocean  from  northeast 
to  southwest,  touching  the  coast  at  only  a  few  points,  such  as  Eastport,  Nan- 
tucket, Cape  May,  and  Cape  Hatteras. 

Seasonable  distribution  of  fog, — ^The  percentage  of  foggy  days  for  each  month, 
based  upon  the  total  number  of  such  days  for  each  station  discussed,  and 
for  the  entire  period  from  1900  to  1913,  Inclusive,  together  with  the  monthly 
mean  land  and  water  temperatures,  are  shown  In  Table  1. 

Table  1. — Seasonal  distribution  of  foggy  days  (in  percentages  of  the  total  num- 
ber observed  at  each  station)  and  mean  land  and  water  temperatures. 
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Diagram  2^— Total  number  of  dayi  with 
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Tabub  1. — Seasonal  distribution  of  foggy  days  {in  percentages  of  the  total  num- 
ber observed  at  each  station)  and  mean  land  and  water  temperatures — Oontd. 
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An  inspection  of  this  table  shows  that  on  the  open  New  England  coast  fogs 
are  most  frequent  In  midsummer  and  least  frequent  in  winter,  although,  when 
Block  Island  is  reached,  there  is  a  shift  in  the  time  of  maximum  frequency 
toward  early  summer.  Forty-one  per  cent  of  the  total  number  of  fogs  occur 
from  June  to  August,  inclusive,  while  In  December,  January,  and  February  the 
percentage  is  only  11.    The  spring  percentage  is  28,  and  that  of  the  autumn  20. 

Along  Long  Island  Sound  and  the  Middle  and  South  Atlantic  coasts  the  season 
of  maximum  frequency  shifts  to  winter  and  early  spring  (late  spring  along  the 
extreme  southern  coast  of  New  Jersey,  probably  on  account  of  the  lower  water 
temperatures  and  the  prevailing  winds  from  the  water  surfaces  to  the  eastward, 
southward,  and  westward,  Delaware  Bay  being  only  a  short  distance  to  the 
westward).  Likewise  the  season  of  minimum  frequency  changes  to  mid- 
summer. From  New  Haven  southward,  except  along  the  extreme  southern  New 
Jersey  coast  and  at  Key  West,  the  seasonal  percentages  are :  Winter,  46 ;  spring, 
27 ;  summer,  5 ;  and  autumn,  22.  From  Hatteras  to  Jacksonville  the  mean  sum- 
mer percentage  is  only  3.4.  Here  the  land  temperatures,  while  from  3^  to  6^ 
lower  than  those  of  the  water,  are  nevertheless  quite  high  (75^  to  81**),  and  con- 
sequently have  a  large  moisture  capacity.  Therefore  the  slight  differences  in 
temperature  that  would  be  caused  by  the  intermixing  of  the  sea  and  land  fflrs 
would  not  be  sufficient  to  lower  the  moisture  capacity  of  the  latter  to  an  extent 
sufficient  to  cause  condensation. 

Necessary  conditions  precedent  to  fog  formation, — ^These  are  found  to  be 
IMractically  the  same  as  those  for  the  Great  Lakes,  and  It  not  infrequently  hap- 
pens that  certain  well-marked  conditions  will  be  followed  by  dense  fog  on  both 
the  Lakes  and  along  the  Atlantic,  and  even  the  Gulf  coast  (See  maps  for  Jan. 
11>-21,  19(X).)    The  conditions  favorable  for  fog  formation  are: 

1.  Low  pressure  to  the  leeward  side  with  weak  gradients. 

2.  Temperature  differences  between  the  land  and  water  surfaces  fairly  well 
marked. 

8.  High  humidity. 

4.  Occurrence  of  precipitation  in  the  direction  of  the  low  pressure. 

5.  Low  wind  velocities,  less  than  15  miles,  and  usually  less  than  10  miles  an 
hour. 
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Low  barometric  pressure  to  the  leeward  side  with  weak  gradients  appears  to 
be  a  sine  qua  non  with  regard  to  fog  formation,  except  in  a  few  localities, 
such  as  Nantucket,  where  fog  will  form  at  any  time  when  pressure  conditions 
are  stagnant,  and  temperature  differences  will  cause  sufficient  change  in  the 
wind  direction  to  cause  fog. 

With  slight  lows  in  the  southwest  there  is  not  apt  to  be  much  precipitation 
in  the  South  Atlantic  States  preceding  fog  formation  in  that  section,,  although 
it  will  occur  quite  often  with  the  fog. 

It  is  also  noted  that  the  difference  between  the  land  and  water  touperatures 
preceding  fog  are  not  so  marked  along  the  South  Atlantic  coast  as  farther  to 
the  northward,  but,  as  the  prevailing  winds  are  from  the  water,  and  conse- 
quently moisture  laden,  and  as  the  water  temperatures  are  uniformly  the  hi^^, 
there  is  sufficient  cooling  by  mixing  to  cause  partial  condensation  of  some  of 
the  vapor  into  fog  during  the  cooler  months  of  the  year. 

Low  wind  velocities  are  essential  to  the  formation  of  fog,  except  in  extreme 
cases  along  the  New  England  coast,  where  fog  will  occur  at  times  with 
moderately  strong  easterly  winds,  if  the  land  temperatures  are  considerably 
higher  with  rather  low  humidity.  In  these  instances  there  is  sufficient  con- 
densation to  cause  fog,  but  not  quite  enough  to  form  rain. 

It  seems,  therefore,  that  of  the  conditions  mentioned  above,  numbers  1,  8, 
and  5  are,  with  very  few  exceptions,  essential  to  fog  formation,  while  num- 
bers 2  and  4  are  quite  essential  along  the  northern,  but  not  along  the  southern 
coast  of  the  Atlantic  Ocean. 

OULF   OF    ICBXIOO   FOGS. 

It  is  found  that  the  general  rules  governing  the  formation  of  fogs  on  the 
Great  Lakes  and  the  South  Atlantic  coast  apply  equally  well  to  the  fogs 
on  the  coast  of  the  Gulf  of  Mexico,  and  it  is  not  necessary  to  repeat  them 
here.  As  stated  before,  the  conditions  are  so  well  defined  at  times  that 
fogs  will  occur  along  the  entire  coast  from  Maine  to  Texas,  except  along 
the  southern  Florida  coast,  but  at  other  times  the  fogs  will  be  very  local  in 
character.  The  region  of  maximum  frequency  occurs  between  the  northwest 
coast  of  Florida  and  the  northeastern  coast  of  Texas,  the  number  of  foggy 
days  increasing  toward  the  west  The  regions  of  minimum  frequency  were 
found  on  the  southern  coast  of  Texas  and  the  coast  of  the  Florida  peninsula. 
The  following  diagram  shows  the  number  of  days  on  which  dense  fog  occurred 
from  1900  to  1918,  inclusive. 

The  percentage  of  foggy  days  for  each  month,  based  upon  the  total  number 
of  such  days  for  each  station  discussed,  and  for  the  entire  period  from  1900 
to '1913,  inclusive,  together  with  the  monthly  mean  land  and  water  tempera- 
tures, are  shown  in  Table  2. 


Table  2. — Seasonjl  distrilmtion  of  foggy  day 9  (in  percentages  of  the  total  num- 
ber observed  at  each  station)  and  mean  land  and  tcater  temperatures. 
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Table  2. — Seasonal  dUtribution  of  foggy  days  (in  percentages  of  the  total  num- 
her  observed  at  each  station)  and  mean  land  and  water  temperatures— Oontd, 
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It  will  be  seen  that  the  fogs  were  most  frequent  In  winter  and  least  In 
summer,  being  of  very  rare  occurrence  from  June  to  September,  Inclusive. 
January  Is  the  month  of  maylmum  frequency,  while  no  dense  fogs  at  all  were 
reported  during  July. 

The  seasonal  percentages  are  as  follows :  Winter,  54 ;  spring,  30 ;  summer,  1 ; 
autumn,  15.  The  almost  total  absence  of  summer  fog  Is  due  to  the  same 
causes  that  create  a  similar  absence  on  the  South  Atlantic  coast — namely,  high 
temperatures  and  high  vapor  content 

The  wind  directions  preceding  and  accompanying  the  Gulf  fogs  are  not  so 
uniformly  from  the  water  toward  the  land,  nor  from  the  cool  toward  the 
warm  air,  although  in  a  majority  of  the  cases  the  winds  blew  from  the  water 
surfaces;  that  is,  from  a  warmer  region  to  the  southward  and  southeastward. 
In  many  instances  exactly  the  opposite  condition  prevailed,  and  fog  would  form 
when  a  cold  wave  covered  the  land  and  the  cool  north  and  northeast  winds 
would  blow  down  to  the  much  warmer  Gulf  water,  causing  partial  condensa- 
tion in  the  form  of  fog  that  would  at  times  extend  over  the  Gulf  for  a  con- 
siderable distance. 

This  Is  the  prevailing  type  for  Florida  Peninsula  fogs,  including  Key  West. 
The  a.  m.  map  of  January  22,  1908,  affords  a  good  type  of  fog  formation  from 
cool  north  winds,  but,  unfortunately,  the  pressure  distribution  on  the  previous 
day  was  not  such  as  to  indicate  on  the  following  morning  the  presence  of  a 
cool,  high  area  over  the  Great  Central  valleys,  and  light  north  winds  down  to 
the  Gulf.  In  fact,  east  and  southeast  winds  were  indicated,  but  with  land  and 
water  temperatures  about  equal.  A  rare  but  well-marked  type  favorable  for 
fog  formation  on  the  Gulf  coast  is  one  with  relatively  cool  southerly  winds 
blowing  from  the  Gulf,  and  such  a  condition  occurred  on  January  24,  1909. 
On  the  28d  temperatures  were  abnormally  high  over  the  Ohio  Valley  and  the 
interior  of  the  Gulf  States,  and  on  the  morning  ot  the  24th  dense  fog  occurred 
from  Galveston  eastward  to  the  northwest  Florida  coast,  and  on  the  Atlantic 
coast  from  Jacksonville  to  Charleston,  also  extending  into  the  interior  of 
Alabama,  Georgia,  and  South  Carolina.  The  fog,  however,  was  only  a  morn- 
ing fog,  and  soon  disappeared  under  the  influence  of  the  sunlight 

GENEBAL   fVOTES. 


1.  Quite  often  fog  belts  appear  to  travel  generally  from  west  to  east  along 
the  Gulf  coast,  and  from  southwest  to  northeast  along  the  Atlantic  coast ;  occa- 
sionally the  travel  will  be  In  the  opposite  directions.    By  "  traveling  "  Is  meant 


668       PBOOEEDIKQS  SECOND  PAN  AMBBIUAK  BdEimFIG   COKOBSSB. 

the  movement,  usually  east  or  northeast,  of  a  fog  helt  on  the  sacoeeding  day 
or  days,  and  not  necessarily  continuing  over  the  section  first  covered.  The 
condition  is  usually  indicated  in  accordance  with  the  gen«*a]  roles  for  fbg 
formation,  being  naturally  associated  with  the  eastward  pressure  drift. 

2.  A  good  fog  type  for  the  South  Atlantic  and  Oulf  coasts  is  high  pressure 
over  Bermuda  and  low  over  Texas  and  Oklahoma,  with  very  weak  gnudieat 


8.  Fogs  form  quite  frequently  on  the  Atlantic  coast  with  a  low  area  to  the 
northward  of  Lake  Superior,  and  moving  northeastward.  The  low  appears 
to  open  up  and  leave  a  trough  with  weak  gradients  to  the  southwestward,  and 
quite  often  with  a  moderate  low  on  the  Texas  coast 
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4.  DlflPerences  between  the  land  and  water  temperatures  are  not  so  marked 
alon^  the  ocean  and  Gulf  coasts  as  alon^  the  Great  Lakes,  and  fog  forms  witli 
nearly  equal  temperatures,  when  the  latter  do  not  differ  sufficiently  to  cause 
complete  condensation  In  the  form  of  rain  or  snow.  Frequently  rain  will  be 
falling  at  one  place  on  the  coast,  while  at  the  next  station,  only  a  short  dl^tnnce 


away,  there  will  be  dense  fog.  It  is  usually  observed,  however,  that  at  the 
place  where  the  rain  is  falling,  the  wind  velocity  is  greater  than  where  the  fog 
prevails,  and  a  decrease  in  the  velocity  would  doubtless  be  at  once  followed 
by  fog. 
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5.  The  fog  belt  is  not  always  continuous  along  a  coast.  It  will  frequently 
fail  to  form  in  a  given  locality,  yet  dense  fog  may  prevail  on  both  sides.  Local 
conditions  are  probably  the  cause  of  this — either  irregularities  in  wind  direction 
or  velocity,  or  in  pressure  distribution. 


6.  The  morning  map  of  January  23,  1909,  shows  an  excellent  fog  type  from 
warm  southerly  winds  for  the  lake  region,  the  Middle  Atlantic  States,  and  New 
England.  Although  the  barometric  gradient  was  quite  steep  to  the  eastward,  the 
low  is  long  drawn  out  to  the  westward,  with  practically  no  gradient. 

Three  typical  fog  charts  accompany  the  text. 
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THB  RIVER  SERVICE  OF  THE  WEATHER  BUREAU. 

By  ALFRED  J.  HENRY, 
Professor  of  Meteorology,  United  States  Weather  Bureau,  Washington,  D,  C. 

The  activities  of  the  Weather  Bureau  In  safeguarding  life  and  property  from 
destruction  by  flood  are  carried  on  through  an  organization  within  the  bureau 
known  as  the  River  and  Flood  Service.  That  service  has  not,  as  might  be  In- 
ferred, a  separate  and  distinct  organization,  but  Its  work  forms  an  Integral 
part  of  the  general  activities  of  the  bureau. 

OBGANIZATION. 

The  administrative  control  of  the  river  and  flood  service  Is  vested  In  the  river 
and  flood  division  of  the  central  office  of  the  Weather  Bureau  In  Washington, 
D.  C.  This  division  Is  charged  with  the  general  supervision  of  the  work,  Includ- 
ing the  Installation  and  upkeep  of  river  gages,  the  collection  and  publication  of 
statistical  reports,  the  preparation  of  definite  rules  for  flood  forecasting,  etc. 

The  geographic  unit  of  the  service  Is  the  river  district  center,  one  center 
to  each  watershed,  except  In  the  case  of  the  largest  rivers,  when  It  becomes 
necessary,  on  account  of  the  size  of  the  vmtershed,  to  create  a  number  of  district 
centers,  all,  however,  of  equal  rank,  and  each  having  a  deflnlte  stretch  of  the 
river  under  Its  charge.  The  total  number  of  river  district  centers  Is  62.  The 
official  in  charge  of  the  district  center  is  responsible  to  the  central  office  for  the 
administration  and  control  of  the  subordinate  gaging  and  rainfall  reporting 
stations  in  his  district,  and  for  the  issue  and  distribution  of  flood  warnings 
when  necessary.  For  navigable  rivers  daily  stages  are  published  and  dis- 
tributed in  the  interests  of  navigation. 

River  district  centers  are  almost  without  exception  also  full-reporting 
meteorological  stations,  and  as  such,  distribute  the  usual  routine  Information, 
such  as  warnings  of  unusual  weather  conditions,  etc 

BEOXn^AB    AND    STTBOBDINATE   BIVEB   GAGING    STATIONS. 

As  Stated  In  a  previous  paragraph,  62  river  district  centers  are  maintained. 
Continuous  dally  gagings  of  streams  are  made  for  some  part  of  the  year  at 
468  stations,  classed  as  follows:  (1)  Full  reporting  meteorological  stations 
of  the  Bureau,  72;  (2)  subordinate  gaging  stations,  396.  These  stations 
report  dally,  by  mall  or  telegraph  to  the  district  center  the  stage  of  the  river 
and  the  weather  conditions.  Stations  of  this  class  are  established  whenever 
the  full  reporting  meteorological  stations  of  the  Bureau  are  not  sufficiently 
numerous  to  obtain  the  Information  necessary  to  the  preparation  of  flood 
warnings.  Thus,  on  the  Allegheny  and  ^lonongahela  Rivers  17  subordinate 
gaging  stations  are  maintained. 

Flood  uximings. — In  the  early  period  of  the  weather  service — ^that  Is,  prior 
to  July,  1803 — ^flood  warnings  were  Issued  only  by  the  forecast  officials  of  the 
central  office.  In  Washington,  D.  C.  These  warnings  were  Issued,  naturally, 
for  only  the  largest  rivers,  and  generally  after  the  run-off  had  reached  the 
tributary  streams,  and  gagings  in  hand  had  shown  that  a  flood  wave  in  the 
headwaters  was  already  in  progress. 

On  the  date  previously  mentioned  the  duty  of  Issuing  flood  warnings  was 
delegated  to  the  local  officials  of  the  bureau  most  advantageously  situated 
In  respect  to  the  rapid  collection  and  distribution  of  pertinent  Information 
respecting  the  rivers  In  their  respective  districts.    The  effect  of  this  change 
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was  twofold:  First,  it  made  it  incumbent  upon  a  number  of  ofllciais  to 
immediately  prepare  themselves  to  forecast  floods.  Practically  no  guiding 
rules  were  then  in  existence,  hence  there  was  a  general  turning  to  the  records 
of  previous  floods  in  order  to  deduce  empirical  rules  for  future  use.  The 
river  and  flood  division  of  the  central  office  in  Washington,  also  using  the 
records  of  previous  floods,  constructed  rules  for  flood  prediction  on  most  of 
the  principal  streams. 

Many  officials  in  charge  of  river  districts  have  independently  pr^;mred 
rules  for  their  districts.  These  rules,  however,  have  been  made  to  fit  the 
needs  of  different  situations.  In  some  cases  simple  gage  relations  betwe^i 
consecutive  gaging  stations,  as  between  Cairo  and  Memphis,  on  the  Missis- 
sippi, have  been  determined;  in  other  cases,  however,  the  relative  importance 
of  tributaries  had  to  be  very  carefully  determined,  and  in  g^ieral  the  effect 
of  heavy  rains  under  varying  conditions  of  ground  absorption  had  to  be  inves- 
tigated for  a  large  number  of  cases. 

The  usual  method  of  determining  gage  relations  between  two  stations  is  by 
plotting  on  rectangular  coordinate  paper  the  stages  at  an  upper  station  as 
abscissas,  and  the  corresponding  stages  at  a  downstream  station  as  ordinates. 
Through  the  points  obtained  by  the  intersection  of  the  abscissas  and  the  ordi- 
nates a  curve  is  drawn,  from  which  may  be  taken  the  average  stage  at  a  down- 
stream station  corresponding  to  a  certain  average  stage  at  an  upstream  sta- 
tion. Where  there  are  no  tributary  effects  to  be  considered  this  method  gives 
good  results. 

The  second  effect  of  decentralizing  flood  forecasts  was  to  immediately  en- 
large the  fleld  of  activity ;  that  is,  to  extend  it  to  smaller  streams  and  to  increase 
the  scope  of  the  forecast  to  include  low  and  medium  stai^es  in  the  interests  of 
navigation. 

THE  FBEPABATION  OF  FLOOD  F0KBCAST8. 

The  fundamental  considerations  in  any  plan  of  flood  forecasting  must  be : 

1.  Precipitation — Its  quantity,  intensity,  and  horizontal  distribution. 

2.  Run-off— ratio  of  to  precipitation  under  widely  varying  conditions  of 
ground  absorption. 

8.  The  stage  of  the  stream  at  the  time  of  precipitation  and  the  gage  r^a- 
tlons  between  points  in  its  course. 

4.  Rate  of  flow  or  time  Interval  between  adjacent  gaging  stations. 

5.  Storage  capacity  of  river  channel  and  overflow  areas. 

All  of  these  considerations,  except  the  last,  are  variable.  Their  effect  singly 
or  in  combination  must  be  determined  for  each  station. 

GEOGBAPHIC  DISTBIBUnON  OF  FLOODS  IN  THK  UNFFED  STATES. 

Floods  in  northern  rivers  are  mostly  conflned  to  the  late  winter  and  spring 
and  are  frequently  conditioned  upon  the  breaking  up  and  sometimes  the  gorg- 
ing of  ice  in  tortuous  bends  in  the  river,  or  as  a  result  of  artificial  obstructions 
in  the  form  of  bridges.  The  ice  effect  in  the  Atlantic  drainage  south  of  the 
Potomac  is  negligible.  Pure  rain  floods  in  the  northern  rivers  in  the  warm 
season  are  infrequent. 

In  the  Atlantic  drainage  many  of  the  rivers  have  a  rapid  descent  in  the 
upper  reaches,  widening  out  in  their  lower  portions  where  the  tidal  In- 
fluence counteracts  any  tendency  to  floods.  The  rivers  of  the  South  Atlantic 
and  Gulf  States  are  mostly  of  this  character.  Floods  occur  mostly  in  the 
winter  and  spring  seasons  in  the  South  Atlantic  and  Oulf  States,  although 
severe  floods  may  also  occur  in  Texas  in  the  warm  season.    The  problem  of 
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flood  forecasting  In  the  Gulf  States  is  therefore  very  largely  one  of  rainfall 
intensity  and  horizontal  distribution. 

Floods  in  the  interior  drainage.-— The  Mississippi  basin  is  subject  to  spring 
floods,  often  from  the  cumulative  effect  of  heavy  rains  in  the  lower  part  of  the 
basin  in  January,  February,  and  March,  in  conjunction  with  flood-producing 
rains  in  the  Ohio  watershed.  The.  western  tributaries,  south  of  the  Missouri* 
may,  and  often  do,  add  to  the  intensity  of  the  flood  wave,  since  their  water- 
sheds are  almost  directly  in  the  path  of  rain-producing  storms  from  the 
Southwest.  Floods  in  the  upper  portion  of  the  river,  say  north  of  Cairo,  occur 
mostly  in  June,  as  a  result  of  heavy  and  continued  rains  over  the  lower 
Missouri  and  the  middle  Mississippi  valleys.  The  Missouri  contributes  but 
little  to  the  spring  floods  of  the  lower  river.  Its  watershed,  though  the  largest 
of  the  tributaries,  is  relatively  unimportant  in  the  causation  of  floods,  by 
reason  of  the  light  winter  and  spring  precipitation. 

Considerations  1  to  5  are  used  in  flood  forecasting  in  the  interior  drainage. 

Floods  on  the  Paci/le  coast. — ^The  rivers  of  California  are  subject  to  severe 
floods  in  winter  by  reason  of  the  heavy  precipitation  of  that  season  in  con- 
nection with  a  generous  snow  cover  on  the  headwaters  of  mountain  tributaries. 
Tavo  rivers  of  the  Pacific  drainage,  the  Columbia  in  the  north  and  the  Colorado 
in  the  south,  have  well-marked  annual  floods  in  June,  due  to  the  melting  of 
snow  in  the  mountains.  These  two  streams  are  the  only  ones  in  the  United 
States  that  show  a  sharply  marked  flood  wave  due  directly  to  the  melting  of 
snow.  While  a  blanket  of  heavy  snow  frequently  covers  the  watersheds  of 
eastern  rivers  in  winter,  it  generally  remains  on  the  ground  for  some  time, . 
solidifies,  and  thus  reduces  to  a  minimum  the  flood  menace  from  sudden 
thawing. 

BX7LE8  FOB  FLOOD  FOBBCASTINO. 

Every  river  is  practically  a  law  unto  itself  and  must  be  investigated  sepa- 
rately before  rules  for  flood  forecasts  can  be  formulated.  In  other  words, 
no  rule  has  yet  been  evolved  that  is  of  general  application.  In  recent  years 
the  multiplication  of  rninfall  stations  over  the  watersheds  has  greatly  stimu- 
lated the  study  of  the  precipitation  effect  under  varying  conditions  of  intensity 
of  fall  and  of  horizontal  distribution.  The  vagaries  of  the  horizontal  distribu- 
tion, especially  in  summer,  are  yet  a  source  of  error  on  many  streams. 

Considerations  1,  2,  and  3  in  the  foregoing  scheme  are  the  main  reliance  of 
the  forecaster  along  the  streams  of  the  Atlantic  and  Gulf  coasts.  The  guiding 
rules  for  a  stream  In  a  region  of  steep  slope  and  rapid  run-off  are  presented 
in  a  paper  by  Mr.  E.  D.  Emigh,  of  Augusta,  Ga.,  while  Mr.  W.  C.  Devereaux, 
of  Cincinnati,  Ohio,  presents  like  rules  for  a  less  rapidly  flowing  stream,  where 
considerations  4  and  5  also  come  into  use. 

ACCUBACY  OF  FLOOD  FOBECA8T8. 

The  value  of  a  flood  warning  is  directly  proportional  to  the  accuracy  of  the 
statement  of  the  crest  stage  expected.  Hence  the  aim  of  all  students  of  the 
problem  is  to  reduce  the  warning  to  a  definite  statement  of  the  stages  expected, 
particularly  the  crest  stage  and  the  time  of  its  occurrence.  Unfortunately,  a 
number  of  examples  of  highly  accurate  flood  forecasts  that  were  made  several 
weeks  In  advance  have  been  circulated  in  the  public  prints,  and  this  has  doubt- 
less created  a  false  idea  of  the  accuracy  of  flood  forecasting  in  general.  It  is 
perfectly  obvious  that  an  accurate  forecast  of  the  crest  of  a  flood  wave  a  week 
or  so  in  advance  is  possible  only  when  dealing  with  the  largest  of  rivers,  and 
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then  only  when  certain  conditions  ore  assumed,  viz,  that  all  of  the  water  is  in 
the  stream  at  the  time  the  forecast  is  made,  and  that  there  will  be  no  break 
in  the  storage  capacity  of  the  stream,  such  as  the  collapse  of  levees,  etc 
Such  long-time  forecasts  are  possible  in  the  lower  Mississippi  and  also  in  the 
lower  Ohio,  but  for  a  shorter  period  of  advance  notice  in  the  lattar  stream. 
Generally  the  accuracy  of  the  forecast  of  a  crest  stage  diminishes  as  the  time 
of  advance  notice  Increases.  It  is  the  practice  of  flood  forecasters  to  name  a 
provisional  crest  stage,  as  far  in  advance  as  may  be  possible,  and  to  revise 
that  stage  from  day  to  day,  as  may  be  necessary  and  possible  with  later  and 
more  specific  information  at  their  command.  On  rapidly  flowing  streams  24 
hours'  advance  notice  is  about  the  maximum  that  can  be  accurately  given, 
while  often  the  time  is  shorter. 

The  accuracy  of  the  quantitative  forecasts  of  stages  must,  in  the  nature  of  the 
case,  vary  for  different  streams.  Thus,  on  a  flashy  river  an  error  of  1,  or,  at 
most,  2  feet  in  a  24-hour  forecast  may  be  expected,  while  on  a  less  rapidly  flow- 
ing stream,  especially  near  the  upper  reaches  and  under  doubtful  conditions, 
the  error  will  still  amount  to  as  much  as  a  foot  On  the  lower  reaches,  however, 
and  under  the  most  favorable  conditions  the  probable  error  in  forecasting  the 
crest  stage  a  week  or  10  days  in  advance  will  be  generally  in  decimals  of  a  foot. 

The  cost  of  the  river  service  is  not  easily  determined,  since  the  general  organi- 
zation provides  salaries,  rent  of  offices,  and  cost  of  telegraphing  at  all  of  the 
river  district  centers,  including  the  central  office  in  Washington,  and  at  a  few 
other  points  not  district  centers.  In  other  words,  the  framework  of  the  struc- 
ture is  already  provided  in  the  bureau  organization.  The  necessary  subordi- 
nate stations  are  maintained  at  a  small  annual  cost,  the  total  of  which  for  all 
subordinate  stations  does  not  exceed  $40,000.  The  total  annual  cost,  however, 
if  we  prorate  the  amount  expended  at  the  various  river  stations,  is  between 
$120,000  and  $130,000. 

ANNUAL  LOSS  OF  LIFE  RT  FLOOD  IN  THE  UNITED  STATES. 

The  loss  of  life  annually  in  the  United  States  by  flood,  aside  from  those  who 
perish  in  some  great  catastrophe,  due  only  indirectly  to  flood  waters,  such  aa 
the  so-called  Johnstown  (Pa.)  flood  of  1889,  the  Galveston  (Tex.)  hurricane  of 
1900,  is,  on  the  average,  somewhat  less  than  100  persons.  There  is  and  will 
he  for  many  years  to  come  a  considerable  flood  menace  to  two  classes  of  persons 
in  the  United  States,  viz,  those  who  camp  along  streams  beyond  the  reach  of 
quick  communication,  and  those  who  occupy  dwellings  that  have  been  placed 
on  or  quite  near  to  the  flood  plane  of  small  streams.  In  1915  there  were  two 
striking  examples  of  loss  of  life  by  floods  along  comparatively  insigniflcnnt 
streams  tliat  suddenly  became  raging  torrents.  The  Erie  (Pa.)  flood  and  floods 
in  the  Colorado  River  at  Austin,  Tex.,  are  referred  to.  However  efficient  the 
flood-warning  service  along  the  principal  rivers  may  become  it  can  not,  from 
tlie  nature  of  the  case,  completely  cover  small  streams  that  course  rapidly 
through  mountain  canyons  or  flow  gently  through  thickly  settled  communities. 

PBOPEBTT  LOSS  DUE  TO  FLOODS. 

Several  attempts  have  been  made  to  arrive  at  a  knowledge  of  the  annual 
property  loss  in  the  United  States  by  flood,  but  thus  far  no  sufficiently  accurate 
census  of  such  loss  is  available.  The  best  we  can  say  is  that  the  annual  loss 
figures  in  millions  of  dollars.  The  greatest  loss  in  any  single  year  in  a  hundred 
years  or  more  was  that  of  1913,  in  the  Ohio  and  Mississippi  Valleys,  which 
totaled  a  little  more  than  $160,000,000. 


ASTRONOMY,  METEOROLOGY,  AND  SEISMOLOGY.  675 

A  large  proportion  of  the  annual  loss  by  flood  can  be  ascribed  to  the  overflow 
of  rich  bottom  lands  before  the  crops  have  been  harvested.  The  year  1915 
affords  a  striking  example  of  loss  to  agricultural  interests  by  floods  which 
caused  comparatively  little  destruction  to  other  interests.  I  refer  to  the  loss  of 
farm  products  and  lands  in  the  Middle  West  during  May  and  June,  1915 
(Monthly  Weather  Review,  43,  288,  853). 


THE  PRINCIPLES  INVOLVED  IN  PREDICTING  HIGH-WATER 
STAGES  IN  FLASHY  STREAMS,  WITH  SPECIAL  REFERENCE  TO 
THE  SCHEME  FOR  THE  SAVANNAH  RIVER  AT  AUGUSTA,  GA. 

By  EUGENE  D.  EMIGH, 
Meteorologist,  United  States  Weather  Bureau,  Augusta,  Oa, 

So  important  is  it  that  river  forecasts  and  flood  predictions  be  timely  as 
well  as  accurate  within  practical  limitations  that  it  would  seem  to  be  essential 
to  successful  work  along  this  line  that  whenever  possible  and  wherever  possible 
a  set  of  rules  (sometimes  called  a  "scheme")  be  worked  out  In  complete  and 
comprehensive  form. 

For  the  rivers  of  more  uniform  and  less  rapid  flow,  such  as  the  Mississippi, 
Ohio,  and  others,  rules  have  for  years  been  in  operation  whereby  predictions 
could  be  made  days  and  often  weeks  in  advance  and  be  verified  within  a  few 
tenths  of  a  foot  In  such  systems  the  primary  argument  Is  the  relation  be- 
tween the  readings  of  advantageously  placed  river  gages.  Generally  before 
the  forecast  Is  made  the  water  Is  already  in  the  main  stream  or  its  tributaries 
and  its  future  effect  at  any  given  point  can  be  anticipated. 

To  the  marked  contrast  In  the  habits  of  smaller  rivers  which  course  through 
rugged  country  and  move  rapidly  down  steep  slopes  is  perhaps  due  the  fact 
that  greater  effort  has  not  been  made  to  systematize  the  work  of  predicting 
stages  for  such  streams.  While  much  has  been  accomplished  in  recent  years, 
few  of  the  men  on  the  ground,  those  charged  with  the  actual  work  and  who 
have  acquired  valuable  experience,  have  seriously  attempted  to  work  out  rules. 
While  some  of  these  officials  are  no  doubt  very  proficient  through  long  experi- 
ence, their  proficiency  Is  too  often  entirely  personal  and  their  removal  for  any 
cause  would  leave  the  work  about  where  they  took  It  up.  Science  and  the 
public  interests  would  profit  little,  if  at  all,  by  their  experience. 

Experienced  river  forecasters  have  sometimes  waited  too  long  a  time  in 
order  to  see  how  their  stream  was  going  to  act  before  issuing  warnings  for 
the  protection  of  property  and  the  safeguarding  of  public  interests,  with  the 
result  that  much  damage  was  done  for  the  lack  of  timely  advice.  Or,  not 
realizing  the  futility,  or  at  least  uncertainty,  involved  in  depending  upon  such 
inferences  as  might  be  drawn  from  precedents  at  the  time  of  an  emergency, 
they  have  subjected  themselves  to  much  perturbation  and  likelihood  of  error. 

Few  high  freshets  in  a  flashy  stream  have  precedents  similar  in  all  particu- 
lars, though  the  laws  of  the  flow  of  water  are  such  that  like  conditions  will 
produce  like  results.  The  law  of  averages  must  be  invoked  and  deviations 
from  standard  conditions  studied  and  classifled  with  great  care. 

SELECTION  OF  STATIONS  AND  DISTBIBUTION  OF  RAINFALL. 

Since  the  river  forecaster  for  quick-rising  streams  must  depend  almost 
entirely  on  the  quantities  of  rainfall  over  the  watershed  and  their  distribution, 
68436— VOL  n— 17 43 
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it  is  necessary  that  there  be  enough  stations  properly  distributed  and  with  tlie 
best  possible  facilities  for  transmitting  reports  by  telegraph  or  telephone. 
These  stations  should  be  carefully  organized  and  the  observers  should  be  thor- 
oughly instructed  in  their  duties  and  given  such  rules  regarding  the  sending 
of  reports  as  will  prevent  any  condition  with  an  element  of  danger  escaping  tbe 
notice  of  the  central  office  of  the  river  district. 

It  has  been  found  for  the  Savannah  River,  and  will  no  doubt  prove  equally 
true  of  other  streams,  that  a  consistent  horizontal  distribution  of  stations  Y&ry 
largely  eliminates  the  question  of  distribution  of  rainfall,  excepting  summer 
showers,  from  the  problem  of  determining  the  ultimate  height  to  be  predicted. 
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FiQ.  1.— The  Savaimah  River  watershed  above  Augusta,  Ga.   Area,  7,2M  eqnare  nUka.  » 

though  the  question  of  distribution  may  well  be  considered  in  approximating 
the  time  to  expect  the  crest.  This  does  not  mean  that  the  stations  should  be 
equidistant,  for  in  such  an  arrangement  drainage  areas  of  major  Importance 
would  be  given  the  same  weight  as  relatively  insignlflcaut  areas.  Over  the 
basins  drained  by  larger  and  more  numerous  streams  should  be  placed  more 
stations  than  over  those  of  lesser  importance  in  accumulating  and  discharg- 
ing the  surface  run-off  from  rainfall.  This  disposes  of  topography  and  other 
permanent  physical  peculiarities. 

In  the  early  experiments  in  predicting  for  the  Savai)oah  River,  with  24-hoor 
rains  from  which  the  crest  would  reach  Augusta  in  18  to  24  hours,  the  waters 
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shed  was  divided  into  two  sections,  from  the  lower  of  which  tlie  crest  could  be 
expected  within  24  hours  and  from  the  other  in  about  48  hours.  The  reports 
from  the  upper  area  were  not  considered  in  the  computation.  It  was  soon 
learned,  however,  that  the  crest  height  was  materially  affected  by  the  support 
or  lack  of  support  from  water  from  the  upper  stretch,  and  that  better  results 
were  obtainable  from  the  average  of  the  precipitation  over  the  entire  water- 
shed. This  would  seem  to  suggest  to  other  students  a  general  rule  of  relation- 
ship between  adjacent  portions  of  watersheds  in  anticipating  the  effect  of 
24-hour  rainfall. 

Frequently,  as  was  stated  in  the  writer's  paper  on  the  predicting  of  high 
water  at  Augusta,  Ga.,  in  the  January  (1914)  Monthly  Weather  Review,  summer 
showers  do  not  distribute  themselves  generally  over  the  drainage  area,  and 
the  run-off  from  large  portions  may  be  Insignificant  or  entirely  lacking.  It  is 
in  such  cases  always  necessary  to  ascertain,  as  nearly  as  possible,  to  what 
extent  the  distribution  is  erratic.  A  knowledge  of  general  meteorological  con- 
ditions is  of  great  assistance,  and  it  has  been  found  that  river-gage  readings  at 
points  about  24  hours  distant  in  terms  of  rate  of  flow  are  often  very  helpfuL 

The  above-mentioned  aids  in  deteiiuining  the  character  of  the  distribution, 
are,  however,  in  the  Augusta  scheme,  merely  supplementary  to  the  following 
rules,  which  are  applicable  only  to  erratic  summer  thunderstorms  and  may  or 
may  not  be  found  to  apply  in  other  schemes.  In  a  complete  scheme  some  similar 
set  of  rules  would  seem  to  be  essential. 

1.  When  the  average  raliifall  for  all  stations  is  2  inches  it  is  rarely  advisable 
tn  reduce  the  estimate  on  account  of  Irr^ularities  in  distribution. 

2.  When  the  rainfall  averages  1.50  inches  or  somewhat  less — 

(a)  When  only  2  stations  in  10  have  less  than  0.50  inch  the  distribution 
should  be  considered  general  and  no  allowance  made  for  distribution. 

(b)  When  3  stations  in  10  have  less  than  0.50  inch  allow  three-fourths  to 
full  value,  after  making  allowance  for  ground  absorption. 

(c)  When  4  or  5  stations  in  10  have  less  than  0.50  inch  allow  for  a  rise  of 
only  one-half  value,  unless  2  or  more  of  the  other  stations  have  3  or  more 
inches  of  rain,  when  the  estimate  should  be  three-fourths  to  full  value,  after 
making  allowance  for  ground  absorption. 

Occasionally  heavy  rainfall  amounting  to  8.50  to  5  inches  in  24  hours  occur- 
ring in  a  rugged  portion  of  a  watershed  may,  though  apparently  local  in  char- 
acter, be  of  sufficiently  wide  distribution  to  cause  a  considerable  rise.  River 
gages  placed  below  such  regions  are  necessary  in  order  to  anticipate  such  a 
rise,  and  though  the  predictions  will  sometimes  be  in  excess  of  the  actual  crest 
stage,  they  will  usually  serve  all  practical  purposes. 

UBNGTH  OF  BECOBO  AND  THE  BUILDING  OF  A  SET  OF  BXnLSS. 

Exactly  how  long  a  record  would  be  necessary  in  any  individual  case  for 
the  establishing  of  a  law  of  averages  as  the  working  basis  of  a  forecast  scheme 
for  a  flashy  stream  must  be  determined  by  the  character  of  the  stream,  the  ar- 
rangement of  its  tributaries,  the  topography  and  character  of  soil  over  the 
watershed,  and  the  nature  of  the  weather  conditions  during  the  period  of  the 
record.  The  Augusta  scheme  was  devised  from  a  20-year  record,  but  the  un- 
expected and  surprising  consistency  of  action  of  the  river  under  conditions  fixed 
upon  as  standard  would  seem  to  Indicate  that  a  5-year  record  could  be  ad- 
vantageously used,  at  least  tentatively. 

At  the  outset  it  is  Important  that  the  observations  be  synchronous.  Although 
enough  24-hour  values  might  be  selected  from  the  records  of  stations  taking 
observations  at  different  hours  to  arrive  at  the  average  result  of  24-hour  rains. 
It  would  be  found  difficult  to  extend  the  scheme  into*  extra  24-hour  periods. 
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The  first  values  to  determine  are  the  normal  effects  of  different  amomits  of 
rain  In  prodncing  rises.  It  is  not  intended  to  reproduce  In  this  paper  the  detail 
work  preriously  published,  but  may  be  stated  In  general  terms  that  it  was 
found  for  the  Savannah  River  at  Augusta,  that  for  all  rains  falling  within 
24  hours  of  such  volume  as  to  cause  the  river  to  rise  to  any  staiee  und^  29 
feet,  tlie  average  rise  per  inch  of  rain  falling  within  24  hours  on  soil  previously 
wet  by  recent  rains,  from  any  initial  stage  under  16  feet,  is  &5  f^et  It  will 
be  noticed  that  notwithstanding  the  greater  capacity  of  tlie  river  at  the  higbor 
stages,  due  to  both  greater  width  and  greater  stream  velocity,  all  rains  less 
than  about  2.50  inches  adapt  themselves  to  the  same  formula.  This  can  be  so 
readily  explained  that  it  would  se«n  to  be  likely  to  be  true  in  principle  for 
other  streams. 

An  explanation  of  this  persistency  of  rise  is,  that  ground  absorption  reduces 
the  rise  while  the  river  is  at  lower  stages  so  as  to  counterbalance  much  of  the 
retarding  ^ect  of  the  increasing  width  of  the  stream  and  the  accelerated 
velocity  of  the  current  at  higher  stages.  The  greater  percentage  of  run-off  in 
a  given  time  from  the  faster  rate  of  fall  of  the  larger  amounts  of  rain  is 
Plough  greater  than  the  percentage  of  run-off  in  the  same  time  from  the  slower 
rate  of  fall  of  the  smaller  amounts  of  rain  to  materially  assist  in  giving  for 
the  larger  amounts  the  same  average  rise  in  feet  per  inch  of  rain,  with  high 
resultant  stages,  as  is  produced  by  smaller  amounts,  with  lower  stages. 

Since  the  object  was  to  construct  a  table  which  would  give  all  resultant 
stages  for  all  amounts  of  average  rainfall  over  the  watershed  on  all  initial 
stages,  the  next  8t^;Mi  in  the  Augusta  work  were  to  analysse  the  results  of 
rains  exceeding  2JS0  indies  in  24  hours  on  stages  below  16  feet  and  the  results 
from  all  rains  on  stages  16  feet  and  above. 

Enough  such  values  were  found  in  the  24-hour  rains  and  by  using,  under  a 
previously  verified  formula,  the  values  of  the  second  24-hour  period  of  rains 
covering  more  than  one  24-hour  period  to  construct  the  skeleton  of  the  fore- 
cast table  (Table  1).  The  remaining  values  were  ascertained  by  interpola- 
tion and  the  entire  table  smoothed  out  by  using  discharge  tables  furnished  by 
the  United  States  Geological  Survey. 

While  the  ordinary  values  could  readily  have  been  fixed  with  a  record  for 
10  years  or  even  less,  the  extraordinary  values  could  not  have  been  so  deter- 
mined for  the  Savannah  River.  From  a  study  of  Table  2  for  the  Savannah 
River,  however,  It  might  be  possible  to  construct  for  another  river  a  similar 
table  showing  increase  In  discharge  in  cubic  feet  per  second  per  half  inch  of 
rainfall  in  24  hours  which  would  make  possible  a  comprehensive  forecast  table 
from  a  small  amount  of  data,  the  operation  being  the  reverse  of  that  used 
at  Augusta.  The  steady  difference  noted  for  each  extra  half  inch  of  rain 
in  24  hours,  excepting  the  rather  flashy  results  from  rains  capable  of  pro- 
ducing stages  of  only  30  feet  or  less  and  the  slight  effect  of  light  to  moderate 
rains  on  high  initial  stages,  is  believed  to  offer  a  short-cut  solution  of  problems 
for  other  streams. 

SNOW  AND  ICB. 

While  the  effect  of  melted  snow  does  not  enter  into  the  rules  for  the  Savannah 
River,  in  colder  climates  the  effect  of  snow  both  in  mountain  sections  and  over 
the  main  portion  of  the  watershed  is  of  great  importance.  Accurate  informa- 
tion as  to  the  contribution  to  a  freshet  likely  to  come  from  this  source  in  case 
of  warm  winter  or  spring  rains  must  be  constantly  at  hand  during  the  danger 
season. 

The  breaking  up  of  ice  and  the  possibility  of  its  Jamming  into  packs,  how- 
ever, presents  such  uncertainties  that  in  most  instances  the  problem  would 
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doubtless  baffle  efforts  at  solution.  If  bends  in  the  stream  or  other  physical 
peculiarities  make  such  occurrences  more  likely  at  certain  points  tluin  at 
others,  there  should  be  constant  vigilance,  and  frequent  r^;K)rts  from  such  points 
would  be  most  advantageous  to  the  river  forecaster  during  p^iods  of  apprehen- 
sion or  danger. 

SOIL  CONDITIONS. 

Perennial  agriculture  is  practiced  in  the  Piedmont  section  of  Georgia  and 
South  Carolina.  The  soil,  which  is  at  all  seasons  largely  in  well-tilled  condi- 
tion, is  clay  overlying  gneiss  and  granite.  It  is  a  good  absorber  of  moisture 
until  its  capacity  is  r*»Ached,  after  which  the  contour  farming  which  is  gener- 
ally practiced  tends  in  some  measure  to  retard  the  rapid  accumulation  of  rain 
water  in  the  streams,  but  the  country  is  hilly  and  the  accumulation  is  always 
rapid.  Soil  conditions,  as  to  cultivation,  are  about  the  same  tiuroughout  the 
winter  and  early  spring  as  they  are  in  the  spring  in  colder  climates.  In  the 
simimer  conditions  are  about  the  same  in  all  latitudes. 

Where  there  is  no  winter  tillage  of  the  soil  and  the  ground  is  packed  or 
frozen  when  heavy  spring  downpours  come,  extra  allowance  must  be  made  for 
rapid  run-off  and  the  likelihood  of  the  formation  of  double-headera  It  might  in 
studying  some  streams  be  found  necessary  to  have  a  separate  tabular  scheme 
to  cover  such  exigencies. 

Absorption  varies  with  ground  conditions,  ns  to  moisture  and  cultivation,  and 
with  rate  of  rainfall.  Slowness  of  rain  on  moist  or  even  wet  soil  causes  a 
greatly  reduced  and  better  regulated  surface  run-off,  and  on  loose  soil  that  is 
either  dry  or  only  slightly  moist  such  rain  will  be  almost  entirely  absorbed. 
Heavy  rain  on  any  kind  of  soil  has  a  relatively  high  percentage  of  run-off,  par- 
ticularly in  hilly  country,  such  as  characterizes  the  watersheds  of  flashy 
streams. 

Many  rains  averaging  more  than  an  inch  for  the  Savannah  River  watershed 
are  negligible  in  so  far  as  the  predicting  of  stages  of  18  feet  and  over  is  con- 
cerned. Averages,  especially  in  warm  weather,  must  be  subjected  to  reductions 
of  from  0.25  to  1  inch  before  being  carried  to  the  forecast  table.  When  an  ad- 
ditional reduction  must  be  allowed  in  the  estimated  rise  on  account  of  erratic 
distribution  of  summer  showers  it  is  often  found  unnecessary  to  make  a  fore- 
cast on  rains  that  if  distributed  generally  would  give  a  much  higher  stage. 

To  attempt  to  lay  down  fixed  rules  for  allowances  to  be  made  for  ground  ab- 
sorption would  be  futile.  A  little  experience  and  the  knowledge  and  trained 
Judgment  of  a  person  familiar  with  meteorological  work  are  essential.  Mudi 
depends  upon  the  season  of  the  year,  the  character  of  the  weather  as  to  tem- 
perature, cloudiness,  wind,  and  previous  rains,  and  the  condition  of  the  soil  as 
to  cultivation.  The  records  should  be  carefully  studied,  tabulations  and  either 
detailed  diagrams  or  charts  being  required.  The  preparation  of  a  table  similar 
to  Table  8  is  a  most  helpful  preliminary  st^.  River  gage  readings  at  points 
upstream  also  assist 

BXTKNSION  OF  THR  BIVER  F0RBCA8T  8GHBMB  BEYOND  ONE  24-HOXm  FBBIOD. 

When  rain  occurs  over  the  Savannah  River  watershed  on  two  or  more  con- 
secutive days  it  is  necessary,  on  the  second  and  subsequent  days,  to  add  to  the 
average  rainfall  for  all  of  the  stations  80  per  cent  of  the  average  reported  from 
the  upper  section  on  the  preceding  day.  Fixing  upon  80  per  cent  was  the  result 
of  experiment  with  the  records  and  in  practical  work.  When  it  is  necessary  to 
make  allowances  for  ground  absorption  and  erratic  run-off,  they  should  be  ap- 
plied to  the  rainfall  averages  before  any  other  computations  are  attempted. 
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The  application  of  the  rule  in  practice  is  exemplified  in  table  4,  in  which 
are  given  computations  for  all  long  rains  resulting  in  stages  of  25  feet  or 
over  at  Augusta  from  1882  to  1913,  and  for  the  1888  freshet,  for  which  rainfall 
records  for  four  well-located  stations  were  available. 

The  following  comments  and  rules  are  of  the  utmost  importance  in  river 
forecast  work  at  Augusta : 

1.  When  more  rain  is  expected  to  fall  during  the  day,  from  1  to  3  feet  may 
be  added  to  the  estimate  based  on  the  morning  reports,  but  when  the  river 
is  above  15  feet  or  when  there  is  a  possibility  of  general  heavy  rain,  special 
observations  should  be  telegraphed  from  all  stations  at  2  p.  m.  or  5  p.  m.,  or 
both.  At  times  the  river  responds  to  rainfall  so  quickly  that  it  is  no  easy 
matter,  even  by  the  liberal  use  of  a^)ecial  observations,  to  make  a  forecast  that 
shall  be  both  timely  and  accurate.  That  there  may  be  no  possibility  of  the 
forecaster  being  taken  by  surprise  by  unexpected  developments,  in  addition 
to  telegraphing  each  0.50  inch  or  more  for  the  24  hours  ending  at  8  a.  m., 
rainfall  observers  report  each  inch  as  it  falls  between  8  a.  m.  and  5  p.  m., 
giving  in  each  message  the  total  since  8  a.  m. 

2.  It  is  important  to  distinguish  between  rains  occurring  in  two  separate 
24-hour  periods  and  those  falling  within  24  hours,  though  partly  before  and 
partly  after  8  a.  m.  A  compromise  is  occasionally  advisable,  especially  when 
the  rainfall  is  continuous. 

3.  The  first  estimate  should  always  be  based  on  the  initial  stage,  i.  e.,  the 
stage  before  the  rains  under  consideration  began  to  affect  the  river,  even 
though  there  is  already  a  considerable  increase  in  the  river  stage. 

4.  When  rainfall  reports  are  received  for  an  additional  24-hour  period,  and 
the  river  stage  is  lower  than  was  indicated  by  the  rainfall  reports  of  the 
previous  morning,  base  the  forecast  on  the  8  a.  m.  stage,  unless  there  is  reason 
to  believe  the  rise  from  the  rains  reported  on  the  previous  morning  has  not 
approximately  reached  its  crest 

5.  When  the  8  a.  m.  stage  exceeds  the  estimate  based  on  the  reports  of  the 
previous  morning  and  the  excess  rise  can  not  be  charged  to  the  effect  of  rains 
represented  by  the  current  reports,  use  the  8  a.  m.  stage  as  the  basis  of 
estimate. 

6.  When  the  8  a.  m.  stage  exceeds  the  estimate  based  on  the  reports  of  the 
previous  morning,  and  the  excess  rise  is  chargeable  to  the  rains  represented 
by  the  current  reports,  use  as  a  basis  of  estimate  the  theoretical  stage  indicated 
by  the  reports  of  the  previous  morning. 

7.  When  handling  special  rainfall  reports — i.  e.,  reports  of  observations  taken 
at  any  hour  other  than  8  a.  m. — it  is  usually  advisable  to  add  to  the  average 
of  the  special  reports  30  per  cent  of  the  8  a.  m.  average  for  the  upper  section 
of  the  watershed  and  base  the  computation  on  the  theoretical  estimate  result- 
ing from  the  8  a.  m.  reports.  It  is,  however,  sometimes  better  to  consider  the 
rain  during  the  interval  between  8  a.  m.  and  the  hour  of  the  special  observa- 
tions a  continuation  of  the  rains  reported  at  8  a.  m.  and  treat  the  sum  of  the 
two  averages  as  rainfall  within  24  hours. 

DOUBLE-HEADEES. 

Obviously  the  extreme  height  of  a  river  at  and  near  the  point  of  confluence 
of  a  tributary  stream  depends  on  whether  the  crest  of  the  water  from  the 
tributary  reaches  the  main  stream  simultaneously  with,  or  before,  or  after,  the 
passing  of  the  crest  of  the  flood  in  the  main  stream.  A  combining  of  the  two 
crests  is  known  as  a  double-header  and  gives  in  the  main  stream,  until  the  flow 
regulates  itself,  a  greater  depth  of  water  than  would  a  better  roffulnted  dis- 
charge. 
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There  may  be  river  oystems  in  which  double-headers  are  a  normal  condition 
of  nuM>ff  from  rain  falling  over  the  entire  watershed  at  the  same  time.  In 
such  a  river  system  a  marked  deficiency  or  marked  excess  of  rain  in  the  basin 
of  the  tributary  might  affect  the  estimate  and  there  might  be  an  exception  to 
the  general  rule  that  physical  features  of  a  permanent  character  are  elimi- 
nated from  consideration  by  placing  stations  according  to  the  importance  of 
the  subareas.  Here  it  would  be  advisable  to  consider  whether  or  not  the 
physical  condition  is  such  as  to  give  variable  results  from  run-off  from  the 
tributary  to  occasion  modifications  in  the  forecast  scheme.  While  the  rule  of 
averages  would  probably  hold  even  in  such  a  case,  the  matter  should  be  care- 
fully investigated.  In  other  systems  the  double-headers  are  only  occasional 
and  can  occur  only  when  the  rain  in  the  tributary  basin  is  unduly  hastened  or 
unduly  delayed  in  comparison  with  the  time  of  occurrence  over  the  watershed 
of  the  main  stream. 

Most  of  the  tributaries  of  the  Savannah  River  enter  far  enough  above  Augusta 
to  give  the  water  ample  opportunity  to  smooth  out  before  reaching  the  city. 
Stevens  Creek,  which  is  ordinarily  a  small  stream,  but  drains  a  large  area,  and 
at  times  swells  to  quite  formidable  proportions,  however,  enters  the  river  only 
about  0  miles  above  Augusta  and  has  in  one  known  instance  considerably  in- 
creased the  height  at  Augusta  by  combining  its  crest  with  that  of  the  main 
stream. 

By  good  fortune  the  writer  has  come  into  possession  of  the  diagram  repro- 
duced herewith  as  figure  3.  This  shows  the  river  curves  of  the  freshet  of 
March,  1912,  at  Woodlawn,  about  12  miles  above  Augusta ;  the  Qeorgia-Carolina 
Power  Ck>.  dam  site  (before  the  dam  was  erected),  about  0  miles  above  Augusta ; 
at  the  mouth  of  Stevens  Greek ;  at  the  Augusta  locks,  about  5  miles  above  the 
city  bridge;  and  at  the  city  bridge.  The  effect  of  the  Stevens  Creek  water  is 
well  marked.  Usually  the  Stevens  Creek  water  passes  in  advance  of  the  crest 
in  the  river. 

There  are  no  doubt  flashy  streams  for  which  the  prediction  of  double-headers 
would  be  a  problem  of  rather  difficult  complications,  particularly  in  view  of  the 
fact  that  little  or  no  opportunity  would  be  afforded  for  gage  readings  to  be 
utilized.  A  very  careful  study  of  rainfall  distribution  and  the  relative  time  of 
occurrence  at  stations  should  be  made. 

BIVEB-OAGE  BKLATIONS. 

Although  only  about  one-third  of  the  watershed  of  the  Savannah  River  above 
Augusta  lies  beyond  Carlton,  6a.,  and  Calhoun  Falls,  S.  C,  not  including  remote 
mountain  districts,  it  has  been  found  that  the  river-gage  readings  at  those 
points  are  of  very  great  assistance.  More  and  more  dependence  is  being  placed 
in  them  to  assist  in  making  allowances  for  ground  absorption  and  erratic  run-off. 
After  allowing  time  for  the  rivers  to  undergo  maximum  rises  at  the  points 
named.  Table  5,  derived  from  a  study  of  gage-relation  diagrams  for  individual 
rises,  is  used. 

LATITUDE  IN  F0BBCA8TS  BEST  SERVES  THE  FX7BIJC  INTEBX6T8. 

Since  in  making  predictions  for  flashy  streams  there  is  often  more  or  lest 
uncertainty,  sometimes  amounting  to  several  feet  on  the  gage,  latitude  in  stat- 
ing river  forecasts  sometimes  gives  more  complete  information  and  a  presenta- 
tion of  the  facts  better  suited  to  the  needs  of  the  public  than  would  a  definitely 
named  figure. 

The  rules  on  this  point  at  Augusta  are : 
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1.  When  DO  more  rain  is  indicated  and  tlie  problem  is  dean  cat  no  latitude  Is 
necessary. 

2.  When  no  more  rain  is  indicated  but  the  problem  involves  uncertainties 
a  latitude  of  1  or  2  feet  may  be  taken. 

3.  When  more  rain  is  indicated  it  is  always  advisable  to  take  a  latitude  of  2 
feet,  as  26  to  28  feet  or  90  to  82  feet 

BSLATION  OF  THE  HOUBLT  BATE  OF  BISE  TO  THE  XJLTIUATE  STAGE. 

So  much  does  the  time  of  the  beginning  of  the  rise  and  the  hourly  rate  of  rise 
at  stages  under  20  feet  depend  on  the  distance  of  the  greatest  rainfall  from 
Augusta  that  reliable  rules  of  relationship  between  the  hourly  rate  of  rise  at 
such  stages  and  the  maximum  stage  likely  to  be  reached  are  impossible  to 
calculate. 

In  an  accompanying  diagram  the  hourly  rates  of  rise  for  all  freshets  for 
which  data  are  available  have  been  plotted.  From  this  diagram  has  been  de- 
duced Table  6,  showing  the  relation  likely  to  exist  at  Augusta  between  the 
hourly  rate  of  rise  above  22  feet  and  the  ultimate  maximum  stage.  Figures 
of  this  Idnd  must  be  used  with  Judgment  and  due  consideration  of  whether  rain 
is  still  falling  or  more  rain  is  expected.  It  may  be  well  to  state  that  a  brisk 
downstream  wind  will  tend  to  lower  the  maximum  stage,  while  an  upstream 
wind  will  increase  it  somewhat. 


Table  1. — StageM  normally  resulting  in  the  Savannah  River  at  Augusta,  Oq., 
from  rainfall  over  the  tnatershed,  after  deducting  from  average  rainfall  an 
allowance  for  ground  absorption  and  after  adding  SO  per  cent  of  previous 
day's  average  for  upper  section  minus  absorption. 


Initial  stage. 

1.00 

1.60 

3.00 

3.60 

3.00 

8.60 

4.00 

4.60 

6.00 

ft.  10 

Sfeet 

16.6 
17.6 
18.6 
10.6 
30.6 
31.6 
32.6 
33.0 
33.6 
24.0 
34.4 
34.8 
35.3 
35.6 
36.0 
36.4 
36.8 
37.2 
37.6 
38.0 
38.6 
29.0 
30.0 
31.0 
82.0 
88.0 
84.0 
86.0 
86.0 

30.8 
21.8 
33.8 
33.8 
34.8 
36.8 
36.7 
37.6 
37.0 
28.2 
28.4 
28.6 
38.8 
30.1 
30.4 
30.6 
30.8 
30.0 
80.1 
30.2 

36.0 
26.0 
27.0 
38.0 
30.0 
30.4 
30.7 
30.0 
30.2 
30.4 
30.6 
30.8 
31.0 
31.3 
31.4 
31.6 
31.7 
31.8 
31.0 

30.0 
20.6 
20.8 
30.2 
30.6 
3L0 
31.4 
31.8 
32.0 
32.2 
33.4 
33.6 
83.  R 
33.0 
88.0 
83.1 
83.3 
33.4 
38.6 
38.6 
33.7 
38.0 
34.1 
84.6 
86.1 
86.6 
86.1 
86.6 
86.0 

81.1 
31.4 
31.7 
83.0 
83.3 
83.7 
38.1 
33.6 
33,7 
33.0 
34.0 
84.1 
84.3 
34.4 
34.6 
34.6 
34.7 
84.0 
84.0 
35.0 
35.1 
35.3 
35.3 
86.8 
86.3 
36.7 
37.1 
87.6 
87.0 

83.0 
38.1 
88.3 
88.6 
33.7 
84.1 
34.6 
34.0 
35.0 
35.1 
35.3 
35.8 
35.4 
35.6 
85.7 
85.8 
35.0 
36.0 
36.1 
36.1 
36.3 
36.3 
36.4 
86.0 
37.3 
37.7 
38.1 
88.6 
88.0 

84.4 

84.6 
84.7 
34.0 
85.1 
35.4 
35.7 
86.0 
86.3 
36.3 
36.4 
36.6 
36.6 
36.7 
36.8 
36.0 
37.0 
37.1 
37.3 
37.2 
87.3 
37.4 
37.6 
37.0 
38.8 
38.7 
30.0 
30.8 
30.6 

36.6 
35.7 
35.0 
36.1 
36.8 
36.6 
36.8 
37.1 
87.3 
87.3 
37.4 
37.6 
87.6 
87.7 
87.8 
37.0 
38.0 
88.0 
38.1 
38.1 
38.2 
88.3 
38.4 
38.8 
30.1 
30.4 
80.7 
40.0 
40.3 

86.6 
36.8 
37.0 
37.2 
87.4 
37.6 
37.8 
38.0 
38.1 
38.2 
88.3 
8S.4 
88.6 
88.6 
38L7 
88.8 
38.0 
88.0 
39.0 
30.0 
80.1 
30.2 
39.3 
306 
30  8 
40.0 
40.3 
40.6 
40.0 

87.7 

9  feet 

87.8 

lOreet 

87.9 

Ufeet 

88.1 

Mfeet 

88.8 

13  feet 

88.6 

14  fret. 

88.7 

Wfi^t 

38.0 

16  feet 

80.0 

17  feet 

80.1 

18  feet 

30.3 

10  feet 

80.3 

90  feet 

304 

31  feet 

80.6 

23  feet. 

30.6 

3sreet 

80.7 

34  feet 

30.7 

35  feet 

80.7 

36  feet 

30.8 

37  feet 

30.9 

38  feet 

30.3     9*L\ 

39.9 

30  feet 

80.6 
80.7 
81.6 
33.6 
38.4 
34.3 
36.0 
36.0 

33.3 
33.6 
33.1 
88.7 
84.8 
34.0 
36.6 
36.0 

40.0 

80  feet 

40.0 

81  feet 

40.3 

83  feet A.. 

40.5 

83  feet 

40.7 

84  feet 

40.9 

86  feet 

41.3 

86leet. 

41.4 

1 
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Table  2. — Increase  in  nin-off  in  cubic  feet  per  second  at  Augustay  Ga.,  resulting 
from  2i'hour  rainfall  over  the  Savannah  River  watershed. 


B»in. 

River 
stage. 

Run-off 

per 
second. 

Increase, 
rtm-ofl 

second. 

Rain. 

River 
stage. 

Run-Off 

per 
second. 

Increase, 
run-off 

second. 

/MdUf. 

Feet. 
10.0 

Cu.feet. 
10,000 

Cu.feet. 

Inchee. 

Feet. 
35.0 

Cu.feet. 
69,300 

Cu.feet. 

0.50 
1.00 
1.50 
300 
3.50 
3  00 
8.50 
400 
4.50 
5.00 
5.50 

0.50 
1.00 
1.50 
3  00 

3  50 
3.00 
350 
400 

4  50 
500 
5.50 

18.5 
33.8 
37.0 
39.8 

31.7 
38.8 
84.7 
35.9 
37  0 
87.9 

15.0 

35,500 
56.000 
83.500 
107.300 
135.300 
143,300 
161,300 
179.300 
197,300 
315.300 

33,000 

35,500 
33,500 
37.500 
33.700 
18,000 
18.000 
18.000 
18.000 
18.000 
18,000 

37.3 
30.0 
31.8 
33.4 
34.9 
34.0 
37.1 
38.0 
38.9 
39.7 

30.0 

85,666 
109,000 
137,000 
145,000 
163,000 
181,000 
199,000 
317,000 
335,000 
253,000 

109,000 

15,800 
24,000 
18.000 
18,000 
18,000 
18.000 
18,000 
18.000 
18.000 
18,000 

6.56* 

1.00 

1.50 

3.00 

3.50 

3.00 

3.50 

4.00 

4.50 

6.00 

5.50 

0.50 
1.00 
1.50 
300 
3.50 
3.00 
3.50 
4.00 
4.50 
5.00 
5.50 

3id* 

37.5 
80.0 
31.8 
33.5 
84.9 
36.0 
87.1 
38.0 
38.9 

30.0 

57.100 
87,500 
109.000 
137,000 
145.000 
163.000 
181.000 
199,000 
317,000 
335,000 

41,800 

34,100 
30.400 
31.500 
18.000 
18.000 
18.000 
18  000 
18,000 
18  000 
18,000 

30.0 
30.7 
33.5 
34.7 
35.8 
36.4 
37.5 
38.4 
39.3 
40.0 

35.0 

109,000 
116,000 
134,000 
153,000 
170,000 
188,000 
306.000 
234,000 
242,000 
200,000 

165,000 

00,000 
17,000 
8,000 
18,000 
18,000 
18,000 
1^,000 
18.000 
18,000 
18,000 

*6.56** 
1.00 
1.50 
3.00 
3.50 
800 
8.50 
4.00 
4.50 
5.00 
5.50 

0.50 
1.00 
1  50 
300 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
5  50 

35.2 
28.8 
31  0 

33  8 

34  3 
354 
86  6 
37.6 
38.5 
39.4 

70.700 
98,300 
118,500 
136,500 
154.500 
173.500 
190,500 
30S,500 
336,500 
344,500 

38,900 
37.600 
30.300 
18.000 
18.000 
18,000 
18.000 
18,000 
18.000 
18.000 

35.0 
35.0 
35.5 
36.5 
37.5 
38.5 
39.3 
40.0 
40.6 
41.3 

165,000 
165,000 
175.000 
189,000 
207.000 
225,000 
243,000 
361,000 
279,000 
297,000 

00,000 
00,000 
10.000 
14,000 
18,000 
18.000 
18,000 
18,000 
18,000 
18  000 

Table  3. — Effect  of  rainfall  over  the  toatershed  in  two  or  more  2i'h>our  periods 

on  Savannah  River  stages  at  Augusta,  (}a, 
(Estimates  of  rise  based  on  Table  1  after  deducting  allowances  for  ground  absorption  and  slow  and  erratic 

run-off  (h>m  rainfall  averages.) 


Date. 

Average 
rain. 

Abeorp- 
tion,eto. 

Plus  30 
percent 

last 
upper. 

Average, 
secti^. 

Initial 
stage. 

Stage  at 
8  a.m. 

Esti- 
mated 
stage. 

Highest 
stage. 

Sept.  9, 1888 

Inekes. 
3.34 
3.98 
1.43 
1.45 
0.94 
a53 
0.57 
1.76 
0.81 
1.03 
0.71 
1.84 
1.47 
3.57 
a85 
0.74 
a99 
1.24 
L89 
8.34 
1.59 
a79 
0.55 
0.98 
a35 
1.45 
L84 
1.99 

IfKAes. 
0 
0 
.19 

.53 

.53 

.50 
.30 

0 

.50 
1.00 
1.83 
0 
0 
0 
0 

.35 
0 
0 
L55 

Inches. 

Inches. 
L40 
1.46 
L04 
2.03 
0.87 
0.29 
0.36 
1.51 
0.67 
1.92 
L04 
2.67 
1.57 
1.90 
0.79 
0.90 
a85 
0.96 
L60 
1.88 
1.16 
L24 
0.04 
L15 
0.57 
LOO 
2.17 
2.94 

Feet. 
23.0 

Feet. 
33.5 
34.7 
17.0 
36.2 
31.0 

8.3 
13.9 
18.8 

9.8 
19.2 

6.5 
10.1 

9.3 
25.0 
1L6 
22.5 
27.0 
27.6 

8.8 
22.4 
29.2 

n.2 

18.6 
23.9 
17.7 
19.4 
15.3 
38.4 

Feet. 
32.7 

139.3 
26.2 
3L0 
3L8 
13.7 

U8.3 
27.1 
16.7 

125.8 
10.1 
27.0 
15.9 

130.5 
18.8 

124.8 

128.5 
28.3 
13.9 

129.2 
30.9 
17.9 
23.9 
36.6 
17.7 
28.4 
29.3 
39.0 

FeeL 

Smiib,  i888 

4.40 

88.7 

Jan.  18, 1802 

17.0 

Jan.  19, 1802 

1.76 
L56 

Jan.  20, 1802 

33.8 

Mar.  24. 1882 

8.*3 

Mar.  28  1892....:::.. 

0.66 
L34 

¥m>.  W'  1892 

36.6 

F»b.l2;i883 

9.8 

Feb.  13. 1883 

1.23 
0.95 
1.99 

25.4 

Dec  11. 1894 

6.5 

Dec  13, 1894 

26.3 

Jan.  971895 

7.7 

Jan.  10. 1896 

2.00 

30.5 

Har.  13, 1896 

1L6 

Har.  1411895 

0.98 
1.24 
1.00 

lCar.l5  1896 

Har.  16;  1896 

si'i 

July7,i896 

6.3 

Jnlv8,1886 

2.00 
1.61 

July£l896 

S30.5 

Mar.  n,  1W7 

1L3 

Har.  1311897 

0.92 

Mar.  14, 1897 

35.6 

Apr.  4, 1897 

17.7 

Apr.  5, 1897 

1.52 

29.3 

8^f,w9«....:;:::: 

16.3 
«38.4 

*29.0 

Sept.  3, 1806 

1.00 

29.0 

1  Estimated  rise 
sA^36-lbot  stage 


_  on  theoretical  estimate  flrom  rainftdl  reported  at  8  a.  m.  of  the  previoos  day. 
predicted  on  July  8, 1806,  and  seems  to  have  been  conservative. 
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l^AHLE  A,— Effect  of  ground  ahiorptUm  and  iloto  and  erratic  runoff  on  the  rela- 
tion between  24'hour  rains  and  river  stagei  at  Augusta^  Qa, 


Date, 

Average 

AbBOrp- 
tion,  etc. 

Initial 

Normal 

Actual 

Highest 

CoDditior 

Character 

ralD. 

stage. 

rise. 

rise. 

stage. 

of  soil. 

of  rain. 

Tnchct. 

Inches. 

Feet. 

Feet. 

Feet. 

Feet. 

M^aMttyr,,, 

Oct.ia.liWS 

1.12 

.57 

7.6 

9.6 

4.8 

12.4 

.!!7o.v.:: 

Showers. 

1.82 

.35 

6.3 

15.6 

13.5 

18  8 

Steady. 

1.14 

.21 

5.8 

9.7 

7.9 

13.7 

...do 

Slow. 

N<>v.3.l8&1.. 

1.28 

.30 

7.0 

10.9 

8.3 

15.8 

...do 

Showers. 

Jan,  17, 1896 

1.63 

.46 

6.5 

13.8 

10.2 

16.7 

...do 

Steady. 

Fel),fi,  18S6. 

Jaj&Ai.mJ. 

1.66 

.30 

12.0 

13.3 

10.7 

22.7 

Moist... 

Da 

1.28 

.50 

5.8 

lao 

6.6 

12.4 

iiat.:: 

Da 

F«b.^,18^.„.„,. 

1.18 

.15 

7.2 

10.0 

8.8 

16.0 

Do. 

Feb.tt,t8»7 ... 

2.31 

.45 

11.6 

19.4 

15.9 

27.5 

...do 

Da 

JtUTl8.1Sff7 

flapt.aS^tW 

1.91 

.65 

6.7 

16.2 

10.9 

16.6 

.^Z::::: 

Da 

2.22 

1.30 

4.5 

18.9 

8.0 

12.5 

Da 

Not,  27,  1807 

1.25 

.85 

6.0 

12.6 

3.6 

8.6 

...do 

Da 

Apr.5.  4998. 

1.82 

.65 

8.6 

15.6 

10.0 

18.5 

Moist... 

Da 

Apr,M,lS9S 

1.06 

.50 

6.8 

9.0 

5.0 

11.8 

...do 

Da 

Jan.  11,  isai9., ,...,. 
Mar.31,  IgaB 

0.90 

.50 

12.8 

7.6 

4.4 

17.2 

...do 

Stow. 

0.90 

.27 

13.6 

8.4 

6.1 

19.6 

...do 

Showars. 

July  27,1899........ 

0.96 

.36 

7.0 

8.1 

6.7 

12.7 

Dry 

Steady. 

Aiij;.30,  IKW 

1.18 

.03 

9.2 

10.0 

2.2 

11.4 

Wet 

Showers. 

Maf.lfl.ieOO.. 

1.30 

.30 

lao 

10.2 

7.8 

17.8 

Moist... 

Steady. 

JuD*I7,  ItiOO 

1.46 

.47 

11.5 

12.3 

8.3 

19.8 

...do 

Showers. 

Jill?  30,  1900 

1.10 

.87 

11.0 

10.1 

2.7 

18.7 

...do 

Steady. 

Fob. »,  lyni.- 

0.90 

.46 

12.5 

7.6 

3.6 

16.1 

...do 

Da 

JiitiftTplflOl ..- 

1.35 

.66 

9.7 

11.6 

6.7 

16.4 

.f'fc: 

Showers. 

June  16,1^-!....... 

1.83 

1.08 

9.5 

15.6 

6.4 

15.9 

Da 

July  11,  1903 

1.54 

1.00 

9.7 

13.1 

4.6 

14.3 

...do 

Da 

Jan.  23,  IWH 

1.28 

0.60 

7.8 

10.9 

6.7 

13.0 

.!!7oV;.:: 

Da 

rj*0,3,iy05,.. 

2.60 

.85 

6.0 

21.2 

18.9 

19.9 

Steady. 

lJeo.9,  lOftS 

1.79 

.60 

8.6 

15.2 

10.2 

18.8 

Moist... 

Blow. 

Mar?.  IflOft. ..-..- - 

1.12 
1.30 

.70 
.74 

9.0 
8.2 

9.5 
11.0 

3.7 
4.8 

13.7 
13.0 

.'^o- 

Da 

Majr,  1900 

Showers. 

Joneia,  i«», 

2.61 

1.06 

8.8 

21.8 

1X2 

21.0 

...do 

Steady. 

Juiy  9.iyQii.. 

JulylS,  iSOfl 

1.36 

'.86 

10.0 

11.6 

8.6 

18.6 

...dp 

Showers. 

1.60 

.28 

9.1 

14.4 

U.0 

31.1 

Moist... 

Da 

July  30, 1906....... 

1.07 

.22 

10.8 

9.4 

7.2 

18.6 

.!'.7ov;.:: 

Da 

Apr.33.lti07 

1.73 

.38 

8.0 

14.7 

11.5 

19.5 

Steady. 

Jim*  1,1907 

1.20 

.36 

7.8 

ia3 

7.2 

16.0 

...do 

Showers. 

June  38. 190? 

1.67 

.78 

7.6 

13.3 

6.7 

14.3 

Moist... 

Steady. 

Sept.  23,  1907 

1.49 

.33 

6.9 

13.7 

9.9 

15.8 

MoLt.'.*: 

Showers. 

JJar.21,  l«08...... 

1.17 

.66 

9.6 

9.9 

4.3 

13.8 

Steady. 

JinifllS,  I90S 

1.00 

.63 

8.8 

8.6 

4.0 

13.8 

Mo&t .'.'.' 

Showers. 

Nov.  H,  1Q0» .. 

1.11 

.66 

8.6 

9.4 

8.8 

13.4 

Steady. 

Auit.3,l90fl 

1.76 

.64 

10.1 

16.0 

10.4 

30.5 

...do 

Showers. 

«^t.l»,l9(KJ 

1.06 

.68 

14.9 

9.0 

3.9 

18.8 

...do 

Da 

Oct.  15,  isoa. 

1.43 

.44 

8.3 

13.2 

8.6 

16.9 

.""z- 

Da 

Apr,  17»  1910 

1.76 

.95 

8.2 

15.0 

7.0 

16.3 

Steady. 

Oct.g,19J0 .,. 

Mar  J7, 1911 

2.04 

1.20 

10.9 

17.3 

7.3 

18.1 

...do 

Da 

1.14 

.45 

7.6 

9.7 

6.0 

13.6 

...do 

Da 

AprR^mi... 

July  U,  1911 

Oct.  2?,19U. 

1.02 

.68 

13.2 

8.7 

4.6 

17.8 

Moist... 

Showers. 

1.23 

.62 

8.4 

9.4 

5.3 

13.6 

Jiat.;: 

Do 

1.68 

.76 

8.6 

13.4 

6.9 

15.4 

Stow. 

Oct.  ^»  mi 

1.47 

.62 

8.7 

13.6 

7.3 

16.9 

...do 

Steady. 

Nin?.7,19U 

1.10 

.36 

7.0 

9.4 

6.5 

13.6 

...do 

Da 

Ho\r.  9,  mi... 

1.40 

.60 

13.5 

12.7 

7.1 

30.6 

Wet 

Slow. 

Jaa.  9, 1912... 

1.26 
1.97 

.25 
.32 

ia8 

9.2 

10.7 
16.7 

8.4 
14.0 

19.3 
33.2 

...do 

...do 

Steady. 

llil.30/t*Jf2.„_... 

Da"^ 
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Table  5. — Relation  of  the  mean  of  the  river  stages  at  Carlton  and  Calhoun 
Falls  to  the  ultimate  maximum  stage  at  Augusta. 


Au^sta  24  hours  later. : 

CarltQn+ 
CaDioun 

Falls. 

Will 

But  not 

reach— 

over— 

Fed. 

Feet. 

Feet. 

6 

18 

22 

6 

20 

26 

7 

21 

27    ' 

8 

22 

28 

9-10 

25 

32    ^ 

11-12 

26 

33 

13-14 

28 

34 

15-16 

29 

34 

17-18 

.30 

35 

l»-20 

31 

3C    , 

21-22 

32 

37    ; 

28-24 

33 

37    ' 

2&-20 

34 

38 

27-28 

37 

39 

29-80 

38 

40 

Tabix  6.  ~  Hisc  to  he  expected  in  the  Savannah  River  at  Augusta,  Qa,,  for  wi* 
rioits  rates  of  rise  per  hour. 


Maximum 

stage     ex- 
to  be  between 

Maximum     stage     ex- 

pected 

pected  to  be  orer  30 

^  and  30  feet. 

feet. 

Hourly 

Indicates 

Hourly 

Indicates 

rise. 

further  rise. 

rise. 

farther  rise. 

Feet. 

Feet, 

net. 

Feet, 

0.1 

0.5  or  less. 

ai 

LO  or  less. 

.2 

L0toL5 

.2 

LOto  2.0 

.3 

1.0  to  3.0 

.3 

3.0 to  5.0 

.4 

2.0to3.0 

.4 

3.5  to  5.0 

.5 

3.0  to  5.0 

.5 

3.5 to  5.5 

.6 

3.0  to  5.5 

.6 

4.0  to  6.0 

.7 

3.0  to  6.0 

.7 

5.0  to  7.0 

.8 

4.0to8.0 

.8 

5.0  to  8.0 

LO 

6.0  to  10.0 

1.2 

8.0  to  12.0 

L3 

9.0  to  18.0 

WIND  VELOCITY  AND  ELEVATION. 

By  W.  J.  HUMPHREYS. 
Professor  of  Meteorological  Physics,  U,  S.  Weather  Bureau,  Washington,  D.  C. 

OBSERVATIONS. 

Everyone  knows  that  the  wind  increases  with  increase  of  elevation.  Eiven 
casual  observations  of  such  objects  as  sails  of  ships,  tops  of  trees,  columns  of 
smoke,  or  isolated  clouds  suffice  to  show  qualitatively  that  wind  velocity  in- 
creases with  height  above  the  surface,  while  measurements  made  by  triangula- 
tion  on  freely  drifting  clouds  and  balloons  or  by  anemometry  on  tethered 
kites  fully  support  the  conclusions  reached  by  the  simpler  methods  Just  men- 
tioned.   Near  the  surface  of  the  earth,  up  to  from  2  to  8  meters  over  an  open 
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plane,  the  condition  of  the  wind  upon  whose  force  this  limit  depends  may  be 
summarized  as  follows: 

Actual  velocity,  exceedingly  irregular. 

Average  velocity,  increases  rapidly  with  elevation. 

Rate  of  velocity  increase — (a)  increases  with  average  velocity;  (6)  de- 
creases with  elevation. 

Above  the  turbulent  surface  layer  the  wind  increases  so  nearly  regularly 
with  elevation  that  its  approximate  velocity  at  any  level  up  to  16  meters  may 
be  computed,  according  to  Stevenson/  from  its  observed  velocity  at  some  other 
height  by  the  empirical  equation — 

in  wliich  V  \B  the  computed  wind  velocity  for  the  level  H  in  terms  of  the  known 
velocity  V  at  the  height  h,  both  elevations  being  expressed  in  feet 
If  the  heights  are  given  in  meters,  this  equation  becomes — 


Other  empirical  equations  expressing  the  relation  of  wind  velocity  to  eleva- 
tion have  been  given  for  greater  heights.  Archibald,'  for  instance,  finds  that  his 
velocity  observations  between  100  and  000  meters  elevation  fairly  satisfjr 
the  simple  equation — 

Shaw'  suggests  as  a  likely  formula — 


=^v. 


a 

in  which  V  is  the  wind  velocity  at  the  height  H  above  ground,  Vt  the  observed 
anemometer  velocity,  and  a  a  constant,  obviously  depending  upon  the  surround- 
ing topography,  anemometer  exposure,  and  perhaps  other  factors. 

Among  the  most  interesting  observations  on  the  relation  of  vrind  velocity  to 
altitude  are  those  of  Dr.  Cesare  FabrLs,*  based  on  some  200  pilot  balloon  flights 
made  at  nearly  equal  intervals  during  the  year  June,  1910,  to  May,  1911,  at  Vigna 
di  Valle,  principal  aerologlcal  station  of  the  Royal  Italian  Oceonographic  €k>ni- 
mlttee.  The  coordinates  of  this  station  are  N.  42*  04'  41" ;  B.  12*  12'  43" ;  alti- 
tude. 272.4  meters.    It  therefore  is  about  40  kilometers  northwest  of  Rome. 

The  general  results  of  all  the  observations  are  summed  up  in  figure  1«  whidi 
shows  four  distinct  regions : 

(a)  The  region  of  rapid  linear  increase  of  velocity  with  increase  of  altitude, 
extending  from  the  surface  (272  meters  above  sea  level),  where  the  velocity  is 
least  to  an  elevation  above  ground  of  roughly  300  to  500  meters.  This  obviously 
Is  the  region  in  which  the  winds  are  affected  by  surface  friction  and  the  re- 
sulting turbul^ice.  Clearly,  too,  the  average  number  of  eddies  and  their  conse- 
quent effect  on  velocity  must  rapidly  decrease  with  increase  of  elevation,  at  least 
near  the  surface,  substantially  as  indicated  by  the  given  velocity-altitode 
curves. 

(6)  The  region  of  velocity  decrease  with  increase  of  altitude;  about  200 
meters  thick  and  coming  immediately  above  a.    It  is  not  certain  whether  this 

A  Jr.  Scot.  Meteor.  Soc.,  6,  p.  848,  1880. 

'Nature,  88,  p.  598,  1885. 

"  Advisory  Committee  for  Aeronaatlcs,  Iteports  and  Memoranda,  66,  No.  9,  p.  8,  190t. 

*  R.  Comitato  Talassograflco  Italiano,  Memorla,  8,  pp.  87-46,  1012. 
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decrease  is  only  a  local  phenomenon,  or  one  of  very  general  occurrence,  and 
therefore  any  attempted  explanation  of  it  would  be  premature. 

(c)  A  region  of  irregular  winds  slowly  increasing  with  increase  of  altitude; 
extending  roughly  from  about  500  to  1,500  meters  above  the  surface.  These 
conditions  are  of  very  general  occurrence  between  the  levels  given.'  The  irregu- 
larity probably  is  due  to  that  frequent  convectional  mixing  induced  during  the 
day  by  insolation  and,  at  night,  by  cloud  evaporation. 

(d)  A  region  of  approximately  constant  increase  of  velocity  with  Increase 
of  elevation,  beginning  at  about  1,500  meters  nbove  the  surface  and  extending 
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Fia.  1.— Relatkms  of  wind  velocity  to  elevation,  ftfler  Fabrls. 

to  at  least  the  maximum  height  observed — 5,000  meters.  The  wind  velocities 
of  this  region,  being  out  of  the  reach  both  of  friction  and  convectional  dis- 
turbances, are  determined  by  the  prevailing  horizontal  pressure  gradients. 

Cloud  and  balloon  observations  show  that  increase  of  wind  velocity  with  in- 
crease of  altitude,  beyond  1,500  to  ^2,000  meters  above  the  surface,  holds  prac- 
tically to  the  top  of  the  troposphere,  where  the  velocity  in  middle  latitudes 
may  amount  to  as  much  as  90  meters  per  second  (200  miles  per  hour)  or  even 
more. 

^Berson,  WisseDschaftllche  Laftfabrteo,  S,  p.  205,  1000. 
68436— VOL  11—17 — 
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At  higher  levels — ^that  Is,  In  the  stratosphere — the  average  velocity  is  de- 
cidedly less. 

HOBIZONTAL  PBB88USB  OBADIKNT  AND  KLKVATION. 

All  these  facts  are  well  known,  but  there  are  no  generally  accepted  and  satis* 
factory  discussions  of  the  reasons  why  the  average  wind  velocity  at  levels  above 
the  limit  of  appreciable  surface  influence  should  go  on  increasing  with  increase 
of  elevation  up  to  the  isothermal  level  and  then  decrease.  Indeed,  data  sufll- 
dent  for  a  complete  solution  of  this  problem  are  not  yet  available,  and  it  is 
only  recently  that  enough  facts  have  become  known  to  indicate  at  all  clearly 
the  several  links  in  the  chain  of  cause  and  effect  that  determines  the  average 
atmospheric  movements  in  middle  and  higher  latitudes. 

Because  of  the  actual  distribution  of  insolation  over  the  earth  the  temperature 
of  the  lower  atmosphere,  as  shown  by  observation,  is  warmest,  on  the  average, 
in  equatorial  regions  and  coldest  beyond  the  polar  circles,  with  intermediate 
values  over  middle  latitudes.  Hence,  since  the  temperature  of  the  air  above  the 
earth  depends  mainly  upon  convection  and  radiation  from  below,  it  follows  that 
the  latitude  distribution  of  temperature  in  the  upper  air  must  be  substantially 
the  same  as  that  at  the  surface ;  that  is,  warmest  within  the  Tropics  and  coldest 
in  the  polar  regions,  with  intermediate  values  between.  And  this,  indeed,  ac- 
cording to  kite  and  balloon  records,  does  apply  at  each  level  up  to  10  to  12 
kilometers,  or  to  fully  three-fourths  of  the  air  mass.  At  much  higher  levels. 
15  to  20  kilometers,  for  reasons  that  need  not  be  discussed  here,  tlie  rare  atmos- 
phere is  coldest  over  equatorial  regions  and  warmest  over  high  latitudes.  This 
inverse  condition,  however,  does  not  apply  to  the  winter  and  summer  atmos- 
pheres of  the  same  place,  nor  to  tliose  of  neighboring  places  on  approximately 
the  same  latitude. 

As  a  crude  first  approximation  to  conditions  as  they  actually  exist,  assume 
(1)  that  the  temperature  distribution  is  the  same  along  all  meridians;  (2)  that 
the  temperature  change  from  one  latitude  to  another  is  the  same  for  all  levels ; 
and  (3)  that  sea-level  pressure  is  the  same  at  all  latitudes. 

Assumption  1  approximates  the  conditions  over  much  the  greater  portion  of 
the  Southern  Hemisphere,  but,  on  account  of  the  irregular  distribution  of  land 
and  sea,  has  to  be  modified  for  any  detailed  study  of  the  winds  of  the  Northern 
Hemisphere.  Assumption  2  conforms  roughly  to  average  conditions  between  the 
thermal  equator  and  latitude  50** — 00*,  except  near  the  surface  and  at  alti-  ' 
tudes  above  10  to  12  kilometers.  This  is  well  shown  by  figure  2,  referring  to  the 
Northern  Hemisphere  during  its  summer,  and  copied  from  Sfiring's  paper  ^  on 
the  present  state  of  knowledge  concerning  the  general  circulation  of  the  atmos- 
phere. Assumption  3,  as  applied  to  normal  pressure,  is  also  approximately  true, 
except  for  restricted  areas,  whose  secondary  and  local  effects  will  not  here  be 
discussed. 

Consider  an  atmosphere  of  the  same  composition  throughout  and  having 
Initially  the  same  temperature  at  any  given  elevation  resting  on  a  horizontal 
plane.  Let  the  temperature  be  uniformly  Increased  from  north  to  south,  say, 
and  by  the  same  amount  from  top  to  bottom,  thus  simulating  the  temperature 
distribution  that  actually  obtains  in  the  earth's  atmosphere  over  middle  lati- 
tudes, as  above  explained.  Find  the  resulting  horizontal  pressure  gradi^it  at 
the  different  levels. 


7^1t8chrlft  der  Gesel.  ffir  Brdlconde,  p.  600.  1918. 
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At  the  height  h  the  horizontal  pressure  gradient,  -p,  obviously  directed  from 

the  wanner  toward  the  colder  region,  is  very  approximately  given  by  th«* 
equation — 

dp  Ah 
"drT^HL 
in  which  L  is  any  given  horlsontal  distance  along  which  dn  is  taken,  p  the 
pressure  at  the  level  h,  above  the  colder  end  of  Ly  aA  the  difference  of  vertical 
expansion  of  the  air  below  the  level  in  question  at  the  ends  of  L,  or  dllTerence 
of  distance  through  which  the  level  whose  original  pressure  was  p  was  lifted 
at  these  two  places,  and  H  the  virtual  height  of  the  atmosphere,  approximately 
8  kilometers,  or  height  it  would  have  above  any  point  if  from  there  up 
it  had  the  density  which  obtains  at  that  point  The  negative  sign  is  used 
becatise  the  pressure  decreases  as  n  (measured  from  a  warmer  toward  a  colder 
region)  increases.  For  simplicity  let  L  be  in  the  direction  of  maximum  rate 
of  horiaontal  temperature  change,  north — soutli,  in  this  case. 


FiQ.  2.— Relation  of  temperature  to  altitude  and  latitude  (N.  Hem.,  Summer)  after 

SOilng. 

Under  the  assumed  conditions,  AA«aiAT%,  approximately,  in  which  a  is  the 
average  coefficient  of  volume  expansion  of  the  atmosphere  below  the  level  h, 
and  AT  the  difference  of  temperature  change  at  the  ends  of  X. 

At  any  two  levels,  then,  h  and  h\  the  horizontal  pressure  gradients  in  the 
same  direction  are  given  approximately  by  the  respective  equations : 

dg    pQi^Th 
drT    HL 
and 

rfn"      H'L      ' 
But  L  may  be  taken  the  same  in  both  equations,  while  o,  H^  and  AT  generally 
are  not  greatly  different,  respectively,  from  a',  E^,  and  AT'.    In  reality — 

H      T 
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and  a'  is  slightly  greater  than  a  when  T  is  less  than  7.    But  in  this  case  U 
appean  from  observbtions  that  actually  A 7^  is  slightly  leas  than  AT;  so  that — 

3^"i^'  approximately. 
~dn 
Again,  from  the  5  to  the  10  kilometer  level,  and  even  to  some  distance  bdow 
the  former  and  above  the  latter — 

^-^-,  roughly. 
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Fio.  3.— Relation  of  prfts.sur«  j^rnviient  to  altitude  HnrJ  latitude  (N.  ITem.,  hummer) 

ftfter  biiring. 
Heuce,  commonly — 

dn     h'h     ^  .         , 

jp=^^,-:l,  approximately. 

dn 
That  is,  through  these  levels,  or  from  below  5  kilometers  to  above  10  kilo- 
meters, the  horizontal  pressure  gradient  established  by  the  temperature  dif- 
ference between  adjacent  regions  of  air  is  roughly  constant  This  conclusion 
la  fully  supported  by  observations,  as  shown  by  figure  3,  referring  to  the  North- 
ern Hemisphere  during  its  summer,  and  also  copied  from  SQring's  paper/ 

»Loc.  cit 
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LEVKL    OF    MAXIMUM     HOBI7^NTAL    PKE88UBE    QRADIENT. 

The  approximate  level  of  the  maximum  horizontal  gradient  may  be  found 
M  follows: 
As  lust  explained,  in  the  equation — 

dp    paJATh 
"dnT     ML 

the  factor  ~]|~2  is  roughly  constant.    Writing  O  for  the  gradient  and  K  for  the 

'  constant,"  the  equation  takes  the  form,  G^Kp  h.    Hence  O  has  a  maximum  value 
when  p  <2ft«  --h  dp. 
But, 

dk 
-dp^p  5 

Hence  the  pressure  gradient  is  steepest  when — 

p  dh^j^pdh, 

that  is,  when  h^H^S  kilometers,  roughly. 

The  following  is  a  slightly  different  method  of  arriving  at  the  same  con- 
dusion : 

The  maximum  horizontal  pressure  gradient  resulting  from  a  constant  tem- 
perature difference  between  two  neighboring  columns  of  air  obviously  is  at  that 
level  at  which  the  vertical  pressure  is  most  changed  by  the  expansion  of  the 
air  below  due  to  a  constant  temperature  increase. 

Let  h  be  any  height  and  let  a  be  the  average  coefficient  of  volume  expansion 

of  the  air  below  this  level.  Then  AA»a^A,  nearly,  and  Ap^pgAh^pga^h,  nearly,  in 
which  p  is  the  density  of  the  air  at  the  level  ft,  and  g  the  local  gravity  acceleration. 

But  fi^'C  Pf  in  which  C  is  a  constant,  and  Ap^p  C  g  a^h^Kp  h,  say,  in  which 
K  may  be  regarded  as  a  constant. 
Hence,  as  before,  Ap  has  its  maximum  value  when — 

p  dh^  —A  dp^-g  p  dh. 

That  is,  the  horizontal  gradient  is  steepest  when  h=H,  But,  as  is  well  known, 
H=8  kilometers,  approximately.  Hence  the  horizontal  pressure  gradient,  re- 
sulting from  a  temperature  distribution  substantially  that  which  actually 
obtains  In  the  atmosphere,  is  greatest  at  a  height  of  about  8  kilometers. 

CONSTANCY   OF   MASS   FLOW — EONELL'S   LAW. 

At  a  distance  above  the  surface  of  the  earth  sufficiently  great  to  avoid 
appreciable  retardation  due  to  friction  and  turbulence — that  is,  at  elevations 
greater  than  2  kilometers  (usually  less) — the  wind  obviously  must  blow  in  such 
direction  and  with  such  velocity  that  there  is  an  approximate  equation  between 
the  pressure  gradient  on  the  one  hand  ond  the  combined  centrifugal  force  and 

deflection  force  due  to  rotation  on  the  other.  Hence,  at  these  levels,  if  ^  i^  the 
maximum  horizontal  pressure  gradient. 

^?a— pF(2w  sin  <t>-\-^  tan  ^),  approximately, 
on  iC 

in  which  p  Is  the  density  of  the  air  at  the  level  under  consideration,  V  the 

wind  velocity,  w  the  anmilar  velocity  of  rotation  of  the  earth,  </>  the  latitude, 

and  R  the  radius  of  the  earth 

A  little  calculation  shows  that  the  sec-ond  term  in  the  parenthesis  is  always 

small,  except  in  very  high  latitudes,  in  rompnrlson  with  the  first.    Thus,  for  a 
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22.4  metei-s  per  8c»<.-j)nd  (50  miles  per  hour)  west  wind  at  latitude  45**,  the  flrat 
is  about  thirty  times  greater  than  the  second.    Hence,  under  these  condttiona — 

T?=» — pK  2  «  sin  ^,  approximately, 

But,  as  just  explained,  the  horizontal  pressure  gradient  ^,  Is  rou^rbly  con- 
stant between  5  and  10  kilometers  elevation.  Hence,  at  any  given  latitude,  pF, 
the  mass  flow,  or  moss  of  air  crossing  unit  normal  area  per  unit  time,  tends  to 
remain  constant  with  change  of  altitude  from  4  to  5  kilometers  above  sea  level 
up  to  the  isothermal  region.  In  other  words,  through  this  region,  pF,  at  alti- 
tude h  equals  p'V  at  altitude  h\  nearly.  This  relation  between  the  density 
and  velocity  of  the  atmosphere  at  different  levels  is  known  as  Kgneirs  law,' 
determined  empirically  by  himself,  and  also  previously,  by  H.  H.  Clayton,*  from 
cloud  observations.  Obviously,  pV  has  a  maximum  value  at  that  level  at  which 
the  horizontal  pressure  gradient  is  a  maximum ;  that  is,  at  about  8  kilometers 
above  sea  level. 

RELATION  OF  VBLOCITT  TO  AJ^TmJDB  ABOVB  6  KIIX>l£Bmt8. 

Obviously,  if  the  temperature  is  constant,  as  for  simplicity  we  may  assume 
It  to  be— 

But,  as  already  seen,  under  this  condition  of  constant  temperature,  through 
a  considerable  range  of  altitude — ^that  is,  from  below  5  to  above  10  kilo- 
meters— 

^—^i  roughly. 
Hence — 

^=y,  roughly. 
Therefore — 

V^'^p*  approximately, 

op  the  velocity  of  the  wind  through  the  levels  in  question  Is  roughly  propor- 
doniil  to  the  altitude. 

AUtrve  the  isothermal  level  over  the  regions  between  the  thermal  equator  and 
laittihle  50**-60**  the  horizontal  temperature  gradient  decreases  and  presently 
even  reverses  with  increase  of  elevation,  as  shown  by  figure  2;  and  therefore 
rhe  *>jrrespondlng  pressure  gradient  also  decreases,  as  shown  by  figure  8. 
Hcn(,*e  the  mass  flow,  pF,  likewise  decreases  with  elevation  above  this  critical 
leveL  Further,  the  decrease  of  the  horizontal  pressure  gradient,  and,  con- 
Hcquently,  of  pF,  with  altitude  In  the  stratosphere  appears  usually  to  be 
more  rapid  than  that  of  the  density  alone,  from  wlilch  it  follows  that  the 
wind  velocity  generally  must  have  its  maximum  value  at  or  below  the 
isothermal  level. 


la  B.,  ISe,  p.  860,  1908. 

•AflMT.  Meteor.  Jonr.,  10,  p.  117.  1808. 
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THB  COLLBCTION  OF  EARTHQUAKE  DATA  IN  THE  UNITED 

STATES. 

by  W.  J.  HUMPHREYS, 
Profe99or  of  Meteorological  PhyHcs,  U.  8.  Weather  Bureau,  Washington,  D,  C, 

There  are  several  reasons  for  collecting  earthqoake  data.  Among  them  the 
fact  that  from  the  kinds  of  waves  transmitted  through  the  earth  and  their 
velocities  much  may  safely  be  inferred  in  regard  to  its  physical  properties. 
Some  of  the  conclusions  thus  reached  only  confirm  those  obtained  from  astro- 
nomical observations,  but  others,  especially  those  that  differentiate  between 
layers  of  different  depths,  have  not  been  reached  in  any  other  way.  For  this 
Important  purpose — namely,  the  detection  of  the  physical  properties  of  the 
earth — It  obviously  Is  necessary  that  seismic  disturbances  be  permanently  re- 
corded at  a  number  of  stations;  that  the  time  at  which  each  portion  of  the 
record  was  made  be  known;  that  the  record,  however  magnified,  shall  repre- 
sent as  neary  as  possible  only  the  actual  movements  of  the  earth ;  and  that  all 
r^omponents  of  the  motion,  horizontal  and  vertical,  be  registered. 

Data  possessing?  any  of  these  features  require  the  use  of  suitable  Instruments, 
while  data  possessing  all  desirable  qualities  may  be  obtained  only  with  very 
Haborate  apparatus.  Hence,  in  order  that  the  records  obtained  may  be  of  much 
value  to  the  science  of  geophysics,  it  is  necessary  that  excellent  Instrumental 
equipments  be  Installed  at  a  number  of  widely  scattered  localities,  and  that  they 
be  kept  in  perfect  condition  and  continuous  operation  year  in  and  year  out 
over  an  Indefinite  period  of  many  decades. 

A  beginning  in  this  direction,  often  with  Imperfect  equipment  and  Inadequate 
attention,  has  already  been  made  in  several  parts  of  the  world,  and  while 
many  stations  are  dropping  out  of  the  active  list  others  with  improved  ap- 
paratus fortunately  are  being  established,  so  that  it  seems  reasonable  to  antici- 
pate for  the  near  future  a  sufllcient  number  of  well-equipped  and  properly 
tended  stations  to  supply  all  the  necessary  instrumental  records — records  that 
far  more  need  to  be  accurate  and  reliable  than  merely  numerous. 

The  seismographs  in  the  United  States,  so  far  as  generally  known,  are  listed 
In  Table  1.    Not  all  of  them,  however,  are  In  active  operation. 

Table  1. 


Place. 

Instltutkn  and  director. 

Make  of  InstrameDts. 

Albaiiy,N.  Y 

New  York  State  Museum,  Dr.  J.  M.  Clarke 

University  of  Michif^an,  Prof.  W.  J.  Hussey 

Jcrtms  Hqpkizis  University,  Dr.  H.  F.  Reld 

Private,  L.  S.  Metcalf 

Bosch-Omori. 

Aim  Arbor,  Midi 

Boaeh-Omori  and  Wlediert 

Baltimore,  Md 

horisontal  and  vertical. 
MOne  and  Bosch-Omorl. 

Bath,  Me 

Omori. 

Berkeley.  Cal 

University  of  California,  Prof.  A.  C.  Lawson 

Massachusetts  Institute  of  TeehndoKy 

Wiechert,  Bosch<^mori, 

and  Marvin. 
Bosch-Omori. 

Boston.  Mass 

BufiSo.N.Y... 

CanislusCrflege,  John  A.  Curtln...7.' 

Harvard  University,  Prof.  J.  B.  Woodworth.... 

HartneU. 
Loyola  University,  Thos.  A.  KeUev 

Wiechert. 

Gtoibridge.  Mass 

Bosch-Omori 

Cheltenbam,  Md 

Do. 

Ghioaso,  HI .  X . , .  X ....... » 

Wiediart. 

CleTeESd,  Ohio 

St.  Ignatius  College,  Rev.  F.  L.  Odenhach 

Do. 

DanviUe.  lU 

Denver,  Colo 

Sacred  Heart  College,  A.  W.  Foratali ! 

Wiechert. 

Ithaca,  n.Y 

Cornell  University,  Prof.  H.  Ries 

Bosch-Omori. 

Lawrence,  Kans 

University  of  Kansas,  Dr.  F.  E.  Kester 

Wiechert. 

Lo8  0atoe.Cal 

Private,  LH.  Snyder 

Original  duplex. 
Bosoh-OmorL 

Marel8laxid,Cal 

MOto  College 

Mills  College,  Cal 

Ewing  duptoz. 

Milwaukee,  Wis 

Marquette  University,  Rev.  J.  L.  McQeary 

Spring  Hill  College,  Rev.  Cyril  Ruhlmann 

Lick  Observatory,  University   of  California, 
Prof.  W.W.  Campbell. 

MobOe.Ala 

Do. 

Mount  Hamilton,  Cal 

Da 

698       PEOCEEDINGS  SECOND  PAN   AMERICAN   SCIENTIFIC  CONGRESS. 

Table  I — Continued. 


Plao«. 


Instltytlou  and  director. 


MAkeoffi 


New  Omven,  C^mn . . 
HBwYorlf»5j.y,„. 

Do 

Do.„ ., 

Northfli!^.  Vt 

OskianUrCal 

Princeton,  N.J 

Point  Loinii,Cfii.„. 
Reno,  Nev.....-»._. 

8t.  LouLip  Mo. 

St.  Marys,  K  nnis .... 
fiolU-atc  City,  Utah 

ftin  JoafljCat.... 

Hwita  CJofB,  CftI 

Shuttle,  WmJ] 

Swarthmoro,  Pa 

Tticson^  Ark...,*... 

WashieiEton,  D.C... 
Dq , ., 


YaleUnkeraity,  L.  M,  Tarr. 

NfiWr-  York  Acad  my  of  3<;lftTic«s,  Tit.E.  O.  Hovey . 

F cjrfltifttn  V nl vtrsJ i y.  W .  C .  Rcpetll 

JMUlt  Lollppjp,  nrooL  tyn,  C.  A,  MUrphv.. . .... 

I  United  States  Weather  Bureau,  Wm.  A.  ahaw 
I  Chabot  Observatory,  po hi Ic  schools,  Clms.  Umck- 
haU^r. 

I  Prtacclort  Unlversltjf,  Prof.  W.  B.  Scott 

,  lUin  Yoca  Academy ,  F.  J .  Uick  ,.,.„...,,»..„ 

Unl verstiy  of  Nevada.  Prof,  J.  C,  Jonca 

'  St*  Xxjuts  University,  J,  B,  Oovsse ,**,,,,,.» 

I  St.  Mary  s  ColU'j^e 

I  University  or  U  tall,  Prof.  F.J.  Pack 

!  University  of  the  Paciflg,  Prof.  h.  S.  Kroect,... 

i  University  of  Santa  Clara,  J,  9.  Tllc»nJ ..... 

!  Univei^lly  of  Washinpton,  Prof.  Henry  Lander. 

I  Gonzflga  Colleue.  E.  M .  Haclt^aliipl ...... .... 

j  SwBrthmorpColJ:>ff4?,  Prof.  J,  A.lMlltpr 

'  United  Estates  Coeat  and  Gtmdetie  Survey*  F,  P. 
Uldch. 

United  States  Weather  Buwau,  C.  F.  Morvtn. .. 

Geor^etott-n  Unl verity ,  F.  A.  Tondorl.......... 

Holy  Crtjss  College,  L.  J.  Haubert 


BoMti-Omort 

MalnV^ 
Wfetihert 

Do. 
Bracb-Omeii. 
EwlDf?  duplex. 


West  setamoscope 
EwlQg  duplex. 
Wfechan. 

Do, 
BoMli-OinorL 
KwinK  duplex, 
Wtcchfrt. 
B^Kch-OmorL 
Wiochert. 
Mlloe. 
BoKib-Omn-i 

Marvin, 

W^eohcrt,   Ececb-OiiiOfl 

andMalnka. 
Wfechert, 


The  aid  which  seismic  records  lend  to  the  study  of  geophysical  problemSi 
while  of  the  higest  importance,  is  not  their  only  practical  use.  They  serve  tlie 
geographic  purpose  of  locating  the  regions  of  relatively  frequent  and  relatively 
Infrequent  seismic  action,  and  often  of  even  finding  the  particular  breaks  or 
faults  in  the  crust  to  which  recurring  earthquakes  are  due. 

Detailed  information  in  regard  to  the  exact  location  and  activity  of  f^nlti 
may  be  of  little  aid  to  the  geophysicist  in  his  study  of  the  rigidity  and  other 
physical  properties  of  the  earth,  but  they  are  of  great  value  to  the  architect, 
the  engineer,  and  the  business  man.  To  such  men  especially,  as  to  every  one  In 
greater  or  less  degree.  It  Is  important  to  know  as  definitely  as  possible  what 
places  are  relatively  safe  and  what  ones  are  distinctly  unsafe  for  the  location  of 
dams,  bridges,  aqueducts,  and  all  other  structures  of  important  public  use 
Such  structures  obviously  should  not  be  allowed  to  span,  nor  even  to  stand  close 
to,  an  active  geologic  fault  whenever  a  safer  location  is  available.  Neverthe- 
less buildings  of  all  sorts  frequently  have  to  be  constructed  in  regions  of  marked, 
even  great,  seismlcity,  for  these  are  some  of  the  best  and  most  fruitful  parts  of 
the  earth.  Hence  the  architect  should  know  the  region  in  which  his  plans  are 
to  be  used,  for  a  structure  that  would  be  acceptable  In  a  quiescent  region  might 
be  a  source  of  the  greatest  danger  and  therefore  wholly  unacceptable  in  a  re- 
gion frequently  visited  by  earthquakes. 

Unfortunately,  however,  such  detailed  Information  as  the  engineer  needs  re- 
quires the  cooperation  of  a  great  many  observers,  far  more  than  It  would  be  at 
all  practicable  to  supply  with  delicate  Instructions,  even  If  the  requisite  number 
of  persons  competent  and  willing  to  look  after  such  apparatus  could  be  found. 
On  the  other  hand,  expensive  equipments  are  not  essential  to  this  mere  geo- 
graphical feature  of  selsmologlcal  work.  Indeed,  much  of  profit  can  be  done,  in 
fact  much  has  been  done,  without  Instruments  of  any  kind.  Clearly,  however,  to 
be  done  well,  work  of  this  nature  being,  of  value  to  all  sections,  should  be  un- 
dertaken by  National  Governments,  cooperating.  If  practicable,  with  each  other. 
But  how  shall  a  government  fulfill  this  function?  Through  what  agency  sliall  it 
operate  In  gathering  the  data  necessary  to  the  construction  of  selsmologlcal 
maps?  Each  government  of  course  must  answer  these  questions  In  its  own 
way.    In  the  case  of  tho  Unitt^l  States  many  have  long  recognized  that  of  the 
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various  Federal  scientific  institutions  the  Weather  Bureau  is  the  best  fitted  to 
undertaice  this  worlc  because  it  already  has  ai^roximately  200  principal  sta- 
tions widely  scattered  dver  the  entire  country,  manned  by  trained  obserrert 
who  give  their  entire  time  to  the  public  service.  In  addition  It  also  receives  re- 
ports regularly  from  over  4,000  cooperative  observers.  The  Weather  Bureau, 
therefore,  has  the  necessary  organization  for  the  systematic  and  continuous  col- 
lection of  seismologlcal  data,  both  Instrumental  and  noninstrumental,  an  organi- 
zation that  amply  justified  Congress  In  authorizing  It  to  do  this  work. 

^t  present  this  bureau  has  also  the  kind  and  valuable  cooperation  of  the  di- 
rectors of  the  following  seismograph  stations,  whose  reports  are  regularly  sup- 
plied for  publication  In  the  Monthly  Weather  Review : 

Canisius  College,  Buffalo,  N.  Y..  John  A.  Curtln,  S.  J. 

Harvard  T^nlverslty,  Cambridge,  Mass.,  Prof.  J.  B.  Woodworth. 

United  States  Coast  and  Geodetic  Survey,  Cheltenham,  Md.,  George  HartnelL 

Sacred  Heart  College,  Denver,  Colo.,  A.  W.  Forstall,  S.  J. 

United  States  Coast  and  Geodetic  Survey,  Honolulu,  Hawaii,  W.  W.  Mer- 
rymon. 

University  of  Kansas,  Imwrence,  Kans.,  Dr.  F.  E.  Kester. 

Fordham  University,  New  York,  N.  Y.,  W.  C.  Repetti,  S.  J. 

United  States  Weather  Bureau,  Northfield,  Vt,  Wm.  A.  Shaw. 

Chabot  Observatory,  Public  Schools,  Oakland,  Cal.,  Chas.  Burckhalter. 

Isthmian  Canal  Commission,  Balboa  Heights,  Panama  Canal  Zone. 

Raja  Yoga  Academy,  Point  Loma,  Cal.,  F.  J.  Dick. 

St.  Louis  University,  St  Louis,  Mo.,  J.  B.  Goesse,  S.  J. 

University  of  Utah,  Salt  Lake  City.  Utah,  Prof.  F.  J.  Pack. 

University  of  the  Pacific,  San  Jose,  Cal.,  Prof.  L.  S.  Kroeck. 

United  States  Coast  and  Geodetic  Survey,  Sitka,  Alaska,  J.  W.  Green. 

United  States  Coast  and  Geodetic  Survey,  Tucson,  Ariz.,  F.  P.  Ulrlch. 

United  States  Weather  Bureau,  Washington,  D.  C,  Prof.  C.  F.  Marvin. 

Georgetown  University,  Washington,  D.  C,  F.  A.  Tondorf,  S.  J. 

United  States  Coast  and  Geodetic  Survey,  Vieques,  Porto  Rico,  H.  M.  Pease. 

Dominion  Astronomical  Observatory,  Ottawa,  Canada,  Otto  Klotz. 

Dominion  Meteorological  Service,  Toronto,  Canada. 

Dominion  Meteorological  Service,  Victoria,  Canada. 

Noninstrumental  reports  are  made  on  question  cards,  of  which  the  follow* 
Ing  Is  a  copy : 

U.  S.  Department  op  Aorictoltube,  Weather  Bureau  (Seismology). 

CrosB  oat  words  and  parts  not  applicable,  and  fill  in  all  remaining  spaces.     Use  other 
side.  If  desired,  for  additional  description  and  information. 

Date  of  earthquake: i^,  19 

Time  of  beginning  (use  railroad  time) :  Hour mln., ,  a.  m.,  p.  m. 

Location  of  observer: 

On  mountain,  hill,  plain.  In  valley.    Outdoors,  Indoors,  1st,  2d,  3d, floor. 

State ,  town 

Street ,  No 

If  in  country,  distance '. ,  direction 

from (nearest  P.  O.  or  town). 

What  doing:  Lying  down,  sitting,  standing,  walking, 

Onset  of  shocks :  Abrupt,  rapid,  gradual. 

Nature  of  shocks :  Bumping,  rocking,  trembling,  twisting 

Intensity  (give  number,  see  scale  on  other  side) : 

Number  of  shocks  during  earthquake : 

Duration  of  each : 
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Direction  of  vibration :  N.-S. ;  NB.-SW. ;  B.-W. ;  SB.-NW. 

Sounds :  No,  yes.    Before,  witli,  after  shocks.    Faint,  loud,  rumbling,  rattling 

Felt  by :  One,  several,  many. 

Name  of  observer: 

Address  of  observer: . 

(On  bftck  of  card.] 

Remarki, 


Earthquake  intemitiet,     {Adapted  Rossi-Forel.) 


8. 


Felt  only  by  an  experienced  ob- 
server, very  faint 

Felt  by  a  few  persons  at  rest, 
faint 

Direction  or  duration  appre- 
ciable, weaic 

Felt  by  persons  walking.  Doors, 
etc.,  moved. 

Felt  by  nearly  everyonsii  Fur- 
niture moved. 


clocks 


6.  Bells     rung,     pendulum 

stopped.    Alarm. 

7.  Fall   of   plaster,    slight     damage. 

Scare. 

8.  Fall  of  chimneys,  walls    cracked. 

Fright 

9.  Some    houses    partly    or     ^w^hoUy 

wrecked.    Terror. 
10.    Buildings  ruined,  ground  cracked. 
Panic 


The  necessity  for  the  detailed  study  of  certain  earthquakes  and  the  exact 
mapping  of  the  faults  to  which  they  are  due  are  fully  recognized  and  will 
be  carried  out  whenever  practicable.  It  is  believed,  however,  that  at  present 
all  earthquake  data,  both  instrumental  and  noninstrumentaU  whether  tbe 
locus  of  their  origin  can  or  can  not  be  determined,  should  be  collected  and 
regularly  published,  together  wth  such  available  discussion  as  seems  profit- 
able. This  the  Weather  Bureau  is  now  doing,  with  the  cooperation,  as  stated, 
of  many  private  stations,  as  listed,  for  the  United  States  and  adjacent  reslons. 

The  Chairman.  I  will  ask  you  to  defer  the  discussion  of  these  two 
papers,  as  the  chairman  of  the  section,  Dr.  Woodward,  has  some  in- 
formation to  bring  before  the  section. 

Mr.  Woodward.  I  have  only  the  report  of  the  committee  that  was 
appointed  at  our  first  session  to  consider  the  subject  of  resolutions. 
That  committee  has  met  and  deliberated  on  the  matter  and  has 
drawn  up  two  resolutions.  These  resolutions  are  recommended  to 
the  section  for  adoption.  I  will  read  the  resolutions  as  they  appear, 
in  English  first,  and  then  we  will  ask  Dr.  Bivas,  our  Spanish- 
American  secretary,  to  read  them  in  Spanish.  The  first  resolution 
applies  to  the  work  which  falls  more  especially  in  astronomy  and 
geodesy.    It  reads  as  follows: 

The  section  of  astronomy,  geodesy,  meteorology,  and  seismology  respectfully 
recommends  to  the  Second  Pan  American  Scientific  Ck)ngress  the  adoption  of 
the  following  resolution,  vis : 

Resolved,  That  in  the  interests  of  international  amity  and  Judicial  procedure, 
and  in  the  interests  of  advancing  Icnowledge  of  the  dimensions,  shape,  and 
physical  properties  of  the  earth,  it  is  desirable  that  the  Pan  American  States 
undertake  severally  at  their  earliest  practicable  opportunities: 

1.  Geodetic  surveys  of  precision  suitable  for  the  establishment  of  State  and 
Interstate  t>oundaries,  and  for  additional  contributions  to  the  figure  of  the 
earth. 
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2.  Magnetic  surveys  of  their  several  areas,  and  especially  the  establishment 
of  a  few  fixed  observatories  wherein  secular  variations  of  the  earth's  magnetiraa 
may  be  observed  during  long  periods  of  time. 

3b  The  extension  of  gravimetric  or  pendulum  surveys  over  areas  not  hitherto 
accessible  for  the  purpose  of  contributing  additional  data  for  determining  the 
surface,  shape,  and  the  mass  distribution  of  the  earth. 

Subsection  B  on  meteorology  and  seismology  offers  the  following 
preamble  and  resolution: 

Whereas  the  First  Pan  American  Scientific  Congress  recommended  to  the 
American  Republics  the  installation  of  meteorological  organizations  to  serve 
as  a  basis  for  the  establishment  of  a  Pan  American  meteorological  service: 
Therefore  be  it 

Resolved,  That  the  Second  Pan  American  Scientific  Congress  confirms  this 
resolution  and  adds  that  it  is  most  desirable  for  the  Republics  not  yet  possess- 
ing organized  ofllcial  meteorological  services  to  establish  such  as  soon  as 
practicable. 

Now  let  me  ask  Dr.  Kivas  to  read  these  same  resolutions  in  Spanish. 

Dr.  Rivas  read  the  resolutions  in  Spanish. 

Mr.  Woodward.  Mr.  Chairman,  for  the  purpose  of  getting  these 
matters  formally  before  the  section  I  move  that  they  be  approved 
and  adopted  as  the  sense  of  the  section. 

Mr.  NiPHER.  I  second  it. 

The  Chairman.  It  has  been  moved  and  seconded  that  these  reso- 
lutions which  you  have  heard  read  in  English  and  Spanish  be  ap- 
proved and  adopted  by  this  section  of  the  Pan  American  Scientific 


I  might  say,  in  explanation,  that  these  resolutions,  if  adopted  by 
this  section,  will  be  referred  to  a  committee  of  the  congress,  which 
will  consider  them  in  connection  with  similar  resolutions  that  may 
be  offered  by  the  other  sections  of  the  congress,  and  will  finally  vote 
on  the  resolutions  to  be  submitted  for  the  consideration  of  the  whole 
congress.  Our  interest  in  this  is  to  further  the  advancement  of  the 
astronomical,  meteorological,  and  other  sciences  represehted  by  this 
section.    Is  there  any  discussion? 

Mr.  Woodward.  Probably  some  explanations  should  be  made  lest 
some  of  the  members  of  our  section  should  labor  under  a  misap- 
prehension. 

It  should  be  understood,  first,  that  the  congress  officially  consists 
of  the  delegates  from  the  various  countries,  each  country  having 
one  representative.  Hence  the  form  of  language  used  in  introducing 
these  resolutions. 

Our  section  respectfully  recommends  to  the  Second  Pan  American 
Congress.  We  have  no  power  to  act  officially  on  these  resolutions. 
We  can  only  recommend  to  the  congress.  Now,  there  will  probably 
be  at  least  a  hundred  different  resolutions  brought  before  the  congress 
within  a  day  or  two;  in  fact,  the  secretaries  are  already  pressing  us 
for  copies  of  these  resolutions,  so  that  when  a  meeting  of  the  official 
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congress  is  held  to-morrow  the  several  subjects  will  be  broa^t  ^b^ 
ward  and  discussed.  In  order  to  save  time  our  committee  has  sought 
to  cut  the  number  of  resolutions  and  the  number  of  possible  cc»npli- 
cations  down  to  a  minimum,  lest  they  all  be  thrown,  out.  It  is  pos- 
sible that  many,  if  not  most,  of  the  resolutions  offered  may  be  re- 
garded as  untimely,  or  perhaps  inadvisable  at  present.  That  explains 
the  nature  of  the  language  we  have  used  with  respect  to  these.  We 
have  carefully  refrained  from  recommending  expenditures  of  money. 
We  have  no  power  to  do  that.  We  only  reconmiend  that  it  is  advis- 
able and  desirable  in  the  interest  of  science  that  the  various  countries 
do  these  things,  but  we  have  sought  to  refrain  from  making  positive 
recommendations  which  might  commit  the  congi-ess  or  the  Grovem- 
ments  concerned.  We  should  remember — our  North  American  friends 
especially  should  remember — ^that  this  congress  is  quite  different  from 
a  meeting  of  what  we  call  a  scientific  society  in  the  United  States. 
Scientific  societies  have  much  larger  liberty  than  this  congress  has. 
This  congress  is  made  up  of  official  delegates  representing  govern- 
ments. I  shall  be  glad  to  answer  any  question  that  may  be  asked  in 
regard  to  these  matters. 

The  Chairman.  Are  there  any  remarks  in  regard  to  these  reso- 
lutions? 

Mr.  Humphreys,  do  you  wish  to  make  any  comments  for  the  ben^ 
of  the  section? 

Mr.  HuMPHKEYS.  I  wish  to  make  a  suggestion  with  regard  to  the 
words  of  the  resolution  concerning  gravimetric  surveys  "  over  arcBS 
not  hitherto  accessible."  Of  course,  they  would  be  accessible  in  * 
technical  sense,  but  it  is  possible  to  put  an  interpretation  upon  that 
which  nobody  really  would  like  to  mean.  I  am  only  raising  the  ques- 
tion as  to  whether  we  want  a  different  wording  which  would  perhaps 
convey  our  idea  better.  What  we  really  refer  to  is  those  which  have 
not  been  conveniently  accessible. 

Mr.  Woodward.  We  could  use  the  words  "  not  hitherto  surveyed." 

Mr.  Humphreys.  "  Not  hitherto  surveyed,"  instead  of  "  not  hitherto 
accessible." 

Mr.  Woodward.  The  use  of  the  word  "  accessible "  was  made  in 
order  to  call  attention  to  the  fact,  by  implication  anyhow,  that  we 
may  now  make  determinations  through  the  aid  of  wireless  telegraphy 
and  presently  of  wireless  telephony,  while  hitherto  it  has  been  im- 
possible, by  reason  of  lack  of  telegraphic  communication  or  failure 
to  get  instruments.  I  do  not  think  the  words  would  be  misinter- 
preted, but  we  could  use  the  word  "  surveyed." 

Mr.  Humphreys.  I  would  prefer  that.  There  is  absolutely  no  ques- 
tion that  those  who  prepared  the  resolutions  knew  what  they  meant) 
but  it  is  not  certain  that  others,  especially  lay  people  who  read  these 
resolutions,  will  necessarily  get  the  same  idea. 


▲STBOKOMT,  METBOROLOGT,  AND  BEISMOLOOY.  703 

The  Chairman.  Are  there  any  further  remarks!  If  not,  are  you 
ready  for  the  question!  It  has  been  moved  and  seconded  that  these 
resolutions  be  adopted  and  approved  by  section  1. 

The  motion  was  unanimously  agreed  to. 

Mr.  Woodward.  The  chairman  will  then,  as  the  last  act  of  his  func- 
tions, deliver  these  resolutions  to  the  secretary  general  of  the  congress, 
so  that  they  may  come  up  in  due  time  for  the  formal  action  of  the 
congress;  but  let  me  repeat  that  if  they  should  be  thrown  out  we 
should  not  be  disappointed.  Science  is  long  and  should  be  very 
patient 

The  Chairman.  I  think  we  should  now  devote  a  few  minutes 
to  the  discussion  of  the  subjects  presented  by  Prof.  Humphreys's 
"  Wind  velocity  and  elevation  "  and  "  The  collection  of  seismological 
data  in  the  United  States.'^ 

Mr.  Jagoar.  Mr.  Chairman,  though  I  am  not  a  delegate  to  this 
conference,  it  may  possibly  be  of  interest  to  the  members  to  know 
that  something  is  being  done  in  Japan  in  the  attempt  to  devise  an 
instrument  such  as  Prof.  Humphreys  spoke  of,  of  a  very  simple  kind, 
for  the  use  of  anyone  in  an  earthquake  land.  Last  year  I  was  over 
in  south  Japan  at  the  time  of  the  eruption  of  Sakurajima,  and  on 
my  way  back  I  stopped  for  some  time  with  Dr.  Omori,  at  Tokyo, 
and  discussed  this  question  with  him,^  because  in  conference  with 
Mr.  H.  O.  Woods,  seismologist  of  our  station,  I  had  long  had  in 
mind  some  such  instrument  for  the  island  of  Hawaii.  What  we 
wanted  it  for  was  primarily  in  relation  to  the  definitely  centered 
volcanic  earthquakes  around  those  two  great  active  volcanoes,  Mauna 
Kea  and  Mauna  Loa ;  and  there  are  many  plantation  managei*s,  local 
agencies  of  the  United  States  Weather  Bureau,  paymasters,  school- 
masters, etc.,  who  would  be  delighted  to  run  a  small  instrument  if 
such  an  instrument  could  be  made  on  the  plan  of  an  eight-day  instru- 
ment, one  that  would  write  in  ink,  one  that  would  not  attempt  pre- 
cise time,  but  that  would  use  the  ordinary  local  time  as  accurately  as 
possible,  as  accurately  as  it  is  ordinarily  used  with  the  barograph, 
so  that  we  would  have  some  idea  of  the  little  shocks  that  take  place, 
even  those  not  felt ;  for  there  is  a  large  class  of  earthquakes  in  such 
a  land  that  are  not  ordinarily  felt,  even  by  persons  at  r€;gt,  but  which 
still  may  be  classed  as  fairly  strong  motion  shocks,  and  those  are  of 
the  utmost  importance  to  be  recorded. 

I  know  there  is  nothing  in  the  world  in  the  way  of  a  seismograph 
on  that  plan,  and  in  talking  it  over  with  Prof.  Omori,  of  the  Uni- 
versity of  Tokyo,  I  observed  some  of  his  small  instruments  which 
were  used  to  record  the  vibration  of  bridge  piers,  particularly  an 
instrument  with  a  small  horizontal  pendulum,  and  it  struck  me  as 
exactly  the  sort  of  thing  needed.    He  had  a  little  instrument  that 
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he  could  set  on  a  desk,  and  it  struck  me  that  it  was  exactly  what  was 
needed  in  such  a  case.    You  would  know  the  approxim&te  time,  and 
the  amplitude  alone,  wiUi  the  fairly  uniform  period  of  such  an  in- 
strument, would  give  you  the  approximate  intensity  of  such  an  earth- 
quake.   So  a  great  deal  of  valuable  information  could  be  obtained  if 
you  had  plenty  of  such  instrimients  distributed  over  a  volcanic  island. 
We  took  the  matter  up  with  the  chief  mechanician  from  the  instru- 
ment-manufacturing company  of  Tokyo,  and  he  undertook  to  prepare 
such  an  instrument,  which  was  to  cost  about  $40  and  was  to  be  made 
with  a  weight  of  something  like  5  kilograms  or  less;  to  have,  how- 
ever, a  24-hour  movement — we  decided  that  the  8-day    movement 
would  be  too  expensive — and  also  to  have  a  pen  that  would  write 
with  ink,  with  probably  a  fountain  in  the  pivotal  axis  of  the  magni- 
fying needle,  so  that  there  would  be  the  least  possible  friction  from 
the  using  of  such  a  weight  of  ink  as  would  be  necessary  if  it  were  to 
run  that  way ;  and  Prof.  Omori  wrote  me  afterwards  that  he  had  had 
such  an  instrument  constructed,  and  that  he  was  trying  it  out  before 
sending  it  to  me.    If  it  is  a  success  we  are  going  to  put  in  a  dozen  of 
them  on  the  island  of  Hawaii. 

The  Chairman.  If  there  is  no  further  discussion,  we  will  pass 
on  to  the  next  paper  on  the  program.  "  Bolivian  meteorology,"  by 
Sefior  Don  Constant  Lurquin,  Observatorio  Meteorologico  del  Insti- 
tuto  Medico,  Sucre,  Bolivia,  "' 


MBTEOROLOGfA  BOLIVIANA. 

Por  CONSTANT  LURQUIN, 
Director  del  Observatorio  Meteoroldgico  del  Institutu  MMico  de  Sture. 

Intkoduccion. 

Kl  presente  Inforine  sobre  la  meteorologfa  en  .Bolivia  es  una  relacWn  que  ae 
refiere  al  liltimo  tema  Indicado  eo  la  Hubsecci6o  de  meteorologfa  del  Seguodo 
Ongreso  Oientfflco  Panamericano.  £iSte  trabajo  tiene  por  objeto  hacer 
conocer,  de  la  manera  mfis  completa  posible,  la  organlzacldn  meteoroldgica 
actual  de  la  RepOblica  de  Bolivia.  Tambi^n  indica  las  urgentes  necesidadee 
que  reclama  ud  estudlo  raclonal  de  los  fendmenos  meteorol6gico&  He  aqnf 
los  puntos  tratados  en  este  informe: 

I.  Estaclones  meteorol6glcas : 

1.  Ck)ordenada8  geogrdflcas  y  altura  sobre  el  nivel  del  mar. 

2.  Publicaciones  con  los  resultados  de  las  observadones. 
8.  Reglstros  de  observaciones. 

4.  Fen6menos  meteoroldgicos  observados. 

II.  Meteorologfa  bollviana: 

1.  Proyecto  oficial  de  aerviclo  meteoroldgico  naclonaL 

2.  AviflOfl  telegrftflcoa. 

III.  Conclusion. 
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IV.  Anezos: 

1.  Lista  de  los  trabajos  publicadoB  por  el  peroonal  de  )a  secci^n  de  meteo- 

rologfa  del  Instituto  MMlco  Sucre. 

2.  I>ociimentaci6n  meteoroKSgica. 

I.    BSTACIOmSfi    METEOBOL6GICAS. 

LUta  de  la$  ostaoioneM  met€orol6gica%. 

1,  Observatorio  meteorol6glco  del  Colegio  San  Callxto,  La  Paz. 

2.  Observatorio  iueteorol6glco  del  Instituto  MMlco  Sucre,  Sucre. 

a  Observatorio  meteorol6gico  del  Colegio  del  Sagrado  Coraz6n,  Sucre. 
4.  Observatorio  meteorol6glco  del  Instituto  Naclonal  de  Agronomfa  y  Veterl- 
narla,  Cochabamba. 
6.  Oflcina  meteorol6glca  (en  preparacl6u),  Potosl. 

6.  Estacl6n  meteoroKSglca,  Yacuiba. 

7.  Estaclones  pluviom^trlcas  establecldas  por  la  *'  Bolivia  Railway  y  Cla  *'  en 
los  puntos  slgulentes  de  sus  Ifneas  de  f errocarrlles :  Oruro,  Potosf,  Uyunl, 
Rio  Mulatos,  Atocha,  Cbljlnl,  Alpacoma,  Julaca,  Parotanl.  Aguas  Gallentes, 
Ck>TQa  Coma,  Gala  Gala. 

Estacl<3n  slsmol6glca  del  Colegio  San  Callxto,  La  Pas. 

OBSEBVATORIO  METEOBOL6oICO  DEL  COLEGIO  BAN  CALIXTO,   LA   PA2. 

I.  Coardenadas  geoffrdflcas  y  altura  sohre  el  nivel  del  mar. — Latltud  Sur, 
16'  29'  43";  longltud  W.  Greenwich.  68**  9'  10";  altura  sobre  el  nlvel  del 
roar,  3658  m. 

II.  Publicacionea  con  log  resultadoa  de  las  observacioncs. — No  se  publlca  en 
boletln  los  resultados  de  los  observadones  meteorol6glca8 — Solamente,  cada 
dia,  se  manda  a  la  prensa  local  un  resumen  meteorol6glco  del  dfa.  referente  a 
los  meteoros  prlndpales. 

Un  modelo  de  este  aviso  dlarlo  se  encuentra  en  los  anexos  (letra  A). 

OBSERVATORIO   KETE0B0L6GIC0  DEL   INSTmJTO   k£dICO   SUCRE. 

1.  Coordenadas  geogrdflca$  y  altura  sobre  el  nivel  del  mar. — ^I^atltud  Sur, 
19'  2'  45" ;  longltud  W.  de  Greenwich,  65*  17" ;  altura  sobre  el  nlvel  del  mar, 
2,844  metros. 

Las  coordenadas  Indicadas  son  provlsorias. 

Determlnaclones  verdaderamente  matemdtlcas  no  han  sldo  hechas  todavla. - 

2.  Publicaciones:  con  los  resultados  de  las  observadones. — ^Boletln  meteoro- 
l6glco  del  "  Instituto  Medico  Sucre  *' ;  exlste  desde  1913.  Aparece  generalmente 
cada  trlmestre;  antes  de  1918,  se  publlcaban  los  resultados  en  anexo  en  la 
Revlsta  del  "  Instituto  MMlco  Sucre." 

Al  fin  de  cada  mes,  el  observatorio  presenta  un  Informe  que  comprende: 

1.  Un  resumen  de  las  observadones  practlcadas  durante  el  mes. 

2.  Un  resumen  para  cada  dfa  del  mes. 

8.  Cuadros  de  resultados  de  observadones  correspondlentes  a :  Temperature, 
presl<3n  barom^trlca,  humedad,  tension  de  vapor  de  agua. 

4.  Observadones  sobre  el  estado  meteoroKSglco  de  Sucre  durante  el  mes. 

5.  Grdficos  de  los  aparatos  reglstradores  y  referentes  a  la  temperatura,  la 
presl6n  barom^trlca  y  la  humedad. 

Modelos  de  esos  cuadros  se  encuentran  en  los  anexos.    [Letra  B.] 

3.  Registros  de  observadones, — ^E^xlste  un  reglstro  especial  para  las  anota- 
dones  de  las  lecturas  de  los  Instrumentos. 
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Tombi^n  hay  un  diorlo  del  observatorio  para  notas  y  obeervaclones  aobre : 

1.  FenOmenos  meteorolOglcos  generales. 

2.  Estado  del  tiempo. 

3.  FenomenoB  solares. 

Ed  los  anexos  hay  un  modelo  del  registro  y  del  dlarlo.    [Letra  C.) 

4.  Fen6meno8  meteoroldgicot  ob$ervado$, — ^Las  observacloDes  ae  refleren  a 
los  elementos  ineteorol6glco8  fundamentales  slgulentes:  Presi6n  barom^trlca, 
tempera tura,  tension  del  vapor  de  agua,  humedad,  evaporaci^n,  regimen  de  las 
llavlas,  regimen  de  los  vlentos,  Debulosldad. 

Radiacl6n  solar  (estudlo  prlvado  por  el  Director.) 

NoTA. — Ed  los  anexos  se  encueDtran  ejemplares  de:  (1)  UeteoroloQia  Boii- 
viana  por  0.  Lurquln;  (2)  Para  la  tneteorologia  en  Bolivia  por  C.  Lurquin; 
(3)  Boletin  meteoroldgico  del  Observatorio  meteorol6glco  de  Sucre  (Oltimo 
ntimero). 

OBSRBVATOBIO  METEOBOL6gICO  DKL  COLEOIO  DEL  SAGBAOO  CORA£6n,  SUCRB. 

1.  Coordenadas  geogrdficas  y  altura  sobre  el  nivel  del  mar. — (v^ase  Observa- 
torio del  iDStituto  M^ico  Sucre). 

2.  Publicacionei  con  lot  rettUtado*  de  la9  observaciones, — ^BoletfD  mensual 
del  Observatorio  ineteorol6glco.  Ha  euipezado  a  publicarse  eu  febrero  de  1915. 
Hay  en  los  anexos  una  coleccl6n  completa  de  los  boletlnes  mensuales. 

3.  Regittro  de  obMervaciones, — El  registro  de  ooservacloncs  tiene  la  iii«3ifea 
dlsposlcl6n  que  la  ludlcada  en  el  boletfn  mensual. 

4.  FendmenoB  mrteorol6gico9  observados, — Presl6n  barom^trlca,  temperatura, 
estado  higrom^trlco,  tension  del  vapor,  evaporacl6n,  lluvla. 

Vlentos :  dlreccl6n  y  velocldad.  Nubes :  clase,  dlreccldn  y  cantldad.  Manchas 
del  sol. 

JBSEBVATOBIO   METE0B0L6QIC0  DEL   INSTTIUTO    NACIONAL   DE   AOBONOMIa   Y    VETEBI- 

NABIA,  COCUABAMBA. 

1.  Coordenadas  geogrdflcat  y  altura  $obre  el  nivel  del  mar, — ^Latltud  Sur»  17* 
22'  55" ;  lougltud  W.  de  Greenwich,  66*  4'  18'' ;  altura  sobre  el  nivel  del  mar, 
2575  metres. 

2.  PublicacUmes  con  lo$  re8ultado9  de  tot  obBervadoncM. — Observadones 
meteoroldglcas :  publlcacldn  semestral. 

Un  ejemplar  de  esta  publicacl6n  se  encuentra  en  los  anexos. 

estaci6n  heteobol6oica  de  tacuiba. 

La  estacl6n  InalAmbrica  de  Yaculba  ha  mandado  durante  algtin  tiempo  a  la 
cludad  de  La  Paz  avisos  telegrdflcos  dlarlos  de  los  elementos :  presl6n,  tempera- 
turns,  humedad,  lluvia. 

NoTA. — ^No  hay  en  Bolivia  ningtkn  observatorio  a3tron6mico.  Exlste  sola- 
mente  en  La  Paz  una  muy  sencilla  lnstalacl6n  para  la  determlnaci6n  de  la 
hora  a  cargo  del  ingeniero  IdlAquez.  Seraanalmente  (los  dfas  viernes)  se 
trasmite  la  hora  a  la  direccl6n  general  de  tel^grafos  para  que  ella,  a  su  vez,  to 
haga  a  sus  dlstintas  oficlnas  dependientes.  AdemOs  el  Sr.  Idi&quez  comunica 
la  bora  a  las  compaQfns  ferrovlarlas  constltuidns  en  el  pats,  las  que  telegrtlfiea- 
mente  la  hacen  conocer  a.  sus  dlversas  estadones. 
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KSTAC10NE8    PLUVIOMtTBICAS   B8TABLBCIDA8   FOB   LA    BOLIVIA   BAILWAY    Y    CIA. 

i.  Coordenadas  g€Offrdflca$  y  altura  sobre  el  nivel  del  inar. 


Lugares. 

Lonfttud  W 
deOreaDwicli. 

AlUtud. 

Oruro 

17   58     5 
19   41    48 

«7     4    56 
06   48   34 

m. 
3.714 

Potosf 

4,0« 

Hyiinl • - 

RioMulatos 

Atochft 

ChiJInJ 

AIpfMMmift 

Jufaca 

Parotani 

1;^ 

Coma  Coma , ........  . . 

Calcha. 

2,  Publicaciones  con  los  resultados  de  las  obaervacioneB. — ^Mensualmente  la 
••  Bolivia  Railway  y  Cia"  suminlstra  a  la  Direcci6n  General  de  Obras  Piibllcas 
an  informe  demostrando  las  respectlvas  cafdas  de  lluvias  en  los  puntos  de  las 
Uneas  de  ferrocarriles  donde  hay  pluvldmetros  instalados;  esos  datos  son 
mandados  cada  mes  al  Observatorio  meteorol6gico  del  Instltuto  m^ico  Sucre. 

3,  Fendmeno  tnetearol6ffico  observado, — ^Lluvia,  la  altura  de  la  lluvia  estd 
dada  en  pulgadas. 

1B8TACI6n    SISMOLdOICA    DEL   COLEOIO   SAN    CALIXTO,    LA   PAZ. 

I.  Coordenadas  geogrdflcas  y  altura  %obre  el  ni^el  del  mar. — ^V4ase  Observa- 
torio Meteorol6gico  del  Colegio  San  Calixto  de  La  Paz. 

II.  Publicaciones  con  lo8  resiUtados  de  las  observaciones, — Boletfn  mensual 
de  la  estaci6n  sismoldgica  del  Ck)legio  San  Calixto.    Existe  desde  mayo  1913. 

Un  ejemplar  del  boletfn  se  encuentra  en  los  anexos  [letra  El. 

III.  Fendmenos  meteoroldgicos  observados, — Para  los  movimientos  lentos:  2 
(Mimponentes  horlzontales ;  para  los  movimientos  rdpidos:  2  componentes  verti- 
cales. 

NoTA. — Interesantes  informaciones  ttoiicas  sobre  el  Observatorio  sismol6gico 
de  la  Paz  se  nallan  en  la  notlcia  escrita  por  el  Sr.  Descotes,  S.  J.,  director  de 
^te  observatorio. 

Un  ejemplar  de  esta  notlcia  se  enciieiitrn  en  los  tmexos. 

II.    METBOROTXKifA  BOTJVTANA. 

_-/.  Proyecto  ofivial  de  scrmcio  meieoroldgico  naeional. — Al  hablar  de  la 
meteorologia  en  Bolivia,  debemos  en  primer  )ugur  recordar  lo  que  ha  sido  ya 
propuesto  en  este  sentido. 

En  la  Memoria  de  Instrucci6n  Ptiblica  y  Agrlcultura  de  1912,  el  SeQor 
Ministro  Mariaca,  respecto  a  la  meteorologia  en  Bolivia,  dice: 

Se  ha  dictado  el  decreto  supremo  que  cren  nn  observatorio  meteorol6glco  en 
La  Paz  con  varias*  ofleinas  secumlarins  en  los  i>unto«  mAs  Importautes  de  la  Re- 
piiblica;  pero  nos  es  sensible  informar  qiK*  no  se  hnya  ixxlldo  llevar  a  cabo  la 
idea  del  Gobierno,  por  no  haber  encontrado  el  personal  necesario  nl  conseguldo 
el  material  que  es  indispensable  para  las  observaciones.  No  es  posible  aplazar 
por  m&8  tiempo  e.sta  instalaci6n  sin  comprometer  en  cierto  modo  la  serledad  del 
Gobierno. 

Rl  menclonado  decreto  dice  que  es  necesario  para  el  fomento  de  la  agrlcultura 
nacional  la  recoleccl6n  de  observaciones  meteorolrtgicns  en  tenia  la  llepdblica 
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para  el  estudio  de  la  climatologfa  del  pafs  en  sus  relaciones  cod  la  bisiene  y  U 
agricoltura,  a  fin  de  formar  la  carta  cUmatol^i^ca  y  mapa  agroD^mico  del  pal^ 

El  decreto  dicta  la  creaci6n  de  un  servicio  meteorol^glco  dependiente  del 
Ministerio  de  lD8trncci6n  y  Agricaltora,  que  deberd  organizar  y  re^amentar 
el  servicio  conforme  a  lo  acordado  en  los  congresos  meteoroldgicos  int^noa- 
cionales.  Este  servicio  estard  formado  de  las  slguientes  estaciones :  on  obaerva- 
torio  y  oficina  central  del  servicio  en  La  Paz  y  ocho  estaciones  meteorol6gicas 
que  se  establecerdn  en  Trinidad,  Cochabamba,  Santa  Cruz,  Tarija,  Oruro,  Potosf, 
Sucre  y  Riveralta  y  de  tantas  estaciones  t^rmo-pluviom^tricas  cuantas  sean 
menester  parn  el  estudio  de  la  distribuci6n  de  las  Iluvias  y  temperaturas.  £2sta8 
estaciones  se  instalardn  de  preferencia  en  las  capitales  de  provincia  y  en  los 
cantones  en  que  hubiere  establecido  servicio  telegrdflco. 

Otro  decreto  sobre  la  metcorologfa  boHvlana  figura  en  la  memoria  de  Instruct 
ci6n  Ptlblica  del  Dr.  Calvo.  El  artfculo  principal  dice  que  se  crea  bajo  la 
dependencia  del  Ministerio  de  Instrucci6n  y  Agricultura,  un  servicio  meteorold- 
gico  que  tendrd  a  su  cargo  la  recoleccidn  de  las  observadones  meteoroldgicas 
de  la  Reptiblica  y  la  ejecuci6n  y  publlcaci6n  de  los  estudios  y  trabajos  reiatlvos 
a  la  climatologfa  agrfcola ;  as(  como  la  fonnaci6n  de  la  Carta  Climato1<$g1ca  y 
Mapa  Agron6mico  del  pafs. 

Para  los  fines  del  artfculo  precedente  se  fundard  una  oflcina  central  en  la 
ciudad  de  La  Paz  y  una  estacKSn  meteoroKSgica  en  cada  una  de  las  capitales  de 
Departamento,  anexa,  si  fuera  posible,  a  la  cdtedra  de  dencias  naturales  de 
algdn  colegio  particular  u  oficial  de  ensefianza  secundaria. 

El  poder  Ejecutivo  podrd  crear  otras  estaciones  en  los  lugares  que  crea 
neccsario  dentro  de  la  partida  presupuestada  al  efecto,  a  medida  <que  lo  re- 
damen  las  necesidades  del  servicio. 

Si  queremos  ahora  conocer  las  utilidades  prdcticas  y  materiales  de  todas 
estas  dedsiones  ofidales,  encontraremos  muy  poca  cosa.  No  ban  pasado  de 
ser  simples  proyectos  que  ban  quedado  sin  aplicaci6n,  letra  muerta  y  tlempo 
perdido.  Una  iniclativa  tan  importante  ba  fracasado  y  las  bases  de  una  obra 
de  gran  inters  cientifico  no  ban  podido  ser  establecldaa.  Para  confirnuir  este 
aserto  trascribo  a  continuad6n  el  informe  presentado  por  el  Decano  de  la . 
Facultad  de  Medidna  de  La  Paz  a  la  consideracKSn  del  Rector  de  esa  Unl- 
versidadf  en  su  parte  ref erente  a  la  secd6n  de  meteorologfa :  **  En  cuanto  a  la 
organizacl6n  del  servicio  meteorol6gico  el  Supremo  Gobierno  tropez6  desde  el 
primer  instante  con  tantos  y  tan  grandes  inconvenientes,  que  tuvo  que  desistir 
de  su  empeflo,  canceiando  el  nombramiento  de  Director  del  Servldo  meteoro- 
l<5gico." 

En  resumen,  no  bay  en  Bolivia  Servicio  MeteoroI6gico  Nacional  OfidaL  Exls- 
ten  en  La  Paz,  en  Sucre  y  en  Cocbabamba  instaladones  meteorol<3gicas  bas- 
tante  completas.  La  meteorologfa  boliviana  comprende  tinicamente  esos  or- 
ganismos  alslados.  No  bay  trabajo  de  conjunto  posible,  y  se  llega  a  resultados 
Interesantes  pero  de  cardcter  local.  Falta  esendalmente  la  reunl6n  y  la  con- 
centracKSn  de  las  observadones  para  realizar  un  trabajo  uniforme  de  reducd6Dt 
comparad6n  y  andlisis  de  los  resultados. 

Para  colocar  A  Bolivia  en  el  cfrculo  del  trabajo  cientffico  de  las  Reptiblicas 
Americanas,  se  impone  la  organizaci6n  de  un  servicio  meteoroI6gico  como  una 
necesidad  de  primer  orden.  Conviene  especialmente  que  la  obra  sea  verda- 
derameute  nacional  y  que  ella  pueda  contar  con  el  concurso  de  todos  los  de- 
partamentos.  Se  trata  de  una  institucl6n  dentfflca  que  tlene  utilidades  7 
l>enefido8  para  todo  el  pafs.  A  nombre  del  Instituto  MMico  de  Sucre,  presento  a 
la  con8ideraci6n  del  Segundo  Oongreso  Gientffico  Panamerlcano  la  conclusidD 
indicada  en  la  dltima  parte  de  este  informe  referente  al  establedmiento  de 
un  servldo  meteoroldgico  boliviano  ofldat 
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No  se  publlca  a  la  fecha  en  toda  la  Reptkbllca  ningtiii  mapa  del  tlempo  y  no 
existe  ningtLn  seryiclo  para  la  previsl6n  del  tlempo.  Tampoco  se  dan  avlsoe 
relatlvos  a  las  tormentas  y  a  las  predlcclones  sobre  el  nlvel  de  las  aguak 
flnviales. 

II.  AvUo8  telegrdflcos, — ^Los  observatorlos  meteorol6gicos  de  Sucre  y  de 
Oochabamba  asf  como  la  estacKSn  meteoroldglca  de  Yaculba  mandan  telegrdfl- 
camente  cada  dfa  a  la  cludad  de  La  Paz  un  resumen  meteorol6glco  del  dla 
referente  a  los  meteoros  prlnclpales.  Son  los  tinlcos  avisos  meteorol6glco8 
telegrdficos  para  el  Interior  de  Bolivia. 

En  un  artlculo:  ''Envlo  telegr&flco  dlnrlo  a  Buenos  Aires  de  elementos 
ineteorol6glcos  de  Sucre  para  el  mapa  del  tlempo  de  la  oflclna  meteorol6glca 
argentlna"  he  propuesto  pedlr  al  Mlnlsterlo  de  Instrucci6n  Fdbllca  la  autori- 
Eaci6n  oficial  para  el  Observatorlo  del  Instltuto  MMlco  Sucre  para  poder 
mandar  telegrdflcamente  cada  dfa  a  la  oflclna  meteorol6glca  central  argentlna 
a  Buenos- Aires,  elementos  meteorol6glcos  de  Sucre  para  que  figuren  en  el  mapa 
argentlno  dlarlo  del  tlempo.  Hasta  ahora  no  se  ha  podldo  reallzar  efectlva- 
mente  este  Importante  proyecto. 

00NCLU8I0NE8. 

De  acuerdo  con  lo  expuesto,  formulo,  para  el  tema  panamerlcano  corres- 
pondlente  a  la  seccl6n  segnnda,  la  slgulente  proposlddn  que  someto  a  la  con- 
8lderacl6n  del  Honorable  Segundo  Congreso  Clentfflco  Panamerlcano: 

Tenlendo  en  vista  los  benefidos  y  las  utllidades  que  puede  reportar  a  las 
nadones  del  Contlnente  Americano  y  a  la  clencla  en  todos  sus  6rdenes,  un 
estudlo  detallado  de  los  fen6menos  atmosf^rJcos  y  la  conveniencla  de  verlficar  este 
estudlo  conforme  a  un  programa  cientffioo  para  el  adelanto  de  la  cienda 
meteorol6glca  amerlcana,  el  Segundo  CJongreso  Clentfflco  Panamerlcano  acuerda 
que  cada  Goblerno  Americano  que  no  tenga  actualmente  establecldo  su  servldo 
meteorol6glco  lo  establezca,  provlsto  de  todos  los  instrumentos  Indlspensables 
de  lectura  dlrecta  y  ademds  de  dobles  nparntos  reglstrmlorea  de  cada  uno  de  loa 
elementos  meteorol6glcos. 

lAsia  de  los  trahajos  puhlicado8  por  el  personal  de  la  seccidn  de  meteoroloffia 
del  InstUuto  Medico  Sucre. 

Del  Sr.  C.  Lurquln,  Director  del  Observatorlo: 
(A)  Trabajos  de  Astronomfa: 

1.  Sobre  algunas  cantidades  constantes  f fslcas  en  Sucre.  Revlsta  del  "  Ins- 
tltuto MMlco  Sucre"  No.  28. 

2.  Latitud  geogrdflca  de  Sucre.  Boletfn  de  la  "  Sodedad  Geogrdflca  Sucre." 
(Tomo  XIV.) 

8.  Longltud  del  dfa  en  Sucre.  Boletfn  de  la  "  Sodedad  Geogrdflca  Sucre.*' 
(Tomo  XIV). 

4.  Sobre  un  nuevo  m^todo  de  determlnad6n  de  las  longitudes  terrestres  por 
medio  de  la  dntllad6n  de  los  astros.  Boletfn  de  la  **  Sodedad  Geogr&flca 
Sucre."    (Tomo  XV). 

5.  Informe  clentfflco  presentado  a  la  *'  Sodedad  QeogrAflca  Sucre "  sobre  el 
Observatorlo  astron6mlco  de  Cordoba.  (Argentina).  Boletfn  de  la  "Sodedad 
Oeogrftflca  Sucre."    (Tomo  XV). 

6.  Algunas  palabras  sobre  el  estudlo  del  delo.    **  P&glnas  Bscogidas."    No.  6. 

7.  Nota  sobre  el  planeta  **  BoUviana«"  Boletfn  de  la  **  Sodedad  Geogr&flcn 
Sucre."    (Tomo  XVI). 
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8.  Servicio  Naolunal  Ue  la   hora  en  Bolivia.     Informe  presentado   ante  e! 
Mlnisterio  de  Instrucci^n. 

( B. )  Trabajos  ref erentes  a  la  Meteorologfa  Boliviana : 

1.  Resumen  de  las  observaciones  meteorol6gicaa  hechas  en  Sucre  durante  d 
afio  de*1912.     "  Revista  del  Institnto  MMico  Sucre,"    No.  23. 

2.  Informe  cientfflco  presentado  al  '*  Instituto  Medico  Sucre"   sobre  la  re- 
organizaci^n  del  Observatorio  meteorol6gico  de  Sucra 

3.  Para  la  Meteorologfa  en  Bolivia.    **  Pdginas  Escogidas  "  No.  7. 

4.  Resultados  de  las  observaciones  meteorol^gicas  hechas  en  Sucre  durante 
el  afio  de  1913.    1  folleto.    Sucre. 

5.  Sobre  el  estado  liyetom^trico  de  Sucre  en  1912.     **  Revista  del    Instituto 
MAlico  Sucre  "  No.  32. 

G.  Resumen  de  las  observaciones  hechas  en  Sucre  durante  el  printer  semestre 
de  1914.    1  folleto.    Sucre. 

7.  La   oficina    meteorol^gica   de   C6rdoba.     "Revista    del    Instituto    M&dLco 
.*<ucre."    No.  29. 

8.  Meteorologfa  Boliviana.    1  folleto.     Sucre. 

9   Para  el  desarrollo  de  la  actividad  cientfflca  del  Observatorio  meteoroli^co 
de  Sucre.    "Observaciones  meteorol^gicas."    Febrero  de  1915. 

10.  Resumen  de  las  observaciones  meteoroldglcas  hechas  en  Sucre   durante 
el  tercer  trimestre  de  1918.    "  Observaciones  meteorol6gicas."    Febrero  de  1915. 

11.  Resefia  meteorol6gica  para  el  afio  de  1914.    *'  Revista  del  Instituto  M^dloo 
Sucre."    No.  33. 

12.  Regimen  de  las  lluvias  en  Sucre  durante  1914.    "Boletfn  meteoroldgloo 
de  1915. 

13.  Consideraciones  generates  sobre  aerologla.     "Boletfn  meteoroldgico  de 
1915." 

14.  Resumen  de  las  observaciones  meteorol6gicas  hechas  en  Sucre  durante 
el  primer  semestre  de  1915. 

Del  Dr.  Job^  Marfa  Araujo,  Jefe  de  la  Secci6n : 

1.  Ligeras  consideraciones  acerca  de  los  meses  frfos  de  Junio  y  Julio  y  los 
6rganos  respiratorios  superiores. 

2.  Algo  mds  sobre  la  Meteorologfa  Boliviana. 

3.  Acomodaci6n  del  organismo  d  los  climas  de  altura. 

Del  Dr.  G.  Mendizdbal,  secretario  y  ayudante  de  la  9ecci6n : 

1.  Ck)nsideraciones  meteorol^gicas. 

2.  Influencia  en  medicina  de  los  elementos  meteorol6gicos :  calor  y  frfo. 

3.  Influencia  en  medicina  del  factor  meteorol6gico :  humedad. 

A. — DOCUMENT A0I6n    METE0B0L6gICA. 

Ob8tTvatofi4}  meteoroldgico  y  sUmico  de  los  Padres  Jesuitas  de  La  Paz. — 
Poslci6n  nproximada:  Latitud  S.,  IG""  29'  43";  longitud  W.  de  Greenwich^ 
0QO  Q,  jQ„ .  altura  sobre  el  nivel  del  mar,  3670  mts. 

Bar6metro de  1915:  Mdxima ;  minima 

Term^metros:  Mdxima,    al    sol ;    mdxima,    sombra ;     mfnlma,    oi 

lierra ;  mfnima,  en  el  aire . 

Hlgr^metro:  Mdxima ;  minima . 

Evaporfmentro  y  lluvla:  Milfmetros ;  milfmetros 

Viento:   Direcci6n ;   velocidad   media   por  segundo ;   kilAmetros 

recorrldos  en  24  horas 

Otros  meteoros: 
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OhMervatoHo  meteoroldgico  del  Instituto  Medico  Sucre, — Resumen  de  las  ol>- 
servaciones  practicadas  durante  el  mes  de 1914. 

Temperaturas :    Media    mensoal ;    m&xlma    extrema ;    mfnima    ex- 

trema . 

Bar6metro  reducido  a  0":  Presi6n  media  mensual ;  m&xima  presi^n  en 

el  mes ;  mfnima  presi6n  en  el  mes . 

Tensi6n  del  vapor  de  agua ;  Media  mensual . 

Humedad  relativa  por  ciento:  Media  mensual 

Eivaporacidn :  Evaporaci6n  media  diurna . 

Uuvias;  Ntlmero  de  dfas  con  Uuvia  en  el  mes ;  total  de  agua  recogido  en 

el  mes . 

Kubes:  Glase  de  nubes  dominante — ^ 

Vlento:  Direccion  dominante 

Observatario  Meteoroldgico  del  **InsHtuto  Midico  Sucre.** 

TEMPERATURAS. 
RMultados  de  las  observadones  practicadas  durante de 
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PRESI6N   BAROMfiTRICA. 
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HUMEDAD. 

RtmOtMOm  d»  lai  obatrradonet  pfrtifdm  dnranto de 
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C. — N0TA8  BOBBB  LOS  FEN6mEN08  METBOBOI/kllOOS  T  KL  E8TAD0  DEL  TIEICPO. tH^- 

TITUTO    MEDICO     BUCBB,    OB8EBVATOBIO     lOETEOBOLdOICO,     DE    l» 

1919. 


Horn. 


Obaerraeionet. 


1.  Sobre  fendmenos  meteorol^gioot. 

2.  Sobre  el  estieido  del  ticmpo. 


3.  Sobre  feiKhnenos  solarcs. 


4.  Sobre  fendmenos  astrondmicoe. 
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Boletin  9ismico  del  Observatorio  del  Colegio  San  Calixio  (PP.  Je^uUae). 
'  Loogitiid  W.  Oreeiiwlch,68*9'  10";  Utitad  8. 16*  20'  43";  altmmtobre  •liiiar,S,658:m.    Mm de Junto.  1911l) 
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Las  agujas  se  siUeron  del oilindro  a  las  2i •>  31»  y  ragresarO  la  del  E.  W.  4  21^  SO*  10*.  Sentido  fuartedesde 
Arsf HiiM  ( VIL  R.  F.)  basU  A nU^agoita. 
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The  Chairman.  This  interesting  account  of  work  in  Bolivia  is 
before  you,  and  we  have  a  few  minutes  for  discussion. 

Here  followed  a  discussion  in  Spanish.    Discussion  not  reported. 

The  Chairman.  If  there  is  no  further  discussion,  in  the  absence 
of  the  authors  of  the  next  two  papers  we  will  consider  them 
read  by  title.  They  are  "  First  steps  of  Venezuela  in  the  field  of 
meteorology,"  by  Senor  Dr.  Luis  Ugueto,  director  del  Observatorio 
Cajigal,  Caracas,  Venezuela,  and  "General  organization  of  the 
services  of  the  National  Meteorological  Bureau  of  Uruguay,"  by 
Senor  Don  Hamlet  Bazzano,  director  del  Instituto  Meteorol6gico  Na- 
cional,  Montevideo,  Uruguay. 


PRIMEROS  PASOS  DE  VENEZUELA  EN  EL  CAMPO  DE  LA  METEO- 
ROLOGfA.  ALGUNAS  CONSIDERACIONES  ACERCA  DE  LA 
ALTURA  MEDIA  ANUAL  DEL  BAR6METR0  AL  NIVEL  DEL  MAR 
EN  VENEZUELA  T  ACERCA  DE  LA  OSCILACI6N  BAROM^TRICA 
A  DIVERSAS  ALTURAS. 

Por  LUIS  UGUETO, 
Director  del  Observatorio  Cajigal  de  Caracas, 

PBIMBBA  PASTE. 

IjH  importanda  de  los  estudios  meteorol^gicos  desde  el  punto  de  vista  agroD6- 
mico  debi6  haber  servido  de  estfmulo  desde  hace  ya  mucho  tiempo  para  la  im- 
plantaci^n  de  ellos  en  el  pafs;  pero  las  tendencias  mtinarias  que  se  oponen 
siempre  a  las  innovaciones  ban  retardado  sn  desenvolvimiento  y  aun  cuando 
desde  hace  m&s  de  20  afios  se  di6  comienzo  a  este  Observatorio,  que  ha  sido 
designado  bajo  el  nombre  de  Gajigal,  en  honor  al  sabio  venezolano  que  trajo 
de  Espafia,  a  mediados  del  siglo  XIX,  la  primera  simiente  de  los  estudios  mate- 
m&ticoa,  no  se  ha  llegado  a  termlnar  el  edificio,  funcionando,  sin  embargo,  asfr 
inconcluso  en  los  estrechos  Ifmites  posibles. 

Justo  es,  no  obstante,  hacer  constar,  que  en  el  afio  antepasado  decret6  el 
Gobierno  Nacional  la  terminaci6n  del  referido  Observatorio  y  su  dotaci6n  con 
los  elementos  necesarios  para  su  mejor  desenvolvimiento,  y  si  esta  medida  no 
ha  sido  llevada  a  cabo,  es  de  suponerse  que  en  gran  parte  haya  sido  motivado 
por  los  actuales  trastornos  mundiales,  que  repercuten  intensamente  hasta 
nosotros. 

Sus  coordenadas  geogrdficas  son :  longitud,  4*  37"  4*,  25**  de  Paris ;  latitud, 
10*  30'  25"  B.  y  altitud  1.042  m.  sobre  el  nivel  del  mar.  Lleva  registros  de. 
Rus  observaciones  diarias  desde  18d2;  pero  estas  no  ban  sido  muy  completas 
sino  hasta  1897,  en  cuya  ^poca  se  hacfan  diez  diarias  de  term^metro  e  higr6me- 
tro,  cuatro  de  bar6metro  a  las  horas  de  mdxima  y  de  minima  y  cinco  de  viento, 
nubes  y  nebulosidades.  Junto  con  la  indicaci6n  escrupulosa  de  la  cantidad  de 
lluvia ;  pero  las  observaciones  de  termdmetro  y  de  p6icr6metro  no  f ueron  ef ec- 
toadas  a  intervaloB  r^^ulares  bIdo  desde  1901  de  tres  en  tres  horas  y  mds 
despu^  hasta  hoy,  por  comodidad  interior  del  establedmiento,  de  seis  en  seis 
horas ;  a  las  6  a.  m.,  12  m.,  6  p.  m.,  y  12  p.  m. 

Estas  observaciones  ban  sido  dadas  a  la  luz  ptiblica  en  diversos  peri6dico8; 
pero  detde  baoe  algiiiKNi  afiot  en  el  diario  **  El  Universal "  de  Caracas,  en  la 
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'*Gaceta  Ofidal"  de  la  mlsma  ciudad  y  en  la  revlsta  ''Vargas,**  6rgano  del 
gremio  m^ico  de  Venezuela,  los  resiimenes  mensnales ;  pobllcando  ademto  eo 
hoja  separada  an  resumen  anual,  desde  el  afio  de  1904.  Se  las  efecttla  con 
los  instrumentos  ordinarios  de  lectura  directa,  de  la  f^brlca  de  Negrettl  & 
Zambra,  poseyendo  adem&s  el  Instltuto  nn  reglstro  de  boras  de  sol,  un  anem6- 
metro  de  contacto  el^ctrico  y  pslcr6metrcf  reglstrador. 

Tambl^n  es  creacl6n  del  actual  Qoblerno  la  Estacl6n  meteorol6glca  llbre  de 
la  Escuela  de  Artes  y  Ofidos,  en  Caracas,  como  a  dos  km.  al  E.  del  Obserratorlo 
Cajigal  y  con  892  m.  de  altitud.  Est&  provista  de  bar^metro,  term^metro, 
P8icr6metro,  anem6metro,  pluvi^metro  y  evaporfmetro,  algunos  de  estos  Instru- 
mentos reglstradores  y  otros  de  lectura  directa. 

Se  leen  en  ella  las  temperaturas  mdxima  y  minima  y  el  term6metro  libre,  el 
bar6metro  y  el  psicr6metro  a  las  cuatro  boras  reglamentarias :  61/2  a.  m.,  8 
a.  m.,  2  p.  m.  y  4  p.  m.;  el  evaporfmetro  cada  24  boras;  del  anem^metro  la 
mdxima  y  su  bora  correspondiente ;  del  pluvi6metro  la  altura  total  diaria,  las 
boras  correspondientes,  la  mdxima  intensidad  de  la  lluvia  por  minuto  y  la 
bora  de  la  mdxima.  Publica  un  boletfn  diario  en  el  peri6dico  "  El  Nueva 
Diario  **  de  Caracas  y  funclona  desde  hace  cerca  de  dos  aflos.  A  falta  de  los 
esfuerzos  oficiales  en  ^pocas  pasadas  algunos  de  nuestros  hombres  estudiosos, 
por  desgracia  pocos,  ban  emprendido  aqul  y  alld  observaciones  aisladas,  que 
tienen  por  lo  menos  el  m^rito  del  deslnter^  y  de  la  aplicaci6n. 

Citar^  los  autores  de  aquellas  que  ban  llegado  a  mi  conocimiento :  en  primer 
t^rmino  las  del  Dr.  Agustfn  Aveledo,  proseguidas  por  casi  medio  siglo  en  el 
Coleglo  de  Santa  Marfa  en  Caracas;  las  del  Dr.  Alfredo  Jabn  en  diversos 
lugares  de  la  Repdblica  y  muy  especialmente  en  los  Valles  de  Aragua  (80  a 
100  km.  al  SO.  de  Caracas  con  altitudes  de  4  a  500  m.)  ;  las  del  sefior  Emilio 
Maldonado,  en  M^rida  y  las  de  los  sefiores  bacbilleres  Alfonzo,  en  Ucbire. 

El  Coiegio  de  Santa  Marfa  estuvo  situado  basta  bace  cerca  de  dos  afios  como 
a  1,  6  k.  m.  al  NE.  del  Observatorio  Cajigal  y  a  una  altura  de  930  m.  sobre  el 
nivel  del  mar.  Las  observaciones  se  ban  publicado  en  diversos  diarios  de  la 
capital,  de  los  cuales  algunos  de  ellos  no  existen  ya,  pero  pueden  verse  sus 
colecciones  en  la  Blblioteca  Nadonal.  Entre  estos  diarios  recordamos:  "El 
Siglo",  "La  Opinion  Nadonal",  "El  Tlempo",  "El  Universal"  y  sobre  todo 
"La  Vargasla",  que  vi6  la  luz  ptiblica  en  Caracas  bace  mds  de  cuarenta 
afios,  6rgano  de  la  Sociedad  de  Cienclas  Ffsicas  y  Naturales,  a  la  cual  per- 
tenecieron  Aveledo,  Ernst,  Revenga,  etc.  Hoy  el  referido  Colegio,  decano  de  la 
Repdblica,  estd  situado  como  a  mds  de  medio  km.  al  S.  de  su  primitlva  posid6n 
y  como  80  m.  mds  bajo  respecto  al  nivel  dd  mar. 

Las  observaciones  del  Dr.*  Alfredo  Jabn  se  extienden  a  casi  todo  d  pais  y  muy 
frecuentemente  en  vlaje;  pero  en  ocasiones  por  d  mlsmo  o  bajo  su  direcci6n 
se  ban  efectuado  series  dilatadas.  Algunas  de  dlas  ban  sido  publicadas  en  su 
Interesante  obra  "Tabla  de  altitudes**;  pero  creo  que  mucbas  las  conserva 
adn  in^itas. 

De  las  del  sefior  Emilio  Maldonado,  en  Mdrida  (long.  78*  80'  0.  de  Paris; 
lat  8"*  86'  B.  y  alt  1641  m.)  solo  algunas  aisladas  ban  llegado  a  mi  conocimi- 
ento, publicadas  en  la  Gaceta  Universitaria  de  M^rida.  Igual  cosa  puedo  dedr 
de  las  de  los  sefiores  bacbilleres  Ricardo  y  Julio  Alfonzo  en  Ucbire  (67*  49'  0. 
de  Paris;  10*  7'  B.  y  al  nivel  del  mar). 

En  cuanto  a  estas  observadones,  fruto  de  la  inidativa  de  hombres  estudiosos 
dd  pais,  solo  me  rests  formular  el  voto,  de  que  sean  publicadas  en  conjunto 
para  su  deblda  apredaci6n  y  puedan  servlr  asf  de  base  a  investigadones  in- 
teresantes. 

Otras  colecciones  de  observaciones  meteorol6gicas  importantes  nos  suministra . 
In  Meraoria  publlcnda  por  el  Ooblerno  Nadonal  en  1907.  titulada  "Trabajos 
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del  Cuerpo  de  Ingenleros,  encargado  del  levantamiento  del  Piano  Militar  de 
Venezuela"  y  la  que  puede  ser  conslderada  como  una  continiiaci6n  de  ^sta, 
publlcada  en  1911  y  titnlada  **TrabaJos  del  Cuerpo  de  Ingenieros,  encargado 
del  levantamiento  del  Mapa  Flsico  y  Polftlco  de  Venezuela,"  pues  ambas  corpo- 
raciones  tuvieron  el  mismo  objetivo,  aunque  bajo  diferentes  nombres.  Los 
resultados'publicados  abrazan  el  perfodo  comprendldo  entre  diclembre  de  1904 
y  octubre  de  1910  y  se  extienden  a  las  poblaciones  m&s  notables  de  la  Re- 
ptlblica.  For  de^grada  esta  laudable  emptesa  no  ha  sido  proseguida,  a  pesar 
del  ^ito  que  alcanzd  hasta  la  tlltima  fecha  mencionada. 

Sin  embargo,  las  observaciones  aisladas  ntin  cuando  sumlnistran  datos 
importantes  respecto  a  la  climatologfa  local,  no  permiten  abordar  muchos 
problemas,  que  la  comparaci6n  de  las  simultAneas  en  una  red  extendida  en  el 
pais  podrla  solucionar. 

Es  pues,  para  emprender  los  estudios  climatol6gicos  de  las  diversas  regiones 
de  ^l  y  poder  abordar  estos  otros  problemas  en  un  futuro  m&s  o  menos  lejano, 
que  el  Oobierno  Nacional  posesion&ndose  al  fin  de  la  cuesti^n,  decret6  con  fecha 
14  de  marzo  de  1913,  la  creaci6n  de  cuatro  Estaciones  Meteorol6gicas  en 
M^da,  Giudad  Bolfvar  (long.  4  h.  82  m.  0.  de  Paris;  8*"  9'  B.  y  38  m.  sobre  ^ 
mar,  a  orillas  del  Orinoco),  Maracaibo  (sobre  el  lago  del  mismo  nombre;  long. 
4  h.  56  m.  0.  de  Paris  y  10*  89'  B.)  y  Oalabozo,  en  los  llanos  (4  h.  89  m.  1  0. 
de  Paris,  8*  56'  B.  y  100  m.  de  altitud),  en  correspondencla  con  este  Observa- 
torio  central  y  aunque  a  la  fecha  no  funcionan  sino  las  de  M^rida  y  Maracaibo 
es  de  esperarse  que  pronto  serdn  establecidas  las  otras  dos. 

Las  observaciones  de  estos  centros  datan  tan  solo  de  unos  seis  meses  atr^s. 
Las  que  se  publican  diariamente  en  el  peri6dico  "  El  Universal "  se  reducen  a 
mdxima  y  minima  termom^trica,  m&xlma  y  minima  barom^trica,  a  las  10  a.  m. 
y  4  p.  m.,  respectivamente ;  humedad  a  las  6  a.  m.,  12  m.  y  9  p.  m.,  para 
obtener  por  sus  promedios  la  media  diaria ;  viento  inferior  a  las  mismas  horas ; 
insolaci^n  durante  todo  el  dia  y  la  cantldad  y  duraci6n  de  lluvia  caida. 
Algunos  otros  datos  pueden  obtenerse  medlante  los  registradores  que  pos^  cada 
Estacidn:  de  bar6metro,  de  term6metro,  de  velocidad  y  direcci6n  del  viento  y 
de  cantldad  de  agua  caida.  Los  instrumentos  usados  son  de  fabricaci6n 
alemana. 

Es  plausible  este  primer  paso  dado  por  el  Grobiemo  Nacional,  en  el  camino 
de  la  fundacion  de  la  Red  Meteorol6gica,  porque  aunque  el  ntimero  de 
estaciones  sea  asi  muy  pequefio,  implica,  no  obstante,  el  reconocimi^nto  de  la 
importancia  de  estos  asuntos  y  deja  esperar  un  desenvolvimlento  mayor  en  el 
porvenir. 

En  el  estudio  que  »e  leerA  a  continuaci6n  y  del  cual  pueden  conslderarse  come 
[•r61ogo  las  precedentes  Ifneas,  me  ocupo  en  dilucidar,  con  algunos  nuevos  datos 
tomados  de  la  Memoria  del  Mapa  Fisico  y  Politico  de  Venezuela,  el  asunto 
relative  a  la  presl6n  media  anual  en  este  pais,  que  ya  trat4  en  1909,  en  re1aci6n 
con  mis  tablas  altim^tricas,  apoydndome  entonces  tan  solo  en  las  observaciones 
del  Piano  Militar  de  Venezuela,  que  para  esa  ^poca  existian  y  tratarS  flnalmente 
en  esta  parte  de  la  varlacl6n  de  la  oscilaci6n  dinma  bnrom^trlca  en  relacidn 
con  la  altitud  del  lugar. 

SEOXJNDA  PABTK. 

Pr€H(in  media  anual  barom4trica  al  nivel  del  mar  en  Venezuela  y  variaci&n 
con  la  altitud  de  la  osdladdn  diuma. 

Bxlstiendo  gran  niSmero  de  observaciones  baromdtricas,  efectuadas  entre  los 
afios  de  1905  y  1910,  en  diversas  loca1ida(}es  de  este  pais,  en  diferentes  meses 
<lel  aflo  y  publicadas  en  las  dos  memorlas  antes  citadas,.que  se  relaclonan  con 


718        PEOCEKDINGS   SECOND   PAN    AMERICAN    SCIENTIFIC   CO^GKESS. 


el  leva  1 1  tn  mien  to  de  la  carta,  pnrece  que  nada  m&s  quedarfa  por  Iiacer  pura 
determinar  la  presl^n  media  a  que  nos  referimoB,  que  promediarlas  todas  entre 
■I,  sin  ninguna  otra  con8ideraci6iL 

Pero  atendiendo  al  lapeo  relatlvamente  corto  que  abrasan  esas  o)>servacianei 
en  cada  localidad,  a  la  variaci^n  muy  probable  del  valor  que  buscamoe,  de  on 
lugar  a  otro  y  a  la  influencia  que  irregularidades  ocasionales  de  la  presldn 
podrfan  haber  ejercido  temporalmente  en  algunas  estadones,  me  pareci6  qfve 
serfa  acaso  preferible,  para  resolvei^  la  cueBti6n,  adc^tar  on  camino  indirecto, 
que  permitiera  hacer  entrar  como  dato  en  esta  8oluci6n  una  gran  masa  de 
observadones,  efectuadas  sin  interrupci^n  durante  un  largo  perfodo  y  en  coo- 
dlciones  siempre  mAs  fovorables  que  las  que  a  un  viajero  se  presentan. 

Es  asl  que  me  decidf  a  hacer  use  de  las  presiones  barom^tricas  anotadas  dfa 
por  dfa  en  el  Observatorio  Cajigal  entre  los  afios  de  1902  y  1906  que  eran  Uw 
disponibles,  entre  los  m&B  dignos  de  confianza,  para  la  6poca  en  que  por  primera 
vez  inld^  este  trabajo,  que  ampUo  ahora,  como  he  dicho  ya,  validndome  de 
obMnradonei  practicadas  al  nivel  del  mar  posteriormente  a  aquella  feclia. 

El  modo  como  he  procedido  es  el  siguiente:  Despu^  de  calcular  las  medias 
mensuales  y  anuales  de  este  periodo,  que  figurnn  en  el  cuadro  que  va  a  €Xfn- 
tinuaci6n,  obtuve  promediando  los  valores  de  estas  tiltimas  676,  19  m.  in.,  que 
puede  ser  considerado  como  la  media  media  anual  en  el  Observatorio,  con 
sufidente  exactitud  hasta  los  d^imos  de  mllfmetro,  si  se  atiende  a  las  peque- 
fins  diferencins  entre  los  valores  individuales. 

Como  se  v6,  en  el  cuadro  no  figuran  las  cifras  de  las  decenas  y  centenas  de 
milfmetros,  que  son  siempre  las  mismas  que  la  de  la  media  media  que  acabamos 
de  consignar. 

Obs^rvese  tambi^n  de  paso,  que  a  pesar  de  lo  poco  pronundado  de  las  esta- 
donee  a  nuestra  latitud,  se  hacen  muy  manlfiestas  en  este  cuadro  las  TTi^-g|»w 
de  invierno  y  de  estfo,  asf  como  las  mfnimas  de  prlmavera  y  de  otofio,  de 
acuerdo  con  la  ley  general  conocida. 

PrraioncH  medias  mensuales  y  anuales  en  el  Observatorio  Cajigal  entre   los 

afios  ffr  1902  p  1908. 


Meses. 

Mediaa 

Afl08. 

En. 

Wm. 

5.7 

6.5 

6.4 

6.8 

6.6 

6.1 

6.8 

Feb. 

Mar. 

Ab. 

Mm. 

6.1 

5.4 

5.1 

5.9 

6.3 

6.1 

6.1 

May 

Mm. 

6.0 

6.6 

5.3 

5.2 

6.4 

6.1 

6.7 

Jun. 

Mm. 

6.1 

7.2 

6.5 

6.5 

6.5 

6.3 

7.2 

JiU. 

Ag. 

Mm. 

6.3 

7.0 

7.0 

6.9 

6.8 

6.8 

6.9 

Set. 

Mm. 

6.1 

6.9 

6.2 

5.7 

6.3 

5.7 

6.5 

Oct. 

Mm. 

6.0 

5.6 

5.2 

5.3 

6.0 

5.3 

5.5 

N 

Die. 

anoales 

1902 

Mm. 

6.7 

7.4 

5.6 

6.8 

6.6 

6.2 

7.2 

Mm. 

5.7 

6.0 

5.1 

6.2 

6.7 

6.1 

6.5 

Mm. 

7.2 

7.7 

6.7 

7.3 

6.8 

6.8 

7.7 

Mm. 

5.0 

4.9 

6.0 

5.4 

4.2 

5.3 

6.0 

Mm. 

5.6 

5.0 

6.4 

6.5 

4.7 

6.6 

6.8 

&0i 

1903 

&35 

1904 

6.96 

1905 

6w2I 

1906 

6wl6 

1907 

&0I 

1908 

&57 

Medias.... 

6.41 

6.64 

6.04 

5.86 

6.04 

6.61 

7.17 

6.81 

6.20 

5.66 

5.26 

5.66 

6.1 

Buscando  luego  dfa  por  dia  y  separadamente  para  cada  mes,  la  diferendii 
entre  este  valor  y  las  indlcaciones  del  bar6metro  en  los  cuatro  instantes  del 
dfa  en  que  se  1^  este  instrumento  y  promediando  los  resultados  de  los  diversoK 
dfas,  se  obtlenen  las  correcciones  que  habrd  que  hacer  a  una  lectura  efeduada 
en  cualquiera  de  aquellos  cuatro  instantes,  en  este  establecimiento,  y  en  un  mes 
cualqulera  del  afio  para  redudrla  a  la  media  media  anual. 

Si  las  oscilaciones  barom^tricas  diurnas  y  mensuales  tuviesen  a  dlversaH 
alturas  el  mismo  valor  en  estas  regiones,  no  quedarfa  otra  cosa  que  hacer  sino 
aplicar  estas  correcciones  de  que  acabamos  de  hablar  a  las  presiones  lefdas  al 
nivel  del  mar,  en  un  momento  cualquiera,  para  obtener  el  valor  de  la  pre8i6n 
media  correspondiente  a  dicho  nivel.  . 

Pero  la  compulsaddn  de  las  series  recogidas  por  *'E1  Piano  Militar'*  y  *'El 
Mapa  Ffsico  de  Venezuela,'*  me  ha  induddo  a  suponer,  como  lo  he  sefialado 
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desde  lOOD  en  la  '*  Memoria  del  Piano  MiUtar/*  que  por  lo  menos  la  oscllaci^n 
diurna  no  es  constante,  sino  que  dlsmlnuye  en  general  con  la  altura,  cuando  ae 
prescinde  de  irregularldades  accldentales,  lo  que  es  perfectamente  conceblble, 
8l  se  atlende  a  que  dlcha  oscUaddn,  orlglnada  por  la  accl6n  solar,  debe  supo- 
n^rsela  una  fraccl6n  del  peso  mlsmo  de  la  columna  atmosf^rica  y  mlentras 
mayor  sea  este  peso  mayor  debe  ser  aquella  oscilad^n. 

En  lo  tocante  a  las  mensuales,  el  error  que  pueda  derlvarse  de  adoptar  la 
mlsma  ley  de  aumento,  no  puede  ser  en  todo  caso  muy  grande  atendlendo  al 
pequeQo  valor  de  6stas. 

Solo  falta  pues,  en  vlrtud  de  lo  que  precede,  determlnar  el  coeflclente  de 
aumento  que  deba  emplearse  para  deduclr  de  la  oscllaci6n  diurna  en  el  Ob- 
servatorio,  la  correspondlente  al  nivel  del  mar,  en  dlversas  fechas  y  momentos 
del  dia.  Acaso  ese  coeflclente  sea  variable  en  los  diferentes  meses  del  aQo  y 
bubiera  sido  mejor  obtenerlo  mes  por  mes;  pero  como  para  algtmos  de  ^tos 
no  tenia  observaclones  al  nivel  del  mar  y  para  otros  el  ntimero  de  las  disponi- 
bles  fuera  muy  pequetio,  me  pareci6  meJor  deduclr  un  valor  medio  Independlente 
de  la  ^poca,  como  lo  muestra  el  cuadro  siguiente. 

Coeflcienie  de  auniento  de  la  oacUacidn  harom4trica  diurna  entre  el  Ohaerva- 

torio  y  el  nivel  del  mar. 


LncBres. 


RioChioo 

Higoerote 

Curiepe 

Capaya 

Ban  Carlos 

Slnamaica 

Paraguaipoa 

Quijoro 

CastiUetes 

Maraoaibo 

LaCaflada 

LaCelba 

Boca  del  Rio  Esoalante. 

San  Fernando 

Ciudad  Bolivar 

LaGoaira 

Coro 

Puerto  CabeUo 

Tucacas 1 

Chichirlviche 

Comarebo 

Mangle  Lloroso 

Punta  Card6n 

Zaz£rida 

Puertos  de  Altagracia. . . 
Islas  Ave  de  Sotavento. . 

Oran  Roque 

Orehila 

Tortuga 

LaGoaira 

Guanta 

Barcelona 

Cumani 

Porlamar 

Jnan-griego 

BlanqulUa 

Testigo  Grande 

Cristdbal  CoWn 

CaftodeCmc 

Boca  del  Cafio  Macareo. . 

Tucupita 

Curiapo 

Punta  Barima 

Promedlos  pesadoa 


Fedhaa. 


24  dlebre~3  enoro.  1904-6.. 

6-15  enero  de  1905 

17-23  enerode  1905 

25-31  enero  de  1906 

5-20  mayo  de  1906 

23-30  mayo  de  1905 

1-12  juniode  1905 

15-23  Juniode  1905 

26  junio-8  Julio.  1905 

14-81  Julio,  1905 

&-18  agosto,  1906 

28  agosto-15  setiembre,  1905 

13-17  Oct,  1905 

5-24  mayo,  1906 

2-18  Julio,  1906 

13  novbre.-U  die.,  1906. 

18-31  die,  1906 

21JuUo-6agosto,1909... 

fr-18  agosto,  1909 

20-25  agosto,  1909 

27ag.-108et,1909 

14-17  set,  1909 

19-21  set,  1909 

23  set-lO  oct,  1909 

5  oct-1  nov.,  1909 

9-12  abrU,  1910 

14-24  abrfl,  1910 

26-28  abrU,  1910 

30  abril-3  mayo,  1910. . . 

6  mayo-34  mayo.  19iq. . 

27  inayo-4  Jun.,  1910. . . . 

7iun.-22Jun.,1910 

26jun.-16jul.,  1910 

20jul.-lagO8to,1910.... 

^agosto,  1910 

11-12  agosto,  1910 

1-4  set,  1910 

lOset-1  nov.,  1910 

29  set-10  oct,  1910 

25  Oct.,  1910 

6-9  oct,  1910 

13-14  oct,  1910 

16-18  oct,  1910 


Exoeso 

NAnmt) 

de  deter- 

mlna- 

donea. 

Osdla- 
dtfnen 
el  lugar. 

OacUa- 
cidn en  el 
Observa- 

tario. 

dela 
oacUa- 
cidn al 
nivel 
del  mar 
aobrela 
del  Ob- 
aervatorlo. 

Rdaddtt 
del  ex. 
oeaoa 
la  del 

Observe 
torio. 

2.9 

2.3 

+a6 

+a2e 

2.9 

2.2 

a7 

0.33 

3.2 

2.7 

as 

0.19 

3.3 

2.9 

0.4 

0.14 

2.9 

2.4 

0.6 

0.21 

2.8 

2.3 

0.5 

0.23 

2.6 

1.9 

0.7 

0.37 

2.5 

1.8 

0.7 

a39 

2.6 

2.1 

0.5 

0.24 

2.5 

1.9 

0.6 

0.33 

2.9 

2.3 

0.6 

0.26 

3.3 

2.3 

1.0 

0.43 

3.5 

2.7 

0.8 

0.30 

3.9 

2.3 

1.6 

0.70 

3.4 

3.0 

1.4 

0.70 

2.7 

2.3 

a4 

0.17 

2.6 

3.1 

+0.6 

+0.24 

L4 

2.0 

-0.6 

-0.30 

2.0 

2.0 

0.0 

0.00 

2.5 

2.3 

+0.2 

+0.09 

1.8 

2.6 

-0.8 

-0.31 

1.9 

3.6 

0.7 

0.27 

.2.4 

2.5 

0.1 

0.04 

2.3 

2.5 

-0.2 

-0.08 

3.8 

2.5 

+0.8 

+0.33 

2.5 

2.3 

0.3 

0.09 

2.0 

2.6 

0.1 

0.04 

2.4 

2.3 

0.1 

0.04 

2.4 

2.3 

0.1 

0.04 

2.3 

2.3 

0.0 

aoo 

2.1 

1.8 

0.3 

0.17 

L9 

L8 

0.1 

0.06 

2.3 

1.8 

0.6 

0.28 

2.0 

2.0 

0.0 

0.00 

2.1 

L9 

+0,3 

+0.11 

1.6 

1.8 

-0.3 

-0.11 

1.8 

2.2 

-0.4 

-0.18 

2.7 

3.5 

+0.2 

+0.08 

8.0 

3.6 

a4 

0.16 

8.5 

2.8 

0.7 

0.25 

2.9 

3.6 

0.4 

0.16 

8.6 

2.5 

+1.1 

+0.44 

2.6 

3.3 

-0.7 

-0.31 

424 

3.23 

0.40 

0.10 
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Se  v6  que  en  algunas  localidades  ha  llegade  a  ser  la  oscilaci6n  al  nlYe^  d€& 
mar  menor  que  en  el  Observatorio ;  pero  es  poelble  atrlbuir  ^sto  a  circanstaoclfl^ 
ocflsionales,  pues  en  general  se  maniflesta  bien  marcada  la  ley  enandada  y  m 
obtiene  como  valor  del  coetlclente  medio :  1,  19. 

Tambl^n  es  de  notarse  qne  de  ordinario  en  las  localidades  sltoadaB  a  orillv 
de  los  grandes  rfos,  del  golfo  y  del  lago  de  Maracaibo,  resoltan  mayorea  que  la 
media  las  oscilaciones  diumas  barom^trlcas.  Asf  se  ve  en:  Slnamalca,  Para- 
gualpoa,  Quijoro,  Maracalbo,  La  Cafiada,  La  Celba,  Boca  de  Escalente,  San  Fe*- 
nando,  Ciudad  Bolivar,  Puertos  de  Altagracia,  Boca  Macareo  y  Gurlapo,  pnes  no 
parece  atrlbulble  a  las  estaclones,  esta  clrconstanda  observada  a  lo  larso  dei 
perfodo  comprendldo  entre  la  prlmavera  y  el  otofio. 

El  valor  1,  19  del  coefldente  medio  que  acabamos  de  determlnar,  dob  serrlri 
para  formar  el  cuadro  de  reducclones  a  la  presi6n  media  anual,  de  una  obseam- 
ci6n  cualqulera  efectuada  al  nlvel  del  mar,  en  un  mes  y  en  un  Instante  coal- 
quiera.  Bastarfa  para  ello  moltipllcar  por  este  coefldente  los  val<»'es  aniUogos 
obtenidos  ya  para  el  Observatorio,  en  los  dlferentes  meses  y  en  IO0  cuatro 
momentos  de  observad^n  e  Interpolar  en  seguida  para  los  Instantes  intermedio^ 
Asf  se  ha  formado  el  cuadro  O  que  va  a  contlnuacl^n. 


IHferencia  con  la  media  anual  de  las  preaiones  leidas  al  nivel  del  mar  ef»  los 

doce  meses  del  aHo  y  en  diversos  instantes  del  dia. 
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6  p.  m 

1.14 

7  p.  m 

a84 

8p.  m 

Q.4S 

Op.  m 

+au 

Los  valores  del  cuadro  estAn  expresados  en  mllfmetros  de  presl6n  y  estlmadoe 
hasta  los  centMmos,  aunque  en  el  resultado  final  basta  emplear  solo  los 
d^mos. 

A  su  vez  este  cuadro  G  me  ha  servldo  para  la  formacl6n  del  slguiente,  de- 
signado  por  D  y  cuyos  tltulos  de  columna  se  comprenden  bien  a  la  simple  lectura. 
Bl  denominado  "  Reducci6n  a  la  presl6n  media  '*  contiene  los  valores  tomados 
del  cuadro  O.  para  hacer  la  operaci6n  que  este  titulo  indica,  y  el  deslgnado 
"  va  lores  reducidos,"  la  suma  algebraica  de  los  tres  que  le  preceden. 

Se  han  suprlmido  tambito  aguf  las  decenas  y  centenas  de  los  mllfmetros  de 
presi6n  y  cuando  las  presiones  resultantes  son  inferlores  a  760  m.m.,  se  ha  Ins- 
ert to  la  diferencia  con  este  valor,  aplicdndole  el  slgno  meoos.  Ademfts,  se  ha 
designado  las  fechas  en  una  forma  especial  abreviada,  cuya  inteligenda  seri 
facilitada  por  estos  dos  ejemplos:  el  intervalo  correspondiente  a  la  prlmera 
localidad  "Rio  Chico"  es  en  t^rmlnos  corrlentes  entre  el  de  dldembre  de 
1904  y  el  4  de  enero  de  1905;  el  que  se  refiere  al  segundo  valor  "  Higuerote,'*  ee 
entre  el  6  y  el  15  de  enero  de  1905. 


ASTRONOMY,  METEOBOLOOY,  AND  SEISMOLOGY. 


721 


Pretidn  barotn4trica  media  anual  deducida  de  ohiervaciones  €U  nivel  del  mar 
en  diversos  lugares  de  Venezuela. 


Lugares  de  observa- 
d6D. 


Fechas. 


NAmero 

de  las 

determl< 


Bar^ 

metro 

coiTeg.de 

detMop. 


Aumento 
poraltura 
deltogar. 


Reduo- 
oi^Snala 
presidn 
media. 


Valores 
reducidos. 


Valores 
pesadofl. 


RfoChioo 

Hlgaerote 

Curiepe 

San  Carlos 

Castilletes 

Maracaibo 

LaCeiba 

Boca  del  Escalante . 

LaOualra 

LaOuaira 

Maracaibo 

Ifi^agual 

Playitas 

I^agunetas 

Enoon  trades 

Pampatar 


Pampatar...^. 

Porlamar 

Porlamar 

Jnangriego 

Juangriego 


Puerto  Cabello 

Tuoaoas 

Chiohiriviche 

Cumarebo 

Mangle  Lloroso 

PuntaCarddn 

Zaz4rida 

Puertos  de  Altagja- 

oia. 
Isla  Ave  de  Sota- 

vento. 

OranRoque 

Orchila , 

Tortuga 

La  Qualra , 

Quanta 

Barcelona 

CumanA 

Porlamar 


Blanquil 

Testigo  Grande.... 

Cristobal  Coldn 

CafiodeCruz 

Boca  del  Cafio  Ma- 
oareo. 

Tucupita , 

Guriapo , 

PuntaBarima 


23  die.  4  en.  1904^ 

6-15  en.  1905 , 

17-23  en.  1905 

5-13  mayo  1905... 

26  Junio-«  Julio  1906. 

14-31  Jul.  1905 

28ag.-15set.1905.... 

12-17oct.  1905 

28mars.-29abrill906 
13  nov.-U  die.  1906. . 

11-17  nov.  1908 

18-19  nov.  1908 

21-22  nov.  1908 

23  nov.  1908 

27  nov.-16  die.  1908. 
»-10  (10  am.)  feb. 

1909  '* 

8-10  (4  p.  m.)  feb. 

1909. 
12-14  (10  a.  m.)  feb. 

1909 
11-14  (4  p.  m.)  feb. 

1909 
22-23  (10  a.  m.)  feb. 

1909. 
21-22  (4  p.  m.)  feb. 

1909 

21Jul.^ag.l009 

8-18  ag.  1909 

20-25  ag.  1900 

27ag.-10set.  1909.... 

14-17  set.  1909 

19-21  set.  1909 

23set.-l"oct.l909... 
5oct-l*nov.  1909... 

»-12abrill910 


14-24  abrU  1910 

26-28  abrU  1910 

30ab.-3inay.1910.. 

e-24  may.  1910 

27  may  .-4  lun.  1910. 

7-22  Jun.  1910 

26Jun.-15Jul.1910.. 
20jul.-rag.1910... 

3-8  ag.  1910. 

11-12  ag.  1910 

1-4  set.  1910 

10  set.-l^  nov.  1910. 
29set.-l*  Oct.  1910.. 
25octl910 


6-0  Oct.  1910..., 
13-14  oct.  1910.. 
16-18  Oct.  1910. 


+1.4 
2.6 
0.9 

+0.3 

-0.4 
1.3 

-0.6 
1.6 

ao 

-0.7 
+0.3 
+0.9 
-1.5 
-1.3 
+0.2 
2.3 

0.8 

4.0 

1.7 

3.6 

1.6 

3.0 
1.2 
a4 

-0.8 
0.7 
0.7 
2.1 

-1.3 

+1.2 

1.0 

1.7 

1.0 

0.9 

1.2 

1.3 

1.3 

1.8 

+1.7 

-0.1 

+0.6 

+0.9 

-a  2 

+0.9 

-0.3 
+1.8 
-0.3 


0.6 
0.1 
1.8 
0.3 
0.7 
0.6 
0.3 
0.1 
0.6 
0.5 
0.9 
0.1 
0.2 
0.1 
1.0 
0.9 

a9 

0.3 

0.3 

0.2 

a2 

0.2 
0.1 
0.1 
0.9 
0.3 
0.1 
3.1 
0.4 

a2 

0.3 
0.3 
0.3 
0.7 
0.3 
0.1 
0.1 
0.3 

a3 

1.6 
0.6 
0.3 

ai 

0.3 

0.1 
0.3 
0.1 


+0.8 

-0.2 

-0.3 

+0.6 

-0.7 

-1.0 

+0.2 

1.0 

0.6 

1.1 

1.3 

1.3 

1.3 

1.3 

+0.8 

-2.0 

+0.8 

-2.0 

+0.8 

-2.0 

+0.8 

-0.8 
0.6 

-0.6 
0.0 

+0.3 
0.3 
0.3 
1.0 

0.6 

0.6 
0.6 

a6 

0.4 

+0.5 

-0.3 

0.8 

0.9 

0.6 

-0.6 

+0.8 

0.3 

0.6 

1.0 

1.0 

1.0 

+1.0 


+3.2 
3.6 
3.5 

+1.1 

-a  4 

1.7 

0.1 
-0.5 
+1.1 

ao 

2.6 
2.3 
0.0 
0.1 
2.0 
1.3 

2.6 

2.3 

2.8 

1.7 

2.6 

1.4 

0.8 

0.0 

+0.1 

-0.1 

-0.3 

+1.3 

0.1 

2.0 

1.9 

3.6  i 

1.7 

2.0 

1.9 

1.1 

0.0 

1.2 

1.6 

0.9 

1.6 

1.4 

a6 

2.3 

a8 

3.0 

+a8 


Promedlo  Pesado. 


+63.8 

6ao 

35.0 
+19.8 
-10.4 

61.3 

8.8 

-  6.0 

+23.0 

28.8 

sao 

9.3 
0.0 

a3 

68.0 
3.6 

7.6 

4.6 

8.4 


6.0 

44.8 
17.6 

ao 

+  3.0 

-  a8 

-  1.8 
+2a8 

4.6 

16.0 

38.0 
15.6 
13.6 

sao 

34.3 
33.0 
23.8 
31.3 
16.0 
3.6 
12.0 
66.0 
2.0 
4.4 

a4 

12.0 
+  4.8 


760.96 


El  promedio  final  para  el  valor  de  la  presl6n  media  anual  al  nivel  del  mar 
68  760,96  m.  m.,  que  puede  blen  redondearse  entre  761  m.m.  y  que  creo  no  deba 
estar  afectado  de  un  error  superior  a  0,1  m.m.,  pues  la  comparaci6n  entre  si 
de  los  bar6metros  Secretan,  que  se  emplearon,  nunca  arroj6  un  error  que 
alcanzase  a  0,2  m.m.  y  se  tom6  como  valor  correcto  el  promedio  de  varios. 

Es  de  advertir  que  si  me  hubiera  limitado  slmplemente  a  promedlar  las  pre- 
siones  que  constan  en  el  cuadro  B,  had^ndoles  tan  solo  la  correcci6n  por  ter- 
m6metro  adherido,  capilaridad,  y  altura  de  la  e8taci6n,  el  resultado  hubiera 
sido  761,02  m.m.,  es  decir  sensiblemente  el  mismo  que  hemos  obtenido  haciendo 
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entrar  como  elemento  de  8oluci6n,  las  determlnaclones  del  Observatorio  entre 
los  afios  1902  or  1908. 

No  obstante  esta  coiiclust6n,  no  me  parece  mfil  empleado  el  tiempo  que  eae 
rodeo  me  ha  obligado  a  InTertir,  pues  aparte  del  fundamento  m6s  s61ido  d^ 
resultado,  por  las  razones  ya  apuntadas  y  de  haber  ntlllzado  el  cuadro  G  para 
la  correcci6n  de  los  valores  dados  por  una  tabla  altlm^trlca  local  que  formd,  lie 
tenido  ocasi^n  tambl^n  de  sefialar  el  hecho,  que  no  me  parece  casual,  <lel 
aumento  de  la  oscllaci6n  dlurna  a  oriUas  de  grandes  masas  de  agua  en  eA  In- 
terior del  pals,  asf  como  el  que  se  origina  de  la  mayor  altitud. 

Respecto  a  este  dltimo  punto  son  tambi^n  instructivas  las  observadones  po- 
blicadas  en  la  memoria  del  '*  Piano  Mllitar,*'  referentes  a  lugares  de  altitudes 
superiores  a  1000  m.  El  cuadro  E  que  va  a  continuacl6n  se  refiere  a  lugarea 
situados  a  alturas  alrededor  de  2000  m.  y  adn  mayores. 


Lugares. 

Feohas. 

NAmeio 

de 
determi- 
naotones. 

Altitud 

del 

higar. 

Oael- 
laoidnen 
el  lugar. 

OacOa- 
ddnen 
elObeer- 
▼atorio. 

1 

Ex0e9O<to 
laoscito- 
cidDdel 
Oboerva- 
torioalft 
dellusBr. 

TimoUs 

&-16  mayo  1907 

11 
11 
20 
12 

2.000 
2.960 
1.600 
1.416 

1.6 
1.8 
1.9 
1.6 

2.2 
2.4 
2.1 
1.8 

ae 

Ifncuohles 

20-31  mayo  iWT 

aft 

5^7.7...;::;:::::::: 

3-23  Junto  1907 

ai 

LaOrita 

11-24  JuUo  1907 

0.3 

Promedio  pctado 

aae 

Se  ve  aqui,  en  efecto,  que  para  la  altura  media  de  las  cuatro  localidades,  que 
puede  suponerse  de  2,000  m.,  la  oscilacion  diuma  es  inferior  a  la  del  Observa- 
torio en  cerca  de  0.4  m.  m.,  lo  que  prueba  el  princlplo  citado.  Tambi^n  si  se 
hiciera  uso  separadamente  de  las  otras  dos  observaciones  a  grandes  alturas 
que  contienen  las  citadas  memorias,  quedarfa  corroborado.     H^las  aqui: 


Lugares. 

Alt.  del 
lugar. 

Feohas. 

N-de 

obser. 

▼aoiones. 

OacUa- 
oidnen 
elhigar. 

Valor 
pesado 
^eU 
oseila. 

ddo. 

earache 

1215  m.. 
1250m.. 

8-17  abrU  1907... 
13-18  agoato 

10 
0 

2.1 
1.0 

2L0 

9.6 

Pnmiedlo  pcaado 

1.9 

1 

Oomo  se  ve  la  oscilaci6n  es  menor  que  la  2.2  que  hemos  obtenido  para  el  Ob- 
servatorio. Ademds,  si  comparamos  la  oscilacion  al  nivel  del  mar  con  la  que 
tiene  efecto  en  aquel  Instituto,  a  1,042  m.  de  altitud  y  con  la  del  cuadro  E  para 
2,000  m.,  se  verd  que  la  dlsminuci6n  de  la  oscilaci6n  es  proporcional,  mds  o 
menos,  al  aumento  de  la  altitud ;  sin  embargo,  el  pequefio  ntimero  de  observa- 
ciones efectuadas  en  lugares  elevados,  no  me  parece  que  autoriza  suflciente- 
mente  para  esta  tlltima  conclusion,  que  por  otra  parte,  las  observaciones  de 
Carache  e  Independencla  no  corroboran,  si  bien  es  verdad  que  ^stas  son  por  todo 
diez  y  seis  y  estdn  lejos,  por  lo  tanto,  de  suministrar  un  criterio  decisivo. 

Antes  de  terminar,  no  quiero  dejar  de  mencionar  la  colaboraci6n  eflcas  que 
me  ha  prestado  el  adjunto  a  este  establecimiento,  Dr.  Federico  Leg6rburu,  en 
la  formaci6n  de  los  promedios  para  el  dibujo  de  las  curvas,  en  el  dibujo  misnvi 
de  ^llas  y  en  la  copia  mecanogr&flca  de  esta  memoria. 
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ORGANIZACI6N   GENERAL  DE   LOS   SERVICIOS   DEL   INSTITUTO 
METE0R0L6GIC0  NACIONAL. 

Por  HAMLET  BAZZANO, 
Director  del  Instituto  Meteoroldgico  Nacional  del  Uruguay. 

SECCldN  METEOBOL6GICA. 

El  Observatorlo  CJentral  cuenta  con  aparatos  reglstradores  modernos  para 
el  estudio  de  la  eleotricidad  atmosf^rlca,  de  la  nebulosldad,  otros  destinados  a 
registrar  el  pasaje  de  corrientes  teltlricas  j  grandes  modelos  de  term6grafos, 
bar6grafos  y  dem6s  instrumentos  reglstradores.  Se  tiene  en  continuo  funciona- 
miento  la  serle  mds  perfecta  de  aparatos  para  registrar  la  dlrecci6n  y  velocl- 
dad  del  yiento.  El  desarrollo  de  este  elemento  meteoroldgico  ha  tenido  que 
estudiarse  con  la  mayor  precision  dada  su  influencia  preponderante  sobre  el 
regimen  del  estuarlo. 

Las  estaciones  de  servicio  internaclonal  establecidas  en  campaQa  ban  sldo 
dotadas  de  aparatos  reglstradores  lo  que  permite  seguir  con  relativa  exactitud 
el  curso  de  los  fen6meno8  que  se  producen  y  establecer  combinaciones  de 
distinto  orden  para  cada  elemento. 

El  estudio  de  las  perturbaciones  atmosf^ricas,  analizando  influencias  lejanas, 
anomaUas  en  la  marcha  de  las  ciu-vas  de  los  reglstradores,  eliminando,  en  una 
palabra,  la  tendenda  general  a  trabajar  dnica  y  exclusivamente  con  valores 
medlos  ha  sldo  Impuesto  en  el  pais  por  una  propaganda  continua  de  este 
Instituto. 

De  acuerdo  con  los  resultados  finales  de  las  observaciones  sobre  distribucl<5n 
de  presiones  temperaturas  etc.,  en  la  parte  austral  del  Continente,  asf  como  los 
datos  suministrados  por  los  observatorlos  distrlbuidos  al  Sur  de  America, 
desde  el  paralelo  23  grados  hasta  Punta  Arenas,  se  han  podido  proporcionar 
datos  concretos  sobre  el  regimen  del  Rio  de  la  Plata,  trayectoria  de  temporales, 
anomaUas  en  los  movimientos  de  rotaci6n  de  los  vientos  en  esta  Zona  de 
Am<5rica  y  otros  de  capital  inters  para  la  navegaci6n. 

Se  han  determinado,  de  acuerdo  con  los  datos  del  servicio  internaclonal,  los 
cuatro  tipos  IsobArlcos  para  los  temporales  del  Norte,  Sur,  Este  y  Oeste. 

Se  ha  podido  fijar  para  cada  estaci6n  del  afio  el  aumento  progreslvo  de 
presi6n  atmosf^rica  correspondiente  a  cada  zona  de  la  Reptiblica. 

Nuestro  terrltorlo,  a  pesar  de  su  poca  extension,  presenta,  por  su  posicidn 
geogrdffca  anomaUas  sumamente  curiosas  desde  el  punto  de  vista  meteoro- 
ldgico. Siguiendo  el  proceso  dlario  de  los  diferentes  estados  atmosf^ricos,  se 
destaca  desde  luego  la  forma  irregular  en  que  se  presentan  algunos  factores. 
Las  partes  Sur  y  E^te  por  su  situaci6n  marftima  dlfieren  fundamentalmente  con 
la  parte  central  y  Norte,  a  pesar  de  existir  solo  una  diferencia  de  dos  grados 
de  longltud. 

Las  temperaturas  mdximas  extremas  las  tenemos  registradas  en  la  parte  cen- 
tral con  sus  oscilaciones  mayores  y  la  menor  cantidad  de  vapor  de  agua  at- 
mosf^rica. 

Las  temperaturas  m6s  bajas  en  las  partes  Sur  y  Este  con  la  mayor  humedad. 
Las  presiones  atmosf^rlcas  mayores  al  Norte  y  Noreste  de  la  Reptiblica. 

Los  vientos  que  dominan  del  Atl&ntico  sobre  nuestra  costa  se  derivan  de  un 
regimen  anti-clcWnico  que  hemos  podido  fiJar  con  relativa  exactitud.  Los  tra- 
bajos  emprendidos  en  este  sentido  hasta  hace  pocos  afios,  habian  dado  re- 
sultados negativos.  La  escasa  longltud  del  Contlnente  en  su  parte  austral, 
implde  seguir  en  su  desarrollo  la  distribucl6n  de  las  presiones  y  temperaturas. 
Los  datos  que  pueden  registrarse  quedan  limitados  en  la  parte  Este  a  la  es- 
68436— VOL  n— 17 46 
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trecha  faja  de  costa  a  lo  largo  del  Atl&ntico  Sur  y  al  Oeste  en  la  Cordillera  de 
los  Andes.  Esta  sitnacidn  notorlamente  desfavorable  para  seguir  en  su  corso 
la  trayectoria  de  los  centres  de  altas  y  bajas  presiones  inutilizaban  los  es- 
faerzos  de  los  que  con  datos  locales  pretendfan  sacar  deducdones  sobre  el  regi- 
men d^  las  perturbaciones  atmosf^ricas  que  se  producen  en  esta  zona  de 
Am^ica. 

En  la  absolnta  necesldad  de  buscar  otros  medios  de  lnvestigaci6n,  desde  el 
momento  que  nuestaa  posicl6n  geogrdfica  no  es  propicia  para  la  adc^K:16n  de 
los  sistemas  generales,  se  implants  el  m^todo  de  Quilbert  con  las  ampliadoiifis 
de  Brhunes.  Se  iniciarou  los  estudios  en  1910  y  ^tos  se  contintlan  con  toda 
regularldad. 

La  determinaci^n  de  los  yientos  anorroales  por  exeso  o  por  defecto  se  prac- 
tican  con  los  datos  tel^^&ficos  del  servicio  diario  internadonal.  La  sucesldn 
de  nebulosldad  se  anota  de  acuerdo  con  instrucciones  especiales  y  la  fotograffa 
sirve  de  gran  auxiliar  para  mantener  reglstrados  los  aspectos  m6s  caracte- 
rlsticos  del  cielo.  En  la  carpeta  respectiva  se  encuentran  algunos  aspectOB 
tfpicos  de  cielos. 

La  determinaci^n  diaria  de  la  salsedumbre  de  las  aguas  complementa  el  con- 
Junto  de  observaciones  que  se  practican. 

Dada  la  gran  superficie  del  Rfo  de  la  Plata  y  su  escasa  profundidad,  sus 
aguas  obedecen  necesariamente  a  las  influencias  de  direcci6n  e  intensldad  de 
los  yientos  que  dominan  en  la  zona  que  abarca  y  los  estados  de  salsedumbres, 
temperaturas,  etc,  indican  la  forma  en  que  actiian  estos  elementos  meteo- 
rol6gico8. 

El  conjunto  de  datos  obtenidos  reladonados  con  los  demds  factores  meteo- 
rol6gicos  ha  yenido  a  seryir  para  determinar  la  propagaddn  en  distintas  condi- 
ciones,  de  la  onda  de  marea  que  vlene  del  Oc^no  Atldntico. 

Otro  trabajo  que  hemos  emprendido  desde  hace  afios  es  el  de  fijar  la  relaci6n 
entre  los  delitos  contra  las  personas  y  el  estado  atmosf^ico.  Se  ban  obtenido 
de  los  registro3  de  la  Jefatura  las  entradas  de  delincuentes  comprendldoe  &i 
esta  clase  de  delitos.  (Donstrufdos  los  diagramas,  se  nota  un  paralelismo  entre 
los  yalores  correspondlentes  al  aumento  de  temperatura  y  humedad  y  la  de- 
lincuencia  en  la  ciudad.  Las  conclusiones  generales  d^>enderdn  de  su  con- 
tinuad6n  durante  dnco  o  s^is  afios  m&s. 

SERVICIO  INTEBNACIONAX. 

El  Observatorio  Central  del  Instltuto  se  encuentra  instalado  en  el  Puerto  de 
Montevideo.  Las  fotograflas  que  van  adjuntas  dan  una  idea  de  algunos  de  sus 
mds  importantes  conjuntos  de  aparatos. 

Las  observaciones  de  todo  el  servicio  para  la  confecci^n  de  la  Carta  del 
Tiempo  se  practican  en  las  repdblicas  Argentina,  Brasil  y  Uruguay  a  ocho 
horas  y  velntiuna  h,  del  meridiano  de  C<5rdoba. 

La  dave  para  la  transinlsl6n  de  los  datos  telegrdficos  es  comiin  para  los  tres 
pafses.  A  horas  quince  la  Carta  del  Tiempo  se  encuentra  pronta  con  todos  los 
datos  de  la  parte  austral  del  Continente  Americano  comprendiendo  la  costa  del 
Atldntico  Sur  y  puede  ser  distribufda. 

8ECCI6N   HOBA  OFICIAL. 

Cuenta  el  Observatorio  con  dos  anteojos  de  pasajes  meridianos  para  la  de- 
tenninaci6n  de  la  hora  y  un  teodollto  gran  modelo  Kern. 

Los  anteojos  estdn  colocados  en  pllares  de  mamposterfa,  con  sus  collmadores 
correspondlentes.    La  hora  se  determlna  por  pasajes  de  estrellas  por  el  m«rl- 
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diaQO,  utilizando  para  la  aDotacl6n  de  los  contactos  un  cron6grafo  de  clnta  de 
Salmolraghi,  puesto  en  comunicaci6n  con  un  p4ndulo  el^trico  sistema  Hipp. 

Los  contactos  del  astro  con  los  hilos  del  retfculo  los  fija  el  mlsmo  observador 
en  la  clnta  por  medio  de  un  Interruptor  el^ctrico,  sin  perjulclo  de  que  el  pasaje 
en  el  hllo  central  lo  tome  un  ayudante  en  un  cron6graf o  "  Rattrapant  *'  por  si 
llegara  a  fallar  la  aguja  inscriptora  del  reglstrador,  u  otra  drcunstanda  cual- 
quiera  que  vendria  a  anular  la  observaci6n. 

La  hora  se  conserva  en  dnco  p^ndulos  reguladores:  dos  a  pesas,  de  la  Oasa 
Becker,  y  tres  el^ctrlcos  sistema  Hipp,  de  la  casa  Peyer  y  Favarget  de  Suiza. 
Ademils  se  cuenta  con  cinco  cron6metros  de  marina  y  cuatro  cron6metros  para 
verificar  las  comparaclones. 

La  transmlsl6n  de  la  hora  a  los  navegantes  se  hace  por  medio  de  crono-globo 
con  disparo  el^trico  de  acuerdo  con  las  instrucciones  especiales  impartidas  al 
efecto.  Se  ban  instalado  dos  sirenas  que  fundonan  con  corrlente  el6ctrica 
trtfdsica,  dando  dos  mil  novecientas  revoluclones  por  minuto.  Esta  sefial  ordi- 
naria  se  da  tres  veces  al  dfa,  a  las  slete,  doce  y  diez  y  slete  boras.  Adem&s  se 
ban  distribuldo  relojes  el^trlcos  en  la  Direcci6n  (Jeneral  de  Correos  y  Tel6- 
grafos  Nacionales  y  en  otros  puntos  de  la  Ciudad. 

Los  buques  de  la  marina  dfe  guerra  y  mercantes  extranjeros  dejan  en  esta 
Secci6n  sus  cron6metros  con  el  objeto  de  que  se  les  veriflque  su  marcha  con 
exactitud.  Despu^  de  hechas  las  observadones  correspondientes  se  les  explde 
un  certificado  cuyo  modelo  va  adjunto. 

Ademds  la  Secd6n  de  la  Hora  regula  diarlamente  un  promedio  de  veinte 
cron6metros  correspondientes  a  buques  de  guerra  y  mercantes.  El  personal  de 
la  Seccl6n  atlende  doscientos  relojes  distribufdos  en  diversas  repartlciones 
ptlbllcas.  Las  composturas  de  todo  ese  material,  tanto  del  de  predsi6n  como 
del  ordlnarlo  se  reallzan  en  los  talleres  del  Instituto. 

CJon  fecba  17  de  Marzo  de  1914  se  ha  modiflcado  la  notacl6n  horarla  esta- 
bled^ndola  de  0  h.  a  24  h. 
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Longitnd  W.  del  meridlano  de  Greenwlch-^SO**  12'  45".] 

AVISO    A    LOS    NAVEGANTES. 


Sefial  horaria. — Desde  el  1*  de  DIclembre  de  1913,  se  reanudard  el  servicio  de 
la  sefial  horaria. 

La  que  funcionaba  en  este  Observatorio  ha  sufrido  modiflcaciones  Inipuestas 
por  las  obras  ejecuta<las  en  la  parte  alta  del  edlficio. 
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Kl  croDO-glubo  actual  consta  de  nn  armaz<5n  de  hierro  de  slete  uietros  de 
altura  con  perilla  dorada  y  dos  rayos  plateados. 

El  globo  es  de  dos  metros  de  diftmetro  de  color  rojo  con  faja  amarilla. 

A  medio  dfa,  tiempo  medio  de  Montevideo  que  corresponde  a  3  horas  44 
minutos  51  segundos  tiempo  medio  de  Greenwich,  un  contacto  el^tricx>  estable- 
cido  en  uno  de  los  p^ndulos  hard  cerrar  el  glolK). 

Diez  minutos  antes  del  mediodfa  medio  serA  izada  en  el  Semdforo  del  lost!- 
tuto  una  bandera  blanca  y  roja,  la  letra  H  del  C6dlgo  Internacional  de  Seiiales 
y  cinco  minutos  antes  del  mediodfa  se  izard  el  glolK). 

Cuando  por  una  interrupci6n  de  la  corrlente  el^ctrica  o  cualquier  otra  cir- 
cunstancia  la  sefial  estuviera  mal  dada,  la  letra  H  permanecerd  en  el  Sem&foro 
y  a  la  1  hora  se  repetlrA  el  cierre  del  globo. 

En  caso  de  estar  la  sefial  bien  dada  se  arrlard  la  bandora  del  SeinAforo. 

OaBLOS   de  Ol^EAf 

Secretario  del  Instituto. 
SEBVicio  semaf6bico. 

El  2  (le  Julio  de  1913  el  Poder  Ejecutlvo  sanclon6  la  Ley  por  la  que  se  na- 
cionaliza  el  Servicio  Semafdrlco  anexdndolo  al  Instituto  Meteorol6gico  Naclonal. 

A  las  Estaciones  Semaf6ricas  les  han  sldo  incorporadas  meteorol6gicas  de  l" 
orden.  Los  vigas  llevan  registros  esx)eclales  relativos  al  estado  del  mar  y  del 
clelo  para  facilitar  los  estudios  de  conjunto  que  se  practlcan.  El  produeto  de 
este  servicio  se  destina  a  mejorarolento  del  Instituto.  En  la  parte  referente  a 
las  sefLales  que  se  trasmltan  o  se  reciban  la  ley  establece  las  mismas  obUga> 
clones  y  penas  que  las  legisladas  en  el  C6digo  Internacional. 

lias  estaciones  se  comunican  tres  veces  por  dia  con  el  Observatorio  Central. 

Circular — Repnhlica  Oriental  del  Uruguay — Instituto  Meteoroldgico  NaciontU. 

r  Servicio  de  la  costa — Secciftn  Semiforo.] 

AVISO  A  LOS  NAVEGAI9TE8. 

De  acuerdo  con  la  Ley  sancionada  el  22  de  Julio  de  1913  y  su  regl amenta- 
ci6n  por  el  P.  E.  de  fecha  19  de  Agosto  del  mismo  afio  se  previene  que  desde 
el  4  de  Diciembre  del  corrlente,  se  hardn  por  medio  del  Sem&foro  Instalado  en 
este  Instituto  las  siguientes  comunicaciones  para  el  servicio  del  Puerto  de 
Montevideo. 

Gallardete  del  C6digo  Internacional  inferior  a  una  bandera : 

P — Entrada  al  Puerto  libre. 

S— Sallda  del  Puerto  llbre. 

R — ^No  hay  entrada  al  Puerto. 

Z — El  buque  a  la  vista,  aguftntese  sin  perder  de  vista  el  Sem&foro. 

Oportunamente  se  comunicaran  las  sefiales  que  deberAn  regir  durante  la 
noche. 

Carlos  de  Olea, 
Secretario  del  Instituto. 

The  Chairman.  A  paper  by  Senor  Don  Luis  Landa,  on  the 
"Present  condition  of  meteorology  and  seismology  in  Honduras,'' 
is  the  next  on  the  program.  We  will  be  glad  to  hear  Senor  Landa's 
paper. 
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ESTADO  ACTUAL  DE  LA  METEOROLOGfA  Y  SISMOLOGfA  EN 

HONDURAS. 

Por  LUIS  LANDA, 
Director  de  Instriiccidn  Primaria  en  Honduras, 

CONDICIONES   ACTUATES. 

Esta  porci6n  del  glolK)  comprendida,  segi!ln  el  mapa,  entre  los  paralelos  13* 
y  16**  10'  al  norte  del  Ecuador  y  entre  los  meridlanos  83**  y  SO**  3'  longltud 
occidental  de  Greenwich,  presenta  fen6meno8  caracterfstlcos,  uo  obstante  la 
corta  extension  del  pafs.  Las  grandes  elevaciones  colnciden  con  la  parte 
media  del  territorio  y  los  sltlos  niAs  bajos  se  presenta n  por  el  Norte  en  la 
costa  del  Atldntico  y  por  el  Sur  en  la  costa  del  Pacffico. 

Son  meteoros  comunes  de  Honduras:  lluvia,  escarcha,  niebia,  granlzo,  rocfo, 
arco-irls,  rayo,  vientos,  estrellas  fugaces,  etc. 

a)  La  lluvia  es  el  mAs  generalizado  de  los  fenomenos  meteoroldglcos,  hay 
un  perfodo  de  abundancia  que  se  designa  equivocadamente  por  Invierno,  pero 
casl  no  transcurren  dos  meses  seguidos  sin  que  sobrevengan  lluvlas  y  hay 
lugares  que  tlenen  llovlznas  por  todo  el  aflo.  La  actividad  agrfcola  coincide 
con  la  verdadera  estaci6n  lluviosa  que  se  inicia  en  la  primera  quincena  de 
Mayo,  decrece  en  Agosto  y  a  veces  llega  a  ser  torrenciiil  y  desbordante  en 
Octubre. 

Casl  hay  certeza  de  las  copiosas  aguas  de  Octubre,  pues  son  raemorables  los 
ejemplos  en  las  ciudades  del  interior.  Tegucigalpa  y  Comayagtiela,  que  hacen 
Juntas  la  capital  de  Honduras,  sobre  las  mdrgenes  del  Choluteca,  quedaron 
incomunicadas  el  doce  de  Octubre  de  1906  a  causa  de  la  destrucclou  del  puente 
que  por  ochenta  y  cuatro  afios  las  mantuvo  unidas.  Las  lluvlas  de  esa  <^poca 
en  tres  dfas  de  deshecha  tormenta,  fuera  de  los  aguaceros  perl6dicos,  llevaron 
la  rulna  a  todas  las  estancias  rlberefias  de  poblaclones  y  cultivos. 

Desde  la  reconstrucci6n  del  puente  se  flj6  en  el  cauce  del  rfo  un  tajamar  con 
escala,  para  valorar  las  crecientes,  y  del  caudal  comAn  de  25  cm.  han  Ilegado 
a  5  m.  las  avenidas  de  Octubre. 

Las  lluvlas  de  la  costa  Norte  no  colnciden  con  las  del  interior,  pues  desde 
Novlembre  a  Enero  es  chubasco  desesperante  que  obliga  a  los  de  ocupaciones 
agrfcolas  a  buscar  el  Interior,  para  evltar  la  cesantfa  obligada  y  no  consumir 
en  el  ocio  el  ahorro  de  los  buenos  tiempos.  Desconozco,  en  esta  regl6n,  ei  agua 
que  cae  por  centfmetro  cuadrado. 

b)  Vlento  y  escarcha.  Con  las  lluvlas  del  Norte  hay  vientos  peri6dicos  en 
todo  el  pafs.  de  Norte  a  Sur,  el  term6nietro  desclende  desde  15  a  10  y  hasta 
8  grados  sobre  cero  y  casl  se  luipone  la  necesldad  de  abrigo. 

1^8  aguas  torrendales  o  dlsnilnuidas  que  se  manifestan  de  Novlembre  a 
Enero,  y  la  baja  temperatura  que  se  siente  entonces,  forman  la  certidumbre  de 
una  estacl6n  de  invierno,  que  desde  Norte  America,  prolonga  sus  rigores  hasta 
suavizarse  mucho  en  la  region  de  los  tr6plcos.  Hay  otras  manlfestaclones  de 
invierno  en  los  meses  de  Noviembre  a  Enero ;  la  humedad  que  satura  la  atm6s- 
fera,  c*on  la  temperatura  baja,  produce  escarcha  en  los  lugares  mds  altos  y 
ventilados  de  Ocddente,  como  en  La  Esperauza.  dismlnuye  la  intensidad  de  la 
luz  solar  y  es  menos  la  duraci6n  de  los  dfas. 

c)  Granlzo.  La  lluvia  es  el  mds  frecuente  de  los  meteoros  acuosos,  pero 
pocos  afios  pasan  sin  granizadas,  que  no  se  generalizan  nl  son  perl6dicas  en 
cad  a  regl6n,  aunque  suelen  presentarse  con  las  prlmeras  tormentas. 

d)  Rayo.  Con  motivo  de  las  lluvlas  es  muy  generalizada  la  tension  el^trica 
de  la  atm6sfera,  hay  verdaderas  tempestades  de  rayos  que  aterran  al  canilnante, 
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cuando  lo  sorprenden  en  campos  de  pluares.  El  plno  es  la  vegetaci6n  comiin  de 
las  sierras  y  llanuras,  la  planta  que  mfis  se  eleva  entre  las  que  crecen  en  el 
mlsmo  sltlo,  y  la  que  mejor  se  presta  a  recombinar  las  electricidades  por  tener 
las  puntas  muy  pr6ximas  a  las  nubes. 

Asombran  los  efectos  de  electricidad  en  una  regi6n  de  plnares,  hay  sitios  que 
despu^  de  una  tempestad  presentan  a  la  vista,  en  un  corto  radio,  hasta  dnoo 
descargas,  en  ^rboles  hendidos  o  surcados  en  la  direcci6n  de  sus  fibras. 

e)  El  rocfo  es  muy  comiSn  de  Noviembre  a  Enero  sin  ser  exclusive  de  estos 
ineses ;  pero  los  vieutos  que  se  desatan  entonces  cargados  de  humedad,  empuj&ii 
las  grandes  nubes,  despejan  el  espacio,  la  tierra  Irradla  sin  obstilculo  el  calor 
recibido,  y  en  la  superlicie  de  el  la  se  condensan  abundantes  gotas  que  por  el 
enfriamlento  llegan  a  helar  los  cultivos  tiernos  y  delicados. 

f)  El  arcoirls  presenta  con  frecuencia  en  esta  regi6n  de  los  tr6picos,  un  es- 
pectdculo  hermoso  y  Uamativo.  Hay  Uuvias  que  se  descargan  en  pleno  sol  y 
sin  preludlos  de  borrasca,  y  cuando  las  radiaciones  llegan  hasta  ellas,  proyectan 
en  el  espacio  una  gran  portada  de  los  arcos  conc^ntricos  del  espectro. 

g)  Casl  puede  considerarse  la  niebla  compafiera  de  la  lluvia.  Sobre  los 
campos  que  ha  empapado  la  lluvia  es  ccmiin  la  niebla,  mientras  el  sol  no  dl- 
funde  los  vapores  y  despeja  el  horizonte.  La  niebla  semeja  en  los  valles  una 
lumensa  s&baua,  parece  una  larga  cinta  en  el  cauce  de  los  rfos,  en  ciertas 
mafianas  brumosas ;  y  es  una  venda  constante  sobre  algunas  montaflas  que  solo 
se  despejan  eii  grandes  dfas  de  sol. 

FBN6liEN0S   SISM0L6GIC0S. 

Los  acontecimientos  sfsmicos  son  de  manifestaciones  d^biles  y  casi  no  ban 
producldo  fen6menos  de  8ensaci6n.  El  mds  emocionante  caso  que  sefiala  la  his- 
toria  es  el  de  las  trepidaciones,  retumbos  y  polvaredas  del  20  de  enero  de  1835, 
con  motivo  de  la  erupcl6n  del  Cosigttina  de  Nicaragua.  Las  sacadldas  no 
causaron  derrumbamientos  ni  dafios  personales,  pero  las  cenizas  fueron  laneadaa 
como  llovlzna  y  formaron  capa  sobre  los  objetos,  en  este  afio  que  le  llaman 
comunmente  del  polvo. 

Las  otras  conmociones  que  con  alguna  oportunidad  suelen  advertirse,  a 
causa  de  ser  frecuentes  en  las  vecinas  repilblicas  del  Salvador  y  Nicaragua, 
nunca  han  tenido  prolongaci6n  ni  estragos,  a  no  ser  en  objetos  ruinosos;  nl 
siquiera  se  conocen  grietas  que  hayan  dejado  en  la  tierra  las  sacudidas. 

ESTACIONES   EXISTENTES. 

La  rlnica  estaci6n  meteoroldgica  con  que  cuenta  el  pals,  es  la  instaiada  eu 
Oomayagiiela  en  el  ediflcio  de  la  Escuela  Normal  de  Varones.  Este  punto  de 
ubicaci6n  queda  14*  08'  al  norte  del  Ecuador,  sobre  el  meridiano  87*  15'  a  914 
metros  sobre  el  nivel  del  mar. 

Los  datos  que  aprecia  la  estacidn  indicada,  se  refieren  a  temperatura 
m&xima,  minima  y  media,  a  estado  de  humedad,  presi6n  barom^trica,  cantidad 
de  lluvia,  direcci^n  y  velocidad  del  viento. 

Las  observaciones  que  se  recogen  cada  dfa,  con  aproximaci6n,  predicen  buen 
tiempo  o  lluvias;  pu^  se  sabe  que  las  variantes  de  temperatura,  humedad  y 
presi6n,  forman  un  juiclo  acerca  del  estado  medio  del  tiempo,  sin  que  puedan 
tomarse  los  resultados  por  una  afirmaci6n  absoluta.  Desde  que  se  fund6  la 
estaci6n  meteorol6gica,  fueron  publlcados  los  datos,  primero  en  cuadro  mensual 
en  los  peri6dicos  de  Tegucigalpa,  y  ahora  aparecen  en  la  mlsnia  forma  en  el 
Boletfn  de  Fomento  y  Agricultura. 
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ESTACIONES    NECE8ABIA8. 

Oreo  que  es  conveniente  fundar  un  crlterio  cientffico  acerca  de  los  fen6menoB 
naturales,  ubicando  centres  de  observaci6n  que  anunclen  los  sucesos  de  In- 
ter^, para  laborar  oportunamente  en  las  ocupaciones  agn*icolas  y  apreetar  el 
salvamento  en  las  sacudidas  sismicas. 

Juzgo  suficlentes  para  las  necesidades  del  pals,  cuatro  estaciones  meteorol6- 
glcas  y  slsmol6gica8  en  los  centros  de  poblaci6n  que  menos  semejanzas  na- 
turales  tengan:  Nacaome,  que  a  causa  de  la  presl6n,  temperatura,  topograffa 
y  proximidad  al  Golfo  de  Fonseca  ofrece  un  cllma  especial  y  advierte  las 
sacudidas  sismicas  que  van  por  la  costa  del  Pacifico,  de  los  volcanes  de  Bl 
Salvador  y  Nicaragua;  Tegucigalpa  porque  tiene  una  altitud  considerable, 
drcuida  de  montafias  y  representa  el  clima  medio  del  interior ;  San  Pedro  Sula 
por  ser  m&s  adecuado  en  la  costa  Norte  para  Juzgar  las  lluvias  de  aquella 
zona ;  y  Santa  Rosa  de  Ck>p&n,  como  una  de  las  ciudades  ocddentales  que  m&s 
baja  temperatura  alcanzan  y  que  tiene  los  primeros  anuncios  de  los  temblores 
que  llegan  de  Guatemala  y  El  Salvador. 

Dato8  meteoroldgioos, — Observatorio  de  Comayaguela.    Mes  de  Julio  de  1915, 
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28.5 

23.0 

24 

25 

25.2 

27 

29.5 

25.5 

27 

26.7 

2&6 

27.0 

23 

28.2 

28 

28.6 

27.8 

27.8 

28.6 

28.8 

26.5 

29 

29 

29.8 

29.5 

29.5 

30 

19.0 

19.2 

2a4 

19.9 

20 

19.9 

1&9 

17.8 

19.6 

18.9 

19.9 

19 

19 

18.9 

18.6 

19.8 

19.6 

19.2 

19 

19 

17.2 

18w8 

20 

20 

19 

17 

20 

19.6 

17.8 

20.5 

20.2 

24.5 

22.8 

23.9 

23.7 

24.2 

21.7 

21.4 

21.4 

22.3 

22.9 

24.7 

22.2 

23 

22.3 

23 

23.7 

21.2 

23.7 

23 

23.7 

22.6 

23.3 

24.2 

24.4 

22.7 

23 

24 

24.7 

23.6 

25 

26.1 

15.09 
15.23 
14.69 
15.77 
16.28 
15.63 
14.97 
14.33 
15.22 
14.56 
16.05 
13.70 
13.68 
14.69 
14.98 
14.77 
15.73 
14.41 
17.22 
16.91 
14.21 
16.19 
14.36 
16.11 
13.86 
13.18 
14.32 
13.92 
13.22 
14.60 
14.15 

76 
79 
76 
83 
80 
83 
80 
76 
80 
82 
76 
76 
78 
76 
80 
75 
91 
70 
86 
74 
76 
83 
74 
78 
68 
68 
69 
66 
64 
64 
64 

686.27 

684.91 

684.43 

684.33 

683.35 

684.92 

684.76 

684.96 

683.93 

683.89 

684.06 

684.88 

684.86 

684.24 

681.31 

684.61 

684.77 

684.61 

684.67 

686.28 

686.6 

684.89 

685.12 

685.20 

685.23 

685.21 

685.67 

685 

685.49 

685.37 

684.86 

a 

2L8 

3 

0.5 

4 

0.8 

6 

2.5 

6 

74.26 

7 

.10 

8 

9 

10 

7.95 

11 

12 

IS.  25 

18 

1.85 

14 

1.25 

16 

16 

2.66 

17 

6.75 

18 

10.86 

19 

1.5 

ao 

21 

22 

8 

23 

5 

24 

4.6 

25 

1 

28 

0.26 

27 

28 

29 

90 

31 

SANTA  ROSA  DE  COPAN. 


Alt.  1,158 


26 


17 


2  m.  al 
afto. 


Por  hacer  el  oportuno  envlo  del  trabajo  que  me  propuse,  omiti  un  aconteci- 
miento  8ismol6gico  que  me  hideron  conocer  posteriores  informes.  Dije  en  la 
expo8ici6n,  que  Honduras  s61o  registraba  de  sensaci6n  el  sacudimiento  y 
polvareda  que  desde  Nicaragua  hizo  sentir  la  erupcl6n  del  Ck)8igfliiia,  y  ahora 
puedo  agregar  que  en  el  territorio  de  la  propia  Reptkblica,  fu6  extinguida  por 
]a  erupci6n  volcdnica  de  1611  una  antigua  poblacl6n  que  hist6ricamente  ae 
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conoce  con  el  nombre  de  Olancho  el  Viejo,  donde  perdura  el  crftter  inactivo 
que  se  denomina  el  Boquer6n. 

De  los  sobrevivlentes  de  la  catAstrofe  unos  fueron  a  puntos  inmediatos  a 
Nicaragua  y  otros  fundaron  a  Olanchito  en  Honduras. 

Tengo  el  sentimlento  de  referlrme  tambi^n  a  los  hechos  de  actualidad  anun- 
ciados  por  el  cable,  esto  es  a  las  conmociones  sismicas  que  en  los  tUtlmos  dlas 
de  dlciembre  han  perdido  a  Gracias  y  otras  poblaciones  de  Honduras. 

The  Chairman.  The  paper  is  before  you.  If  there  are  no  re- 
marks, we  will  take  the  next  paper  on  the  program,  which  is  a 
"  B^mnd  of  the  organization  of  the  meteorological  service  of  Chile.'' 
This  paper  will  be  read  by  title. 


RESUMEN   DE   LA   ORGANIZACI6N   DEL   SERVICIO   METEO- 

R0L6GI€0. 

Por  WALTER  KNOCHE, 
Del  Instituto  Central  MeteoroWgico  y  Oeofisico  de  Chile, 

El  actual  Instituto  Central  MeteoroWgico  y  Geoflsico  de  Chile,  fu4  fundado 
el  1*  de  Enero  de  1910  y  se  nombrd  Director  al  que  suscribe.  Subdlrector  es 
actualmente  D.  Nicolas  Pefia  M. 

En  la  citada  fecha  el  Instituto  reunl6  dos  servlcios  meteorol6glcos :  el  que 
tenia  la  Oficina  del  Tiempo  y  el  del  Observatorlo  Astron6mlco.  En  1911  se 
puso  adem&s  bajo  la  direcci6n  del  infrascrito  el  servioio  meteorol6gico  del 
Territorio  Marftimo  dependiente  de  la  Direcci6n  General  de  la  Armada.  Re- 
unidos  estos  tres  servlcios  se  unificaron  las  boras  de  ob8ervaci6n  fijdndose  las 
de  7a,  2p  y  9p  y  se  adoptaron  las  prescripciones  del  Cddlgo  Internacional  de 
Meteorologia. 

Antes  de  1910,  se  habfan  hecho  las  publicaciones  de  observaciones  nieteorol6- 
glcas  en  algunas  localidades  de  Chile  que  se  expresan  en  el  anexo  1. 

La  oficina  del  tiempo,  si  blen  no  di6  a  la  publlcidad  ninguna  obra,  edit6 
diariamente  mapas  con  prevision  del  tiempo  en  la  reptiblica,  desde  1905  a  1910. 

El  servicio  de  la  Marina  public6  desde  1901  a  1910,  Anuarlos  con  las  obse-- 
vaciones  hechas  en  18  faros  y  puertos  de  Chile.  EH  actual  servicio  del  Instituto 
Central  Meteorol6gico,  se  ha  limitado  en  sus  primeros  clnco  afios  a  dar  a  la 
publlcidad,  ante  todo,  valores  climatol6gicos  que  aparecen  en  forma  de 
Anuarlos.  Las  observaciones  de  las  oflcinas  en  parte  se  publican  en  extenso 
y  el  resto  por  lo  menos  en  resiimenes.  Anualmente  adem&s,  se  publican  loa 
valores  horarios  de  los  elementos  meteorol6gicos  de  Santiago  y  para  dar  idea 
m&B  detallada  se  han  dado  a  la  publlcidad  los  valores  horarios  de  otras  locali- 
dades como  son  Punta  Arenas,  Los  Andes  y  Valdivia,  de  dos  afios.  Hay  que 
agregar  tambi^n  que  las  sumas  de  agiia  cafda  en  las  localidades  que  se  citan  se 
editan  in  extenso  en  folletos  especiales. 

En  Santiago  y  Valparaiso  se  publlca  un  boletin  diario  de  las  observaciones 
hechas  en  la  repiiblica  a  las  7  de  la  mafiana,  de  los  datos  principales  meteorol6- 
gicos,  los  cuales  se  fijan  en  los  puntos  m^  concurridos  *de  esas  ciudades.  No 
8er&  Inoficioso  indicar  que  las  diversas  estaciones  chilenas  remiten  diariamente 
datofl  meteorol6gicos  por  tel^afo  a  la  Reptlblica  Argentina  y  vice  versa. 

Las  publicaciones  se  hacen  en  espafiol  acompafiado  de  una  traducci^n  en 
alemAn. 
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Las  estaciones  meteorol6gica8  (anexo  2)  se  encueutran  en  las  coordenadas 
geogr&ficas  que  se  detallan  en  el  raismo  anexo  y  las  pluvlomdtrh  as  en  la  forma 
axpresada  en  el  anexo  3. 

El  trabajo  que  se  sigue  en  el  pafs  relacionado  con  los  fondos  de  que  dispone, 
es  un  servicio  esencialmente  cllmatol6glco  y  retlne  los  datos  uecesarios  para  dar 
a  la  publlcidad  en  algtin  tienipo  mds,  un  tratado  sobre  los  rasgos  priuclpales  del 
clinia  de  Chile. 

Aunque  este  Instltuto  debe  dar  las  bases  para  un  futuro  servicio  de  prevision 
del  tlenipo,  no  lo  hace  por  el  momento  dada  su  Imposlbllidad  por  falta  de 
comunlcactones  telegrdficas  y  radlotelegr&ficas  con  la  reglOn  del  sur  de  Chile 
y  con  las  Islas  de  Juan  Ferndndez  y  de  Pascua,  reglones  que  son  de  absoluta 
necesldad  para  la  prevlsl6n  del  tlempo  en  el  pafs.  Serd  necesarlo  ademds, 
crear  un  servicio  pluvlom^trlco  auuado  a  otro  hldroWglco  para  poder  atender 
las  necestdades  prdcticas  de  Chile,  especlalmente  en  lo  que  se  relaclona  con  el 
rlego  de  los  campos,  tan  Importante  para  el  norte  y  centro  del  pafs,  con  la 
provisl6n  de  estanques  de  agua  potable  y  para  conocer  las  condiclones  y  Ifmltes 
de  las  fuerzas  hldrdullcas  que  en  tan  gran  ni^mero  se  puede  dlsponer  en  la 
reptlbllca. 

I.  Anuario  de  la  Oficlna  Central  Meteorol6glca  de  Santiago.  Afio  lo.,  corres- 
pondlente  a  1869. — Contiene  observaciones  de:  Caldera,  Coplap6,  Serena, 
Coquimbo,  Valparaiso,  Santiago,  Talca,  Constituclon,  Concepcl6n,  Valdlvia  y 
Pto.  Montt. 

II.  Mlsma  obra.-^Afio  2%  correspondiente  a  1870. — Contiene  observaciones 
de:  Caldera,  Coplapd,  Serena,  Coquimbo,  Valparaiso,  Santiago,  Constituclon, 
Corral,  Valdlvia,  Ancud  y  Puerto  Montt. 

III.  Mlsma  obra.— Afios  S"  y  4*,  correspondlentes  a  1871  y  1872.— Contiene 
observaciones  de:  Coplap6,  Caldera,  Coquimbo,  Serena,  Valparaiso,  Santiago, 
Talca,  Constituclon,  Corral,  Valdlvia,  Ancud,  Puerto  Montt  y  Punta  Arenas. 

IV.  Mlsma  obra.—Afios  5**  y  6%  correspondlentes  a  1873  y  1874. — Contiene 
observaciones  de  las  mismas  cludades  menos  Pto.  Montt  y  Punta  Arenas. 
Ademds  figura  como  nueva  Qulrlqulna. 

V.  Mlsma  obra. — Afio  7**,  correspondiente  a  1875.  Contiene  observaciones 
de :  Caldera,  Coplap<3,  Coquimbo,  Valparaiso,  Talca,  Quirlqulna,  Faro  de  Nlebla, 
Angol  y  Valdlvia. 

VI.  Observaciones  Meteorol6glcas  del  Observatorlo  Astron6mlco  de  Santiago, 
1873-1881. 

VII.  Mlsma  obra  que  la  precedente,  1882-1884. 

VIII.  Mlsma  obra  que  las  que  preceden,  correspondiente  1885-1887. 

IX.  Anuario  de  la  Oficina  Central  Meteorol6glca  de  Chile,  Tomo  18*,  corres- 
pondiente a  1886.— -Faltan  desde  1875  a  1885. 

X.  Secci6n  de  Meteorologfa  del  Observatorlo  Astron6mlco. — Afios  1888  a  1891. 

XI.  Mlsma  obra.— Anos  1892  a  1900  inclusive. 

XII.  Resumen  total  de  las  observaciones  meteorol6gicas  desde  1860  a  1896. 

XIII.  Anuario  del  Observatorio  Astron6mico  Nacional  de  Santiago  de  1903. 
En  este  anuario  figuran  las  observaciones  meteorol6glcas  de  Santiago  corres- 
pondlentes a  1902. 

XIV.  Anuario  del  Observatorio  Astron6mico  Nacional  de  1904.  Contiene 
observaciones  de  Santiago,  de  1903,  y  ademds  lluvias  de  Maitenes  1900,  Apo- 
qulndo  y  Contulmo  1901-1903.  Puerto  Montt  1862-1873,  Abrll  1888-1895  y  Julio 
1890-1902,  Ancud  1873-JuIlo  1875,  Collipulll  1880-1888,  Victoria  1903. 

XV.  Misma  obra  para  1905.  Contiene  observaciones  de  Santiago  de  1901, 
Iqulque,  Coplarx3,  Serena,  Los  Andes  y  Conct^pclon  de  1904,  lluvias  de  San- 
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tlago,  Coiituliuo,   Victoria  de  1904,  Ck)ncepcl<5n  1876-1887  y  18&2— 1902   y   de 
ViiUllvlu  liKKMM. 
X\'I.  ^Il8iiia  obra  para  1906,  cou  observaciones  de  Santiago  correspondientes 

XVII.  Mlsma  obra  para  1907.  Con  observaciones  de  Santiago,  correspon- 
dientes a  1905,  1906  y  de  Iqulque,  Ck>plap6,  Serena,  Los  Andes,  Gonc^pci6n, 
correspondientes  a  1904  y  1905  y  adem&s  Valdlvla  1905;  lluvias  en  Ck>ntiilmo 
y  VictorEa  1905-1900,  en  el  Volcan  y  Apoqulndo  1904  y  1905.  en  Colico,  1903- 
19U6,  e»  Quldlco  1905. 

Adeiuds  las  observaciones  de  Santiago  se  publlcaron  en  loe  "  Anales  de  la 
Uiiherftidad  *'  desde  1893  en  restimenes  mensuales  y  dlagramas  de  las  medias 
dlariaB  y  en  el  "  Boletfn  de  Higlene  *'  desde  el  alio  1898,  en  el  **  Boletfn 
Munlcipiil  '  sflo  para  el  afio  1908. 

Tuiubien  como  anexos  de  los  "Anales  de  la  Unlversidad  "  se  encuentran : 

XVIII.  Observaciones  Astron6micaB  y  Meteorol6glcas  desde  Jalio  de  10Q2  a 
Dleiembre  de  1904,  de  Santiago. 

XIX.  Mfsma  obra  desde  Enero  de  1906  a  Didembre  de  1908. 


ASTRONOMY,  METEOEOLOGY,  AND  SEISMOLOGY. 


733 


I 


'0!f«l9p9«A9K 


•0|w8piAnij 


'OJBJSpJOdBAa 


•<^rw39noH 

'OjBjS^mony 


'OjBJ9(u9rH 

'OjBjSpOUOX 


*80J^atnpnu9x 

■vzjani 
•ooajfp  'o^P9TA 


-OOOJTP— d6«I9 

op     sopigojii 


-ep)BO«TiSv 


'appuodoAa 


■oj  pgponinH 


*9Jl«idp 


'SBcaexixa 

wuTUBJOdmex 

'Qjoi'spm 


I 


(ni) 
[  Id  ajqos  Bjn)iv 


•*cowe«i-i 


•M  pmi8noq 


•g  pim?«i 


l«eoco^c»»eoeO'*c«'«»»H^eoeococ<coeoeoc^co«eo«eoco^»H 


'oppv^M  «i  dp  aopjQ 


8 


r 


si?.|a 


^Iffi 


P^sllli'^lf  II S  sill  I- alila  iiJ  sfi  g  i  2? 


lit 


III: 


IS 


734       PROCEEDINGS  SECOND  PAN  AMERICAN   SCIENTIFIC  CONQBESS. 


o 


■0JTU3viTUi)J!i   [ 


■c»jiij3^jAn[j 


ojtt^yjjodiSAa 


OJTUJvnBH 


$ 

jF    I— L 


ojfU^tiJaFH  I 


'DIKjJgiiiijaj, 


-BmoH 


'oj^jatMWH 


'0)9119 


ap    i?oinqaM 


Up|0«JOtfOAS        ^ 


A\  pn^T^JD't 


'^  piUllBI 


Ti9pnisi^flpti*tkao 


Pfr-**  M  «B»«  ^  WfPM  « -^  »M 


i  i|  :  i  :  :  i  :  is  :  ;  :  •• 

■  il  !  •  ;  •  i  •  ij  i  ;  i  ; 


3 


ASTBONOMY,  METEOBOLOGY,  AND  SEISMOLOGY. 


735 


lAsta  y  ubicacidn  de  lai  estaciones  pluviom^tricas  de  Chile    (excluidas  la$ 

meteoroldgicaM ) . 


Estadooes. 


Utitud 
8. 


Tacna ' 

Las  Juntas  de  Copiapd  J 

Freirina 

IslaCha&aral < 

IslaP&teros 

Punta  Lengua  Vaca. . . . ' 

Campanario i 

Juntas  de  OvaUe • 

PortlUo I 

CabUdo ; 

Ugua ' 

Zapallar j 

Rio  Colorado 

CerrUlos  Catemu 

CaleiB i 

LoCampo 

Juncal ' 

Llaillal 

Rio  Blanco ' 

Las  Salinas ! 

Limache 1 

Valparaiso  (Bolsa) 

Curaumilla 

TiltU 

Colina 

Maitenes 

Spoquindo 

Nufloa 

LoEspejo 

Florida  Alta 

Talagante 


LaObra i 

Malloco  (Lindenan) , 

San  Bernardo 

San  Jo66  de  Maipo 

Masafuera 

San  Gabriel 

Hospital 

Comeche 

Cauquenes 

Cuyarranquil 

Longavi 

San  Carlos 

Hda.  Bellavista,  San 
Iflcolas 

Hda.  Copihue,  San  Ni- 
colas  

Portemelo  Antequero. 

San  Fabian  de  AUco. . . 


18  01 

28  30 

28  30 

29  01 

29  34 

30  15 
30  41 
30  44 
32  21 
32  2fi 
32  27 
32  33 

(?) 

32  44 

32  48 

32  48 

32  50 

32  50 

32  54 

32  58 

33  01 
33  03 
33  06 
33  06 
33  13 
33  17 
33  24 
33  27 
33  31 
33  33 
33  34 
33  34 
33  35 
33  36 
33  36 

I  33  30 

!  33  46 

I  33  47 

33  52 

1  33  58 

'  35  58 

.  35  58 

!  35  58 

I  36  26 

!  36  27 

36  28 

36  29 

36  34 


Loni 
tudi 


70  18 


71  36 

71  33 

71  37 

70  54 

70  45 

70  10 

71  06 
71  16 
71  54 

(?) 

71  03 

71  13 

70  56 

70  11 

70  58 

70  19 

71  38 
71  18 
71  39 
71  45 
70  56 
70  44 
70  21 
70  31 
70  36 
70  41 
70  33 

70  56 

71  -21 
70  10 
70  13 
70  42 
70  22 
80  46 
70  15 

70  45 

71  37 

72  20 
72  37 
71  42 

71  57 

72  00 

72  18 

72  35 

71  36 


Altura 
sobre 

el  mar 
(m). 


Estaciones. 


560 

L  365 
81 
45 
30 
35 
200 
550 

2,885 

176 

75 

5 

(?) 

2,130 
215  I 
455 

2,250 
150 

1,420 
10 
90 
6 

80 
570 
140 

2,600 
785 
580 
570 
840 
345  I 
178 
800 
400  i 
575  i 
945 
5 

1,500 
385 
190 
140 
150 
145 
170 

150  I 

150 

150, 

600 


Punta  TAmby 

Chlllau  (Club) 

Esperanza 

Biunes 

Cerro  Verde  de  Peuco. 

Santa  Clara 

Punta  Puchoco 

Isla  Santa  Maria 

Yumbel-Estadon 

Vumbel-Aguada 

Yumbel-Batuco 

Yumbel-San  Cristobal. 

Lota 

Nadmiento 

Mulchen 

Anpol 

Los  Sauces 

Victoria 

La  Mocha  E 

Curacautin 

Loneuimai 

Carahue 

Bajo  Imperial 

Padre  Las  Casas 

Freire 

Pitrulguen 

Tolten 

Panguipulli 

Valdivla-Cludad 

ValdivlarOuitacalzon. . 

Punta  Niebla 

Trumag 

San  Juan  de  la  Costa. . 

Volcan 

Peulla 

Llanguihue 

Chamiza 

Faro  Tres  Cruces 

Punta  Ahui 

Ancud 

Quellon 

Isla  Magdalena 

CaboRaper 

Rio  Verde... 


Latitud 

S. 


Cabo  Posesion... 
Punta  Delgada... 
Packet  Harbour.. 

CaboF^lix 

Bahia  Harris 


36  36 

36  37 

36  42 

36  44 

36  44 

36  50 

37  01 
37  03 
37  05 
37  08 
37  10 
37  11 
37  05 
37  31 
37  41 

37  49 

38  00 
38  14 
38  21 
38  26 
38  26 
38  42 
38  45 
38  46 
38  56 

38  59 

39  15 
39  40 
39  48 
39  50 

39  51 

40  20 
40  31 

40  59 

41  05 
41  15 
41  29 
41  50 
41  50 
41  52 
43  07 
52  55 
46  49 
52  17 
52  18 
52  27 
52  47 

52  57 

53  50 


Longi- 
tudW. 


73  06 

72  06 

71  58 

72  19 

73  00 

72  21 

73  12 
73  31 
72  34 
72  26 
72  28 

72  30 

73  11 
72  41 
72  15 
72  43 
72  49 

72  19 

73  50 
71  54 

71  14 
73  08 
73  20 

72  36 
72  39 

72  38 

73  15 

72  10 

73  15 
73  00 
73  24 
73  07 
73  28 
72  56 
72  02 
72  58 

72  52 

73  28 
73  51 
73  49 
73  35 
70  33 
75  37 

73  38 

68  56 

69  32 

70  42 

74  08 
70  35 
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320 

85 

15 

95 

20 

65 

80 
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150 

150 
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55 

130 
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350 

20 
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970 

10 

10 

115 

105 

95 

10 

150 

15 

30 

40 

10 

8 

55 

115 

60 

55 

20 

50 

20 

15 

30 

(?) 

10 

128 

5 

10 

15 

10 


The  Chairman.  We  have  received,  too  late  to  be  placed  on  the 
program,  an  account  of  the  National  Observatory  of  the  Republic  of 
Cuba.  That  paper  will  be  considered  as  read  by  title  in  view  of  the 
shortness  of  the  time.  The  subdirector  of  the  Observatory,  Rev. 
Mariano  Gutierrez-Lanza,  S.  J.,  is  present,  and  we  are  sorry  that  we 
have  not  the  time  to  hear  the  paper  read. 
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LIGEROS  APUNTES  DE  LA  FORMA  EN  QUE  SE  HALLAN  BSTA- 
BLECIDOS  LOS  SERVICIOS  QUE  TIENE  A  SU  CARGO  EL  OBSER- 
VATORIO  NACIONAL  DE  LA  REPtlBLICA  DE  CUBA. 

Por  LUIS  G.  Y  CARBONELL, 
Director  del  Observatorio  Nacional  de  la  RepHblica  de  Cuba. 

SEKVICIO  astron6mico. 

Los  trabajos  astron6micos  se  reducen  a  los  cdlculos  necesarios  para  deter- 
minar  las  posiciones  de  algunos  astros  y  observar  el  paso  del  sol  y  estrellas  por 
el  meridiano,  para  conocer  con  exactitud  la  hora  del  Observatorio,  que  se  sefiala 
diarlamente  al  mediodfa.  Se  estA  gestionando  la  adquisicI6D  de  un  telescopio 
ecuatorlal. 

8ERVICIO    METEOB0l60ICO. 

A  la  terminacl6n  del  goblerno  colonial  se  estableci6  en  Cuba,  por  una  Secci<5n 
del  Weather  Bureau  de  los  Estados  Unldos,  el  Servicio  Meteorol<5gico  de  las 
Antillas,  con  el  Cllmatol6gico  y  de  Cosechas  de  Cuba,  cuyo  Centro  se  instald 
en  la  Habana.  Y  al  estableclm lento  del  Goblerno  de  la  Repiiblica,  en  el  alio  de 
19Q2,  pasaron  esos  servicios  a  depender  del  mismo. 

El  Servicio  Meteorol6glco  de  Cuba  cuenta  con  las  Bstaclones  slguientes: 

Guane,  en  Latltud  22"  14'  N.  y  Longitud  84**  02'  W.  de  Greenwich ;  y  a  80 
metros  sobre  el  nivel  del  mar.  Pinar  del  Rfo,  Latltud  22"  25'  N.,  Longitud  83* 
38'  W.  y  a  55  metros  sobre  el  nivel  del  mar.  Habana,  Latltud  23**  09'  N.,  Lon- 
gitud 82**  20'  W.  y  a  49  metros  sobre  el  nivel  del  mar  (Observatorio  Nacional). 
Matanzas,  Latltud  23"  02'  N.,  Longitud  81"  37'  W.  y  a  25  metros  sobre  el  niv^ 
del  mar.  Isla  de  Pinos,  Latltud  21"  53'  N.,  Longitud  82"  42'  W.  y  a  3  metros 
sobre  el  nivel  del  mar.  Quintana  (El  Roque),  Latltud  22"  85'  N.,  Longitud 
81"  03'  W.  a  22  metros  sobre  el  nivel  del  mar.  Isabela  de  Sagua,  Latltud 
22°  55'  N.,  Longitud  80"  00'  W.  y  a  3.5  sobre  el  nivel  del  mar,  Santa  Clara, 
Latitud  22"  24'  N.,  Longitud  80"  0'  W.  y  a  115  metros  sobre  el  nivel  del  mar. 
CamagUey,  Latitud  21"  24'  N.,  Longitud  78"  00'  W.  y  a  107  metros  sobre  el 
nivel  del  mar;  y  Santiago  de  Cuba,  Latitud  20"  01'  N..  Longitud  75"  50'  W. 
y  a  36  metros  sobre  el  nivel  del  mar. 

Todas  esas  Estaclones  mandan  diarinmente,%al  Observatorio,  telegramas  con 
las  observaciones  de  las  8  a.  m.  del  Meridiano  75"  de  Greenwich,  de  la  presl6n 
atmosf^rlca,  temperaturas,  humedad,  velocidad  y  direcci6n  del  viento  y  las 
nubes,  lluvia  y  estado  del  cielo;  de  cuyos  datos  se  mandan  por  el  cable,  a  la 
Direccl6n  del  Weather  Bureau  de  los  Estados  Unidos,  los  de  una  Estaci6n  de 
cada  provincia. 

Ademds,  debldo  a  la  amabllidad  del  Director  del  Weather  Bureau  de  los 
Estados  Unldos,  se  recibe  diariamente  un  cablegrama  expresivo  de  los  lugares 
en  que  se  encuentran  los  centros  de  mdxima  y  minima  presi6n  en  el  territorlo 
de  la  Repiiblica  de  Norte  America  y  en  el  CanadA,  asf  como  el  pron68tlco  de  los 
temporales  de  Inviemo  cuando  ocurren. 

En  la  6poca  de  los  clclones  de  las  Antillas,  se  reciben,  ademfts  de  los 
expresados  datos  de  las  Estaclones  de  Cuba  y  los  Estados  Unidos,  otros  que 
tambl^n  comunica  la  Direcci6n  del  Weather  Bureau  de  varias  de  las  Antillas, 
asf  como  avisos  de  cualquier  perturbaci^n  que  se  presente  entre  trdpicos; 
en  cuyo  caso  manda  bondadosamente  observaciones  el  Jefe  del  Servicio 
Meteorol(5gico  de  Jamaica  y  algunos  de  los  03nsules  de  Cuba  en  las  Antillas. 

Cuando  la  Influencla  de  alguna  perturbaci6n  alcanza  a  los  mares  de  Cuba 
se  reciben  obsorvaciones  do  Bataban6,  Quintana,  Cienfuegos,  Santa  Cruz  del 
Sur,  Reniodlos,  Puerto  Padre,  Gibara  y  Banes. 
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En  casos  extraordinarios  se  replten  los  cambios  de  observaciones  con  la 
r>lreccl6n  del  Weather  Bnreau  y  con  las  demds  Estaciones  Meteorol6glca8, 
cuantas  veces  senn  necesarlas. 

SEBVicio  climatol6qico  t  de  cosechas. 

Para  este  Servicio  se  cuenta,  adeni6s  de  los  datos  que  suminlstran  las 
Bstaciones  Meteorol6gicas  de  Cuba  e  Isla  de  Pinos,  con  70  Observadores 
Voluntarios  y  Oorresponsales  dlstribuidos  en  toda  la  Repiiblicn,  que  hacen 
observaciones  de  la  temperatura,  11  u via,  viento  y  estado  del  cielo,  informando 
semanalmente  con  esos  datos  y  las  condiclones  de  los  cultivos  y  dem&s 
elementos  de  la  rlqueza  rdstlca  del  pals;  y  mensualniente  mandan  planlllas 
en  que  insertan  sus  observaciones  dlarlas. 

Con  esos  Informes  y  las  observaciones  de  la  Estacl6n  Central  se  redactan 
per  ^ta  al  prlnclplo  de  cada  semaua,  Boletlnes  en  que  se  consignan  el  resumen 
de  las  condiclones  cllmatol<5glcas  y  su  efecto  sobre  los  cultivos.  Con  los 
datos  mensuales  se  redacta  cada  mes  un  Boletfn,  en  el  que  se  recopllan  las 
expresadas  condiclones  del  tiempo  y  las  cosechas  durante  el  mes,  asf  conio 
los  cuadros  estadfstlcos  y  gr&ficos  de  las  observaciones  efectuadas  en  las 
Estaciones  MeteoroWglcas  y  en  este  Observatorlo. 

Ambas  publlcaclones  se  dlstrlbuyen  entre  dlstlntos  ceutros  clentfflcos, 
oflclales  y  partlculares,  asf  como  a  las  personas  que  las  soUcltan;  y  se  halla 
establecldo  canje  con  las  prlnclpales  Observatorlos  de  otras  Naclones. 

SERVICIOS    sfSMICO  Y    MAONfinCO. 

Este  Observatorlo  posee  un  slsm6grafo  slstenia  Agamennone,  e  instrumentos 
para  las  observaciones  magn6tlcas,  a  cuya  lnstalacl6n,  se  va  a  proceder; 
y  se  trata  de  adqulrlr  un  mlcroslsmometr6grafo,  para  registrar  los  terremotos 
poco  Intensos. 

CONSIDERACIONES    OENEBALES. 

SegUn  lo  expuesto,  lleva  de  exlstenda  el  Servicio  Meteorol6glco  y  el 
Cllmatol6glco  y  de  Cosechas  en  Cuba,  desde  el  afio  de  1899;  y  con  los  datos 
recopllados,  se  estd  haclendo  el  estudlo  necesarlo  para  deduclr  la  cllmatologfa 
de  cada  provlncla,  pudlendo  por  lo  pronto  Indlcar  que  generalmente  cae  alguna 
manor  cantldad  de  agua  en  la  estacl^n  de  las  lluvlas  (de  Mayo  a  Octubre 
Inclusive)  en  la  provlncla  de  Orlente,  que  en  el  resto  de  la  RepAbllca,  con 
la  partlcularldad  de  que  de  Julio  a  Septlembre  es  por  lo  regular  escasa  la 
Uuvla  en  el  tramo  de  la  costa  desde  Puerto  Padre  a  Nlpe;  por  lo  que  los 
ingenlos  de  esa  Zona  pueden  prolongar  su  roollenda  mds  tiempo  que  los  del 
resto  de  la  Isla.  En  dlcho  tramo  de  costa  ocurren  las  mds  abundantes  lluvlas 
en  los  meses  de  Octubre  y  Novlembre.  El  promedlo  del  total  del  agua  que 
cae  anualmente  en  la  RepiSbllca  es  poco  mds  o  menos  de  60  pulgadas. 

Como  la  Isla  es  una  estrecha  faja  de  tierra  que  se  extiende  de  Orlente  a 
Occldente,  con  poca  dlferencia  en  la  Latltud  de  una  a  otra  de  sus  costas  del  N. 
y  S.,  es  pequefia  tambl^n  la  dlferencia  de  la  temperatura  de  unos  a  otros  lugares, 
que  mds  blen  obedece  a  su  aproxlmacl<5n  a  las  costas  y  a  las  condiclones 
topogrdficas  de  las  localldades,  que  a  la  dlstancla  de  ^as  del  Ecuador.  La 
Isot6rmica  media  anual  que  corre  por  el  Centro  de  la  Isla,  viene  a  ser  de  77** 
Fahrenheit  pr6xlmamente,  con  alguna  dlferencia  en  aumento  por  la  porcl6n  del 
Sur,  en  que  domlnan  los  vlentos  del  segundo  cuadrante,  y  dlsmlnuci6n  en  la 
del  Norte,  por  los  vientos  del  primer  cuadrante.  I-.a  elevada  temperatura  del 
verano  la  mitigan,  y  hacen  soportable,  la  perslstencla  de  los  vlentos  alfslos 
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durante  el  dfa,  y  el  terral  y  la  humedad  de  noche.  La  temperatara  de  los  mis 
calurosos  dfas  del  verano  es,  por  lo  regular,  de  92**  &  93**  Fahrenheit,  aonque 
en  determlnadas  local  Idades,  y  en  nigruno  que  otro  dia,  llega  a  exceder  de  esas 
clfras;  y  la  minima  diarla  en  invlerno  puede  apreciarse  en  63*  en  los  dlas 
frfos  de  Dicfembre,  Enero  y  Febrero,  por  mAs  que  en  casos  en  que  se  no5» 
acercan  las  mAs  intensas  olas  de  frfa  que  pasan  por  las  Estados  Cnldos,  des- 
dende  mAs  el  term6metro  en  aljninas  ocasiones. 

Es  de  sentirse  que  por  la  lnterrupci6n  de  las  comunlcaciones  por  el  cable  en 
clave,  a  causa  de  la  guet-ra  europea,  se  bay  a  suspendido  la  inserci5n  al  dorso 
de  los  Weatber  Maps,  que  redacta  la  Dlrecci6n  del  Weatber  Bureau  de  los 
Estados  Unldos,  de  las  condiclones  atmosf Ericas  en  todo  el  hemlsferio  del 
Norte,  cuya  publicaci6n  es  de  tanta  importancia  para  los  estudios  meteorol6g1cos. 

Consldero  que  serfa  de  utllldad  para  el  mejor  conocimiento  de  la  marcha  de 
los  buracanes  por  el  Mar  Carlbe,  el  establecimiento  de  una  Estaci6n  Meteoro- 
16glca  en  la  Isla  Caiman  Grande,  que  trasmltlera  sus  observaclones  i>or  medio 
del  servicio  de  telegraffa  sin  bilos. 

Y,  si  blen  no  con  el  carActer  de  beneftcio  material  para  todos,  aunque  sf 
para  la  nnvepacicin  y  tanibi^n  por  lo  que  se  refiere  al  progreso  de  la  Meteoro- 
logfa  en  lo  que  dice  relaci6n  al  estudlo  de  los  buracanes  de  las  Antillas,  serfa 
de  desear  la  internacionalizaci6n,  o  canje  de  observaciones,  entre  los  Serric/os 
Meteorol6glco8  de  America  en  el  Hemisferio  Norte,  siguiendo  las  huellas  traza- 
das  en  la  materia  por  la  I>irecci6n  del  Weatber  Bureau  de  los  Estados  Unldos 
de  Norte  America. 

The  Chairman.  The  next  paper  on  the  program  is  on  the  "  Argen- 
tine meteorological  service,"  by  H.  H.  Clayton,  oficina  meteorol6gica 
argentina,  Buenos  Aires. 


THE  ARGENTINE  WEATHER  SERVICE.* 

By  H.   H.  CLAYTON, 

Chief  of  the  Department   of   Weather  Forecasts. 

The  establisbment  of  the  National  Meteorological  Service  of  Argentina  was 
due  to  the  Initiative  of  Dr.  B.  A.  Grould,  first  director  of  the  Astronomical 
Observatory  at  Cordoba.  Dr.  Gould  presented  to  the  Argentine  Government  a 
plan  for  the  organization  and  maintenance  of  a  department  of  meteorology, 
offering  his  services  gratuitously  for  its  installation  and  as  director  in  charge 
of  the  worklnfr  during  its  first  years.  This  recommendation  was  favorably 
received  by  Congress  and  resulted  toward  the  end  of  1872  in  the  sanction  of 
the  law  creating  the  service. 

The  central  oflfice  was  installed  in  the  Cordoba  Astronomical  Observatory, 
although  the  Institutions  were  entirely  independent,  except  for  having  a  director 
in  common.  During  the  12  years  that  the  service  was  under  his  direction  52 
meteorological  stations  were  established,  in  23  of  which  observations  were 
made  for  more  than  two  years. 

1  Note  added  January.  1917 :  In  August,  1916,  George  O.  Wlggin  was  appointed  chief 
and  Frederico  Burmeister  assistant  chief  of  the  Oflclna  Meteorol6glca  Argentina.  During 
the  year  1916  the  Central  and  South  American  Cable  Co.  began  the  free  transmiaeion  of 
daily  weather  reports  from  Panama,  Quito,  and  Lima,  thus  rendering  more  complete  the 
international  weather  map  of  South  America.  The  publication  of  a  monthly  bulletin  of 
weather  statistics  was  begun  during  the  year. 
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Four  volumes  were  published  containing  a  discussion  of  the  observations. 
Isothermals  were  constructed,  the  essentials  of  which  have  scarcely  been 
altered  in  the  light  of  later  observations,  and  the  rainfall  data  was  the  first 
to  show  the  general  distribution  of  precipitation  over  the  southern  part  of 
South  America. 

In  1885  the  meteorological  office  (Oficina  Meteorol6gica  Argentina)  was 
created  as  a  separate  organization  under  the  direction  of  Walter  G.  Davis. 
The  offices  were  moved  from  the  astronomical  observatory  to  a  larger  and 
specially  constructed  building,  which  was  erected  on  grounds  adjoining  those 
of  the  observatory.  The  number  of  instruments  was  increased  so  as  to  embrace 
all  those  pertaining  to  the  usual  meteorological  studies,  including  the  special 
installation  for  studying  evaporation,  soil  temperatures;  and  other  elements  of 
an  experimental  nature. 

The  section  of  climatic  statistics  continues  in  Cordoba  under  the  direction 
of  Thomas  G.  Rector,  but  in  1901  the  central  office  was  moved  to  Buenos 
Aires  for  the  principal  object  of  publishing  a  daily  weather  map,  as  the  con- 
struction of  national  telegraph  lines  to  the  southern  territories,  the  extension 
of  the  telegraph  service  to  many  regions  of  the  central  and  northern  sections 
of  the  Republic,  and  also  the  generous  concession  of  the  use  of  the  private  lines 
of  the  railway  companies  and  the  provincial  service  of  Buenos  Aires  had  com- 
bined to  make  it  possible  to  obtain  observations  at  the  same  moment  from 
the  Bolivian  frontier  in  the  north  to  Santa  Cruz  in  the  south,  and  from  the 
Atlantic  to  the  Andes. 

At  the  end  of  1901  the  service  numbered  11  first-class  stations  with  auto- 
matic registers ;  68  second  dass,  in  which  observations  of  barometric  pressure, 
temperature,  wind  direction  and  force,  cloudiness,  and  precipitation  were  made 
at  7  a.  m.,  2  p.  m.,  and  9  p.  m. ;  9  third-class  stations,  which  differed  from  the 
second  class  only  in  not  having  barometers;  and  240  rainfall  stations. 

On  the  21st  of  February,  1902,  the  publication  of  a  daily  weather  map  was 
commenced  and  has  continued  without  interruption  to  the  present  time. 

In  July,  1902,  the  hydrometric  section  of  the  weather  service  was  founded. 
Its  duty  is  to  measure  the  volume  of  water  carried  by  the  various  rivers  In 
the  Republic  and  determine  its  relation  to  the  rainfall  in  the  region  drained; 
to  study  subterranean  waters,  evaporation,  drainage,  and  infiltration  as  well 
as  correlative  phenomenon;  to  determine  the  amounts  of  water  available  for 
irrigation  and  power;  and  to  predict  river  heights  for  the  use  of  navigation; 
and  also  to  warn  the  public  of  floods  and  inundations.  The  first  chief  of  this 
section  was  Mr.  G.  Lange,  who  retired  in  June,  1909,  and  was  succeeded  by  Mr. 
E.  Wolff,  the  present  chief  of  the  section.  In  September,  1904,  the  forecasting 
service  was  commenced,  with  Mr.  M.  W.  Hayes  as  forecast  official.  In  1907 
Mr.  H.  L.  Solyom  became  chief  of  the  section  and  continued  until  1913,  after 
which  the  writer  becaipe  chief  of  this  section.  In  October,  1912,  a  rainfall 
service  was  added  to  this  section,  and  in  August,  1915,  the  making  of  weekly 
or  longer  forecasts  was  begun  by  a  special  service  devoted  to  this  purpose. 
The  publication  by  this  department  of  a  Journal  giving  current  weather  statis- 
tics is  contemplated  in  the  near  future. 

The  magnetic  section  was  also  established  in  1904,  with  the  central  station 
located  at  Pilar,  in  the  Province  of  Cordoba.  The  object  of  this  service  is  to 
make  regular  and  systematic  observations  of  the  several  components  of  the 
earth's  magnetic  field  of  force  in  the  Argentine  Republic ;  to  make  a  magnetic 
survey  of  the  country  from  time  to  time ;  to  observe  and  study  solar  phenome- 
non, and  to  correlate  these  so  far  as  possible  with  meteorological  phenomenon. 
Mr.  L.  G.  Schultz  was  chief  of  this  section  until  1916,  and  completed  a  detailed 
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magnetic  survey  of  the  Republic.    In  September,  1915,  Prot  Frank  H.  Blgelow 
became  chief  of  this  section. 

In  May,  1915,  Prof.  W.  G.  Davis  retired  from  the  directorship  of  the  weather 
service.  He  had  built  up  the  service  from  small  beginnings  to  a  large,  vrell- 
organized  bureau,  whose  activity  and  efficiency  compared  favorably  witli  the 
most  advanced  weather  services  of  the  world.  Mr.  Davis  was  a  chief  of  excep- 
tional executive  ability  and  learning  and  was  universally  beloved  by  his  asso- 
ciates. He  was  succeeded  as  acting  director  by  Prof.  George  O.  Wiggin,  who 
has  carried  the  service  through  a  trying  period  with  much  vigor  and  skill. 

At  the  end  of  1914  the  network  of  Argentine  stations  extended  from  about 
21**  S.  to  61*"  S.  In  this  network  there  were  installed  42  flrst-dass  stations, 
equipped  with  self -registering  instruments;  152  second-class  stations,  where 
tri-daily  observations  are  taken;  12  third-class;  and  1930  rainfall  stations* 
from  which  the  rainfall  is  telegraphed  to  the  central  station  at  Buenos  Aires 
and  charted.  By  exchange  with  Brazil,  Chile,  and  Uruguay,  a  small  daily  map 
of  the  weather  over  a  large  part  of  South  America  is  published  daily. 

The  executive  branch  of  the  Argentine  weather  service  is  located  at  Buenos 
Aires  and  consists  of  a  director  and  assistant  director  and  a  secretary.  There  is 
a  corps  of  assistants  and  of  traveling  inspectors,  whose  duty  it  is  to  keep  the 
observers  and  the  exposure  of  instruments  under  constant  supervision,  and  this 
is  done  with  a  thoroughness  probably  not  exceeded  in  any  part  of  the  world. 
The  inspectors  also  have  the  duty  of  training  new  observers.  An  instrumental 
division  for  testing,  repairing,  constructing,  and  installing  instruments  and  a 
division  for  the  publication  of  observations  and  investigations  form  also  a  part 
of  the  executive  branch. 

The  climatological  section  of  the  Argentine  weather  service  has  its  head- 
quarters at  Cordoba,  occupying  the  building  used  in  1885  for  the  central  office 
of  the  weather  service.  Besides  its  activities  in  collecting,  classifying,  and 
checking  climatological  statistics,  it  is  carrying  on  a  first-class  meteorological 
observatory  and  is  making  researches  in  problems  relating  to  climatology  and 
agricultural  meteorology.  It  is  also  at  the  present  time  engaged  in  ent^in^ 
and  indexing,  in  specially  prepared  volumes,  the  daily,  monthly,  and  annual 
means  of  the  meteorological  elements  at  ail  the  stations  in  the  Republic  from 
the  beginning  of  observations.  These  volumes  will  furnish  easy  access  to  the 
observations  and  enable  the  section  to  meet  the  frequent  demands  for  informa- 
tion coming  from  the  general  public  and  from  official  sources  in  other  dq;>art- 
ments  of  the  Government 

The  forecast  department,  to  which  is  assigned  the  work  of  dynamic  meteor- 
ology, is  at  present  composed  of  three  divisions : 

1.  A  division  engaged  in  the  preparation  of  a  daily  weather  map  from  tele- 
grams received  from  all  parts  of  the  Argentine  Republic  and  adjacent  Republics 
and  the  making  of  weather  forecasts  for  the  following  36  hours.  These  are 
made  at  11  a.  m.  and  10  p.  m.  The  map  is  published  daily  with  detailed  infor- 
mation of  weather  conditions  in  figures  and  charts. 

2.  A  rainfall  division  engaged  in  the  preparation  of  a  daily  rainfall  chart 
from  nearly  2,000  stations,  the  checking  of  the  observations  by  comparison 
with  adjacent  stations,  and  the  entering  of  the  data  in  indexed  volumes  con- 
taining daily,  monthly,  and  annual  means.  This  rainfall  service  is  carried  on 
in  cooperation  with  the  railroad  telegraph  and  telephone  services  of  Argentina, 
which  furnish  observers  and  telegrams  free.  The  Province  of  Buenos  Aires 
also  cooperates  in  the  service. 

3.  A  division  devoted  to  the  preparation  of  general  forecasts  for  a  week  or 
more  in  advance.    These  forecasts  are  base<l  on  the  theory  of  weather  drift 
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outlined  by  the  writer  In  the  United  States  Monthly  Weather  Review  in  1907 
and  in  the  Serlvlco  Meteorological  Argentlno,  Hlstorla  y  Organization,  Buenos 
Aires,  1914,  and  also  on  the  periodic  or  semlperlodlc  recurrences  of  similar 
weather  conditions  at  short  Intervals  not  exceeding  a  year  In  length.  Active 
researches  are  In  progress  for  testing  and  Improving  these  forecasts,  which 
ultimately,  I  believe,  will  prove  of  the  highest  value,  much  exceeding  that  of 
the  dally  forecasts  for  36  hours. 

The  hydrometrlc  section  Is  engaged  in  the  problems  outlined  previously  of 
determining  the  flow  of  rivers  and  their  availability  for  navigation.  Irrigation, 
and  power.  For  tliis  purpose,  observations  and  measurements  of  river  cross 
sections  and  the  speed  of  flow  are  being  carried  on  In  the  rivers  of  the  Republic 
Diagrams  Illustrating  these  data  are  In  preparation  In  the  central  office,  and 
suitable  formulas  for  the  use  of  engineers  have  been  prepared. 

Observations  on  the  level  of  subterranean  waters  are  also  in  progress  at 
a  network  of  stations  scattered  over  the  Republic,  and  a  study  of  these  observa- 
tions is  in  progress.  There  is  a  division  of  this  section  devoted  to  the  making 
of  forecasts  of  river  stages  and  the  publication  of  existing  river  heights  at 
important  places.  For  this  purpose  dally  telegrams  are  received  from  a  netwwk 
of  river  observers,  and  forecasts  are  frequently  made  for  many  days  or  even 
weeks  In  advance. 

The  magnetic  section  continues  to  carry  on  observations  of  magnetic,  elec- 
trical, and  solar  phenomena  at  the  central  observatory  at  Pilar,  and  having 
completed  a  detailed  magnetic  survey  of  the  Republic  Is  preparing  plans,  under 
the  new  director,  to  study  the  relation  between  solar  conditions  and  terres- 
trial phenomena.    A  division  of  upper-air  research  Is  also  In  this  section. 

Another  activity  carried  on  by  the  Argentina  weather  service  at  considerable 
expense  Is  that  of  a  first-class  observatory  at  Laurie  Island,  60**  43'  S. 
and  about  43*  W.  This  Island  Is  surrounded  by  Ice,  and  Is  Inaccessible  during 
a  large  part  of  the  year,  but  during  the  summer  of  each  year  four  observers  are 
sent  out  with  equipment  and  food  for  a  year's  residence.  In  view  of  the  hard- 
ship, the  observers  are  changed  each  year,  unless  one  is  especially  desirous 
of  returning  a  second  year.  This  observatory  has  been  In  operation  since  1903, 
and  is  maintained  purely  In  the  Interests  of  science.  It  Is  a  testimonial  to  the 
Interest  of  the  chief  of  the  service  In  scientific  research,  to  the  Idealism  of  the 
Argentine  people  who  support  It,  and  to  the  courage  and  enthusiasm  of  the 
observers,  four  of  whom  have  died  while  on  duty  and  He  side  by  side  on  this 
isolated,  icebound  island. 

The  Chairman.  This  interesting  paper  is  before  you  for  dis- 
cussion. 

Mr.  J.  Warren  Smith.  Mr.  Chairman,  it  may  be  of  interest  to 
some  of  us  to  have  Mr.  Clayton  explain,  in  just  a  minute  or  two, 
what  is  being  done  along  the  line  of  agricultural  meteorology  in 
Argentina. 

Mr.  CiiATTON.  Agricultural  meteorology  has  not  been  very  much 
investigated  in  Argentina,  but  they  are  doing  something  in  the  ag- 
ricultural department.  A  few  months  ago  a  man  came  up  for  sta- 
tistics on  rainfall  and  temperature,  for  the  purpose  of  correlating 
them,  somewhat  in  the  same  manner  that  is  being  done  elsewhere 
by  the  correlative  statisticians,  but  we  have  not  seen  any  of  his  re- 
sults. The  work  is  being  done  in  the  agricultural  department,  but 
not  by  our  department,  so  I  can  not  say  anything  further  than  that 
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they  are  making  an  effort  in  the  agricultural  department  there  to 
study  that  correlation. 

Mr.  Talman.  I  should  like  to  ask  whether  it  is  true  that  the 
station  at  Laurie  Island  is  to  be  connected  by  wireless  with  Ar- 
gentina? 

Mr.  Glayton.  That  is  contemplated.  The  acting  director,  Mr. 
Wiggin,  went  to  the  naval  department  at  the  most  southern  of  the 
stations  in  Argentina  this  year  to  make  arrangements,  but  it  did 
not  seem  feasible  just  at  present  to  begin  it,  so  it  is  postponed  for 
the  present,  but  is  in  contemplation  as  soon  as  conditions  are  favor- 
able.   That  station  is  at  about  61**  S.  and  43**  E. 

The  Chairman.  If  there  is  no  further  discussion,  we  will  pro- 
ceed with  the  program.  The  paper  on  "  Contributions  to  Colombian 
meteoijology,  by  Senor  Don  Jorge  Alvarez  Lleras,  in  charge  of  the 
meteorological  service  of  the  National  Observatory  of  Bogota,  will 
be  considered  as  read  bj  tifle. 


C0NTRIBUCI6N  A  LA  METEOROLOGIA  COLOMBIANA. 

Por  JORGE  Alvarez  lleras, 

Encargado  del  Serricio  Meteoroldgico  del  Observatorio  Nacional,  Colombia, 

intboducci6n. 

El  presente  estudio  tiene  por  objeto  resumir  lo  hecho  hasta  ahora  por  el 
Observatorio  Nacional  de  Bogotd  en  el  campo  de  la  Meteorologla. 

Bste  Observatorio  es  astron6mico  y  meteorol6gico,  por  conslguiente,  en  fi  Be 
ban  efectuado  observaciones  meteorol6glcas  tendientes  a  obtener  un  conod- 
miento  completo  del  clima  del  pafs.  Hasta  abora  se  ba  logrado  determinar 
exactamente  el  cllma  de  Bogota,  segilin  las  varlaclones  peri6dicas  que  presentan 
una  Jey  deflnlda,  anotando  las  anomallas  que  se  presentan ;  mas,  en  lo  que 
respecta  a  otras  reglones,  s61o  se  ba  podido  formar,  agrupando  datos  diversos 
una  descrlpci6n  somera,  referente  a  altitudes,  temi)eraturas  y  lluvla  media. 

Creemos  que  ya  se  ha  llegado  al  conoclmlento  completo  del  cUma  de  Bogota, 
por  cuanto  las  observaciones  del  bar6metro  no  podrdn  suministrar  nlngdn  otro 
dato  tltil  &  la  lnvestigaci6n  de  las  causas  de  las  varlaclones  de  presl6n,  en  la 
oscllaci6n  diuma  o  din&mlca,  y  en  la  noctuma  o  eldstica,  ni  en  la  prevlsi6n 
del  cambio  de  tlempo.  Las  observaciones  conducentes  a  la  determinaci^n  de  la 
humedad  relativa,  por  medio  del  sic6metro  o  del  evapor6metro,  ban  suministrado 
ya  cuanto  podfan  dar  de  sf;  la  temperatura  media  est&  conoclda,  lo  mismo 
que  los  Ifmites  entre  los  cuales  oscilan  la  m&xima  y  la  mfnima;  el  r^imen 
general  de  los  vlentos  reinantes  da  a  conocer  los  movlmlentos  de  la  zona  de 
calmas,  las  peculiar idades  referentes  al  descenso  de  la  temperatura  en  Julio  y 
agosto,  la  existencia  de  lloviznas  en  estos  meses  y  el  retardo  de  la  segunda 
^poca  de  Uuvlas;  de  suerte  que,  en  t^rminos  generales,  tiltlmamente  solo  se  ba 
buscado  una  conflrmaci6n  de  las  conclusiones  halladas  por  el  Sefior  Director  del 
Observatorio.  en  la  primera  serie  de  observaciones. 

Ahora  nos  proponemos  determinar  las  caracterfsticas  generales  del  clima,  en 
todo  el  pais,  mediante  la  revlsl6n  de  los  datos  tomados  por  los  observadores  que 
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ya  ban  trabajado  en  algunas  poblaclones,  y  la  centralizaci6n  de  los  que  se 
recojan  en  las  estaciones  meteoroWgicas  que  se  funden  con  tal  objeto. 

Adem&s  de  6sto,  el  Observatorlo  se  ocupard  en  la  determinacl6n  de  la  radla- 
ci6n  solar,  por  medio  de  un  pirihelidmetro  Armstrong,  de  corriente,  en  la  deter- 
minaci6n  de  las  variaciones  diumas  y  anuales  de  la  aguja  magn6tica,  en  hallar 
el  valor  de  la  gravedad  (hasta  ahora,  para  las  correcciones  del  bar6metro,  se 
ha  hecho  uso  del  valor  calculado)  y  en  el  establecimiento  de  un  serviclo  sismo- 
16gico. 

Asl  pues,  es  necesario  en  este  estudlo  dar  una  llgera  idea  de  los  trabajos 
que  se  ban  becho  basta  abora,  e  indicar  lo  que  falta  por  bacer,  para  obtener  un 
conocimiento  completo  del  clima  del  pals. 

En  *consecuencia,  lo  dividiremos  en  tres  partes.  En  la  primera  se  da  una 
resefla  hist6rlca  de  los  trabajos  ejecutados  en  territorio  colombiano,  por 
observadores  eztranjeros  o  nacionales,  poniendo  de  manifiesto  la  necesidad  de 
continuar  su  obra.  Esta  resefla  blst6rica  no  se  babfa  escrito  basta  abora,  que 
sepamos ;  serfi.  pues  de  utilidad  para  valorar  lo  que  se  ba  becbo  en  Colombia  eo 
la  investlgaci6n  de  los  fen6menos  meteorol6gicos,  para  resolver  los  problemas 
con  el  los  relacionados  y  que  son  los  que  de  mils  cerca  atafien  al  bienestar  de 
los  babitantes  de  un  pals.  En  la  segunda  parte  se  trata  de  dar  una  idea 
g^ieral  de  la  dlstribuci6n  de  las  lluvlas  en  todo  el  territorio,  acopiando  datos 
relativos  a  las  dlferentes  regiones. 

Esta  idea  serd  conveniente,  por  cuanto  interesa  despertar  la  atenci6n  al 
desarrollo  de  la  Meteorologia,  e  inclinar  la  acci6n  oflcial  a  la  extension  de  los 
centros  de  observaci6n  por  toda  la  RepUblica.  En  los  climas  Intertropicales 
no  interesan  las  cuestiones  relacionadas  con  el  genesis  y  marcha  de  los  clclones 
caracterfsticos  de  las  zonas  templadas,  n\  la  previsl6n  del  tiempo  para  evitar 
siniestros  maritimos  o  terrestres.  En  la  mayor  parte  de  las  porciones  babitadas 
del  pals  no  son  de  temer  los  buracanes  destructores  ni  las  fuertes  granizadas, 
mas  en  cambio,  el  mayor  ntimero  de  sementeras  es  vfctima  de  las  irregularidadea 
que  se  presentan  en  las  estaciones  Iluviosas  o  secas.  La  determinaddn  de  la 
cantidad  de  lluvia  calda  y  su  distribuci6n  es,  pues,  el  principal  objeto  de  la 
Meteorologla,  en  los  pafses  vecinos  a  la  Ifn^a  equinocdal,  para  proveer  al 
establecimiento  de  Oflcinas  de  Irrigaci6n,  estimular  los  cultivos  de  secano  y 
fomentar  el  desarrollo  del  aseguro  agrfcola. 

En  la  tercera  parte,  se  trata  muy  ligeramente  de  la  fljeza  del  bar6metro  en 
la  zona  ecuatorial,  para  insistir  en  la  importancia  que  tienen,  en  la  region,  los 
Instrumentos  que  miden  la  presi6n  atmosf^rica  y  que  prestan  grandes  servicloa 
a  la  altimetrfa.  En  esa  parte,  se  dan  las  curvas  de  las  oscilaciones  barom^tricas 
diumas  y  anuales,  con  indicaci6n  de  los  m^todos  seguidos  para  determlnarlas. 

Adem&s,  para  que  se  vea  el  serviclo  que  el  Observatorlo  presta  a  los  ingenieros 
que  se  ocupan  en  medir  las  alturas  de  las  innumerables  pliegues  del  relieve  oro- 
gr&fico  del  pals,  se  describe  un  aparato  construido  per&nalmente  por  nosotros, 
y  que  sirve  para  reconocer  los  bar6metros  aneroides,  corregirlos  y  patronarlos. 
Hasta  la  fecha  del  establecimiento  de  este  serviclo,  los  aparatos  aneroides, 
grandemente  usados  por  todos  los  ingenieros,  daban  lugar  a  frecuentes  errores, 
por  cuanto  el  trasporte  y  el  tiempo  desarreglan  poco  a  poco  tales  mecanismos, 
que  entonces  requieren  ser  enviados  a  la  fdbrica  o  patronados  de  nuevo.  No 
es,  pues,  pequefla  la  utilidad  del  aparato  que  permite  comparar  el  Instrumento 
antes  y  despu^  de  su  empleo,  y  por  consiguiente  obtener  una  media  de  las  lec- 
turas  becbas,  que  se  aproxime,  lo  m&s  posible,  a  la  verdad. 

Si  el  corto  espacio  de  que  disponemos,  nos  bubiera  permitido  extendernos  en 
una  cuarta  parte,  la  babrfamos  dedicado  a  las  observaciones  actionom^tricas 
y  al  estudio  de  la  nebulosldad  por  medio  del  beli6grafo. 
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HISTOBIA. 

Fueron  debidos  a  los  esfuerzos  del  sabio  naturalista  Don  Jos6  Celestlno  Mutis, 
los  primeros  pasos  dados  en  el  Virreinato  de  Nueva  Granada  en  el  sentido  de 
Inlciar  observaciones  ordenadas  de  los  fen6meno8  meteorol6gicos  y  estudiar  el 
cUma  ecuatorial  amerlcano,  a  tiempo  que  en  Europa,  Borda,  Lavoisier  y  Laplace 
pensaban  que  era  poslble  la  prevlsi6n  del  tiempo  mediante  la  observaci6n  de 
los  fen6menos  atmosf^ricos. 

Preciosos  debieron  ser  los  datos  recogldos  por  orden  y  dlsposlcl6n  de  Mutls, 
cuando  se  fund6  el  Observatorio  de  Santa  F6  (BogotA)  y  se  coleccionaron  los 
trabajos  de  la  "  Expedici6n  BotAnlca."  Desgraciadamente,  si  es  clerto  que 
parte  importante  de  los  trabajos  de  esta  expedlcl6n,  en  lo  que  se  refiere  a 
zoologia  y  estudio  de  la  flora,  fueron  aprovechados  m&s  tarde  por  los  natura- 
listas  Lagasca  y  Pab6n,  espafioles,  y  por  el  Ilustrado  botAnIco  granadino  Sefior 
Jos6  Trlana  (Trlana  y  Planchon — "  Flora  CJolomblana  "),  tambi^n  lo  es  que,  en 
cuanto  a  apuntaclones  sobre  fen6menos  meterol6glcos,  la  obra  de  la  c^lebre 
"  Expedicl6n  "  puede  darse  por  perdida,  ya  que  en  Madrid  es  punto  menos  que 
Imposible  revlsar  los  Archlvos  coloniales,  que  carecen  de  Indices  convenientes. 

Segiin  esto,  las  prlmeras  observaciones  auotadas  que  poseemos,  se  deben  al 
Prdcer  Don  Francisco  Jos6  de  Caldas,  qulen  trabaj6  por  establecerlas  regular- 
mente,  no  s61o  en  Santa  F^,  sino  en  otros  lugares  del  Virreinato.  En  1807 
hlzo  Caldas,  en  Bogotd,  observaciones  iueteorol6gicas  durante  todo  el  afio,  segiin 
lo  refiere  Bousslngault  (Annales  de  Chlmle  et  Plilslque  1826)  :  mas  de  ellas 
no  se  pudleron  encontrar  slno  extractos  Incompletos.  En  1808  Caldas  public^ 
■en  el  "  Semanarlo  de  la  Nueva-Qranada,"  las  observaciones  hecbas  por  6\  per- 
sonalmente  en  el  Observatorio  de  Santa  F6,  observaciones  que  se  extlenden  a 
los  sels  primeros  meses  de  ese  afio,  y  que  extractamos  en  el  primer  cuadro  que 
acompafia  a  esta  resefia  hlst6rlca. 

Cuadro  de  las  observaciones  meteoroldgicas  hechas  en  el  aHo  de  180S,  por 
Don  Francisco  J,  de  Caldas^  en  el  Observatorio  Astrondmico  Nacional. 
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NoTA. — Los  datos  de  este  cuadro  vieron  la  lus  ptlbUca  en  el  '*  Semanarlo  de  Nue^a 
Granada  *'  y  fueron  reprodncidos  en  los  "  Anales  de  Instniccl6n  Ptlbllca  "  en  1886.  La 
columna  tltulada  temperatura  media  debe  referirse  a  la  temperatura  media  durante  el 
dfa,  o  sea,  al  Intervalo  comprendido  entre  las  6  a.  m.  ▼  las  6  p.  m.  Se  icrnora  qu4  clase 
de  correcciones  hlso  Caldas  a  sus  observaciones,  lo  mismo  que  la  calidad  y  procedencia 
de  los  Instrumentos  que  usd. 

Probablemente  comprometldo  ya  en  el  movlmlento  de  Ideas  poKticas,  inlclado 
por  Don  Antonio  Narlfio,  Caldas  lnterrumpl6  sus  observaciones  hasta  el  afio  de 
1810,  afio  en  que  se  publlcaron  las  hechas  en  el  mes  de  enero.  Entonces  estall6 
la  revolucl6n  del  20  de  Julio,  y  arrastrado  por  los  sucesos,  hubo  de  intemimptr 
sus  trabajos  para  slempre. 

Durante  la  lucha  por  la  Independencia  de  la  Corona  y  en  los  primeros  tlempos, 
despu^s  del  advenlmlento  de  la  Repdbllca,  los  estudlos  del  cllma  y  de  loa 
fen6menos  meteorol6glco8  se  abandonaron  completamente,  tanto  en  Santa  Fe 
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de  Bogota,  como  en  otros  lugares,  donde  Oaldas  habia  logrado  despertar 
afici6n  a  los  estudios  ffsicos,  y  donde  se  habian  emprendido  labores  de  in- 
vestigacl^n,  merced  a  la  Influencia  ilostrada  del  Qoblerno  espafiol. 

Este  abandono  perdur6  hasta  el  afio  de  1828,  coando  a  instancias  del 
Gobierno  de  la  Oran  Colombia,  y  por  Inflojo  del  Baron  de  Humboldt,  vinleron 
hombres  de  ciencia  a  establecer  en  Bogota  estudios  de  fisica,  matemdticas  y 
cienclas  naturales.  Entonces  Rivero,  Bousslngault  y  Roulin  efectuaron  obser- 
vaciones  meteorol6gica8,  que  se  publicaron  en  Europa  por  Ferrussac,  y  que 
despu^  reprodujo  el  General  Joaquin  Acosta  (Vlajes  Oientfflcos  a  los  Andes 
Ecuatorlales  1849),  y  complete  Rivero  en  sus  ''Memorias  Gientlflcas"  publi- 
oadas  en  Bruselas  en  1857.  De  las  observaciones  de  Bousslngault,  que  se 
refieren  al  lapso  trascurrido  de  mediados  de  1828  a  mediados  de  1824,  coplamos 
un  cuadro,  a  contlnuaci6n  de  las  observaciones  de  Caldas. 

Cuadro  de  las  observaciones  meteorol^gicas  hecluu  en  los  afios  de  1823  y  1824, 
por  Mr.  Boussingaultf  en  la  ciudad  de  Bogotd, 


Aflodel823-Mese8. 

Bardmetro. 

Afiodel824-Me0e6. 

Bardmetro. 

liixima. 

Ifinima. 

If&xinia. 

Iffnltn^, 

AgOBtO 

Metroi. 
a5622 
a6623 

MetTOi. 
0.5600 

Enero 

Metroi. 
a  6616 
0.5617 
a  5619 
a6634 
a  5619 
a5622 
a6622 

Metrot, 
a669B 

S^iembre       

0.6604 

Octubre 

a6630          a5694 
0.5616          a  5504 
0.6633;       0.5580 

i 

Tk^^r"^ 

0.5607 

Noviembre      

Abril 

a5600 

Dkiembre 

Mayo 

a5606 

Jm»'«o 

0.6602 

Julio 

0  6607 

Temperatura  media  del  aire,  16*.8. 

NoTA. — Se  ignora  la  clase  de  Instrumentos  usados,  lo  mlsmo  que  la  tempera- 
tura media  absoluta.    No  hay  datos  del  pluvl6metro. 

Cuadro  de  las  Observaciones  meteoroldgicas  hechas  en  Bogotd,  por  el  8efU>r 
Oral  Joaquin  Acosta,  en  los  alios  de  18S3,  18Si  y  18S5,  con  un  bardmetro 
de  Bunten,  de  sifdn,  comparado  con  el  del  Observatorio  de  Paris,  y  un 
termdmetro  centigrado  del  mismo  fabricante. 


Meees. 

0  a.m. 
bardme- 
tro. 

Temper- 
atura. 

8  p.m. 

bardme- 

tro. 

Temper- 
atura. 

Afio  de  1833. 
Enoro 

Metros, 
0.6620 
a6633 
a  5618 

• 

13.30 
13.60 
16.50 

Metroe. 
0.5604 
a5604 
0.5604 
a6606 
a5607 

a5607 

• 
17.70 

Febrero 

17.60 

Marzo 

19.70 

Abril 

a5618  1        16.90 
a6e23!        15.70 

0.6625  1        12. 8D 

18.00 

ICayo r 

17.40 

1834. 
Sxiero        

18.10 

Febrero. .... 

Mf^r?A         , T 

AbrlL 

Iftyo • 

a5628 
a6623 
a5628 

a  5610 

16.40 
17.70 
17.70 

14.70 

a5600 
a5608 
a5607 

a5507 

17.9 

jUTllO  ....,.T,r-^ T T T 

17.0 

Julio 

21.0 

1835. 
Enero 

17.30 

Febrero 

Marso 

0.5610 
a5624 

15.60 
16.70 

a5600 
a5602 

16.10 

Abrfl   

16.30 

NoTA. — ^Estos  datos  se  volvieron  a  publlcar  en  los  "Anales  de  Instruccldn 
Ptiblica,"  en  el  afio  de  1887.  Las  Indlcaclones  conslgnadas  en  el  cuadro  est&n 
tinicamente  corregidas  de  temperatura.  Deben  corregirse  de  capilarldad  y 
gravedad.    No  hay  datos  del  pluvi6metro. 
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En  el  afio  de  1828  public6  el  Dr.  Benito  Osoiio  nnas  observaclones  verificadas 
en  1827,  y  desde  el  afio  de  1881  hasta  1835,  el  General  Acosta,  deseoso  de  con- 
tlnoar  la  obra  de  BoossingaQlt  (V^ase  la  correspondenda  de  Humboldt),  hiso 
observadonee  en  Ingares  distintos,  con  caidado  y  prolljldad.    Las  que  verified 
en  el  Observatorlo  de  Bogota  se  debieron  a  la  iniclatlTa  del  Gobierno  del  €r«[ieral 
Santander,  qolen  nombr<)  a  Acosta,  "Director  del  Moseo  y  del  ObsCT^atorio 
Nadonal.*'    De  los  datos  tornados  por  Acosta,  s6\o  hemos  visto  los  que  se  refieren 
a  los  afios  de  1833,  1834  y  1835  y  que,  en  un  cuadro  Incompleto,  coplaznoe  a  oon- 
tinuad6n  de  las  observadones  de  Bousslngault    Por  aquella  ^[>oca   las  Ideas 
de  Humboldt  re^)ecto  a  las  varladones  de  la  altura  del  bar6metro  y  a  las  in- 
fluendas  de  la  latitud  y  la  altltud  en  el  trazado  de  las  Ifneas  isot^rmicas,  habfa 
dado  derta  resonanda  en  el  mundo  cientiftco  a  los  trabajos  de  los    fiEsleos 
conocedores  de  las  reglones  equlnocdales.    La  drcunstanda  de  que  tanto  Co- 
lombia, como  el  Ecuador,  dllatan  su  terrltorio  en  la  prozlmidad  del  ecuador,  y 
poseen  reglones  situadas  a  alturas  muy  diversas  sobre  el  nivel  del  mar,  permitid 
fijar  la  atend6n  en  la  Influenda  marcada  de  la  altltud  sobre  la  presl6n  y  en  la 
fijesa  relatlva  del  bar6metro  en  las  reglones  equlnocdales.    De  esta  suerte,  no 
861o  tuvieron  Importanda  espedal  los  trabajos  de  Humboldt  y  Boussiniraii'^ 
slno  que,  reladonados  Intimamente  con  los  de  Caldas,  Acosta  y  otros,  granadlnoe 
y  ecuatorianos,  slrvleron  de  base  para  el  estudlo  de  la  dimatologfa  colombiana 
y  de  la  zona  t6rrlda  amerlcana.     (A.  Humboldt — "Viaje  a  los  pafses   equl- 
nocdales del  Nuevo  Gontinente'*.)     Es  de  esta  manera  como  se  expllca  la  co- 
operaddn  de  Bourdon,  Gaudot,   Roulln  y   Bousslngault,  que  cedlendo    a    los 
deseos  de  Humboldt,  trabajaron  en  asodo  de  Ingenleros  amerlcanos,  en  la  de- 
terminaddn  de  las  prlndpales  caracterfsticas  de  nuestros  cllmas. 

Despu^s  de  Acosta,  solo  hasta  la  Presidenda  primera  del  ilustrado  y  progre- 
slsta  General  Mosquera,  los  estudios  meteorol6glco8  merederon  atend6n  de  parte 
del  Gobierno.  En  1835  vieron  la  luz  pt&bllca,  en  la  "Or6nlca  SananaV*,  varias 
observadones  esporddlcas  referentes  al  dlma  de  Bogota  mas  861o  hasta  el  afio 
de  1848  publlc6  el  General  Mosquera,  en  la  "Gaceta  Ofidal",  sus  propias  ob- 
servadones. En  este  afio  el  Gobierno  de  Nueva  Granada^  contrat6  el  levanta- 
mlento  de  la  Carta  con  el  Goronel  Codazzl,  anex6  el  Observatorlo  al  Colegio 
Milltar,  regentado  por  el  Profesor  Alm6  Bergeron,  dot6  al  Observatorlo  con 
algunos  Instrumentos,  favoreci6  las  exi)edlciones  dentfficas  por  dJstJntas  re- 
glones, y  no  omltl6  esfuerzo  en  el  sentldo  de  obtener  datos  referentes  a  dima- 
tologfa, geografla  f Islca  y  geologla  del  terrltorio  nadonaL 

Durante  algiin  tlempo,  despu^  de  la  dlreccl6n  del  General  Acosta,  fueron 
Dlrectores  del  Observatorlo  Astron6mlco  y  Meteorol6gico,  Don  Benedlcto  Do- 
mfnguez  y  Don  Frandsco  Javier  Matlz,  sin  dejar  dato  alguno  relatlvo  a  observa- 
dones practlcadas  entonces. 

Noia  del  Dr.  Uricoechea, — "  Nos  servimos  del  bar6metro  No.  105  de  Prastre, 
de  nlvel  constante.  Tanto  este  como  nuestro  t^m^metro  han  sldo  comparados 
con  los  del  Observatorlo  Imperial  de  Francla,  por  nuestro  malogrado  amlgo 
M.  Goujon.  Publlcamos  la  presl6n  atmosf^rlca  sin  reducd^n  a  0*.  Anotamos 
dos  obras  excelente^  que  tlenen  este  objeto:  "Meteorological  TableS"  por 
Guyoto,  Washington,  1851,  y  las  tablas  de  Oltmans,  1839,  qu6  son  generalmente 
usadas.  El  punto  de  agua  hirvlendo  ha  sldo  determinado  en  Bogota  por  medio 
de  un  hips45metro  de  Regnault  Todas  las  observadones  han  sldo  hechas  de 
la  mlsma  manera  que  se  hacen  en  el  Real  Observatorlo  de  Brusdas,  donde 
durante  ocho  meses  tuvlmos  la  honra  de  estudlar  y  practlcar  al  lado  de  su 
llustre  Dlredor  M.  Quetelet  Habl^ndosenos  roto  en  el  trasporte  de  Eur<^ 
a  Bogot&  los  term^metros  de  m&xlma  y  minima  y  caredendo  absolutamente 
de  anemdmetro,  galvan^metro  f  aparatos  para  la  lncUnad6n  y  dedlnaddn 
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de  la  aguja  magn^tica,  no  nos  ha  sido  posible  observar  otros  fen6meno8 
meteorol6gicos.  Las  divislones  de  los  terin6metros  son  centesimales.  El 
bar6metro  da  los  mil^simos  y  sus  fracciones.  El  agua  hierve  en  Bogota  a 
los  90.32  C.  M6s  tarde  nos  proponemos  dlscutir  la  altura  absoluta  de  BogotA 
por  los  resultados  obtenldos  con  el  bar6metro  y  el  punto  del  agua  hirvlendo/^ 

De  los  datos  esporddlcos,  publicados  por  Don  Jos6  Caicedo  Rojas  en  "El 
Pasatlempo"  (Aflo  de  1852)  y  por  P.  Coruette,  en  el  "Anuario  Meteorol6glco  de 
Francla,"  (sobre  observaciones  efectuadas  en  BogotA,  en  1856),  no  hemos 
podido  tomar  nota  por  carecer  de  los  Informes  blbliogrdflcos  correspondientes. 

Despu^  del  cuadro  en  que  flguran  los  datos  acopiados  por  el  General 
Acosta,  insertamos  un  compendio  de  las  observaciones  hechas  en  Bogotd, 
desde  el  27  de  Mayo  hasta  el  80  de  Junio  de  1857,  por  el  ilustrado  naturalista 
Don  Ezequlel  Urlcoechea,  con  el  objeto  de  anotar  el  hecho  de  que  las  correo- 
clones  barom^trlcas  deben  dar  resultados  dudosos  en  las  medlas  de  las 
preslones  observadas  en  BogotA  hasta  189ft. 

Cuadro  de  Uis  Observacionet  MeteoroldgUxu  hecha$  en  Bogoid,  deide  ei  27  de 
mayo  hasta  el  30  de  junio  de  1857,  por  Ezequiel  Uriooechea. 


Dias. 


27. 
28. 
20. 
30. 
81. 
1.. 
2.. 
8.. 
4.. 
5.. 
6.. 
7.. 
8.. 
9., 
10. 
11. 
12, 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 


16.2 
15.1 
17.0 
17.0 
17.1 
19.5 
17.3 
16.7 
16.5 
16.3 
15.6 
17.8 
17.5 
16.5 
17.0 
16.4 
18.3 
l&l 
16.7 
17.1 
17.2 
10.4 
16.5 
16.8 
12.8 
16.0 
l&O 
18.8 
19.1 
17.5 
16.0 
16,2 
14.0 
17.5 
16.4 


jtro  exterior. 

Term6metro  del  bar<$- 
metro. 

Bar^metro. 

IZO 

12.7 

14.8 

14.6 

14.6 

0.56585 

0.56440 

0.56500 

13.5 

13.5 

14.2 

14.5 

14.7 

0.56530 

a56440 

a56380 

13.1 

12.6 

14.8 

14.5 

14.6 

0.56460 

0.56280 

a56420 

13.2 

12.5 

14.7 

14.4 

14.7 

0.56480 

0.66435 

a56400 

13.3 

12.6 

14.0 

14.5 

14.6 

a56590 

0.56440 

a56550 

15.0 

12.2 

14.5 

14.8 

14.7 

a  56470 

a56300 

a56400 

14.1 

12.8 

14.7 

15.0 

14.7 

a  56470 

a66309 

a56400 

17.1 

11.2 

14.4 

14.9 

13.9 

0.56440 

0.56250 

a56430 

17.0 

9.9 

13.6 

13.5 

13.5 

0.56485 

0.56300 

0.56460 

16.3 

10.9 

13.6 

14.7 

13.9 

0.56480 

a56330 

a  56410 

16.4 

12.9 

13.7 

15.0 

14.2 

a56450 

0.56270 

a56430 

17.4 

12.6 

14.9 

15.5 

14.4 

a56380 

0.56190 

0.5634ft 

15.5 

12.0 

14.9 

15.5 

15.0 

a56435 

a56265 

a  56410 

16.7 

13.7 

14.6 

15.1 

14.9 

a56397 

0.56280 

a  56370 

17.8 

12.1 

14.7 

15.4 

14.8 

a56330 

0.56145 

0.56280 

17.5 

11.38 

14.4 

15.3 

14.5 

a  56275 

a  56150 

a56245 

17.1 

12.9 

14.7 

15.4 

14.9 

0.56360 

0.56300 

a  56370 

1&2 

13.8 

15.2 

15.8 

14.9 

0.56410 

a56240 

a  56370 

17.4 

13.9 

14.8 

15.5 

15.1 

0.56407 

0.56210 

0.56400 

18.1 

11.9 

15.0 

15.8 

15.2 

0.56380 

0.56260 

0.56310 

20.0 

14.0 

14.8 

15.6 

15.1 

0.56365 

0.56265 

a56407 

18.9 

11.9 

15.5 

15.9 

15.1 

a  56410 

a56285 

a56405 

19.5 

14.4 

14.9 

16.6 

15.3 

0.56435 

0.56340 

a56405 

15.9 

11.8 

15.3 

15.5 

14.7 

0.56410 

0.56265 

a56460 

15.9 

12.4 

14.3 

15.0 

14.6 

0.56465 

a56265 

a  56416 

16.1 

ILl 

14.4 

14.0 

14.5 

a  56510 

a56350 

0.56500 

17.5 

11.0 

14.0 

15.4 

14.4 

0.56460 

0.56305 

a  56410 

17.8 

13.3 

14.9 

15.2 

14.7 

0.56423 

a66300 

a56330 

ia9 

13.2 

15.0 

15.2 

14.7 

a  56370 

0.56205 

a56368 

15.9 

12.95 

14.9 

15.2 

14.5 

a56380 

a56227 

a56380 

16.8 

11.8 

14.8 

15.4 

14.5 

a56428 

a56256 

a5^ 

a  56418 

17.5 

13.3 

14.5 

15.7 

14.6 

a  56476 

0.56426 

17.3 

13.9 

13.7 

15.5 

14.8 

a  56437 

a56307 

a56334 

15.8 

12.5 

15.2 

15.6 

14.8 

0.56606 

0.56457 

a  56417 

l&O 

12.6 

14.7 

15.3 

14.1 

a56649 

a  56296 

a56425 

En  el  mismo  aflo  de  1858,  M.  EYisak  practice  varlas  observaciones,  conjunta- 
mente  con  la  determinaci6n  de  la  declinaci6n  de  la  aguja  magn^tica ;  y  en  1859 
Don  Jos6  Comello  Borda  se  encarg6  de  la  Direccl6n  del  Observatorio,  sin  que 
se  sepa  cuales  fueron  sus  trabajos  en  el  campo  de  la  Meteorologla. 

La  guerra  civil  de  1860  paraliz6  no  solo  la  reorganizaci6n  del  Observatorio, 
sino  la  continuacl6n  de  los  trabajos  de  la  Coinisi6n  Corogrdflca,  de  la  cual 
formaron  parte,  despu^s  de  la  muerte  de  CJodazzl,  los  seQores  Mpiuel  Ponce, 
Manuel  Maria  Paz  e  Indaleclo  Li^vano;  conocido  matemdtico  naUonal,  quien 
despu^  de  su  regreso  de  la  Costa  Atlftntica,  detennin6  la  altura  del  bar6metro 
en  Bogota. 
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Esta  determinaci6n  se  hizo  por  medio  de  observaclones  slmultdneas ;  eu 
Bogota  observ6  la  columna  barom^trica,  en  el  Sal6n  principal  del  Observatorlo, 
el  Sefior  Ll^vano,  y  en  Oartagena,  en  un  sitlo  colocado  a  una  altura  media 
8obre  el  nivel  del  mar  de  8.5",  observ6  el  Sefior  William  Chandless.  En  ambos 
lugares  se  tom6  la  temperatura  del  aire  ambiente.  El  promedio  de  18  observa- 
clones slmultdneas  l\i6: 

En  Cartagena — ^Agua  hlrviente,  99.96' ;  temperatura  ambiente,  27.32'. 

En  BogotA — ^Agua  hlrviente,  91.73** ;  temperatura  ambiente,  15.40**.  Para 
la  temperatura  de  ebullici6n  en  Bogotd,  dan  las  tablas  de  Regnault,  para  la 
altura  de  la  colunma  baromtolca,  561.01""". 

Fuera  de  este  trabajo,  el  Sefior  Ll^vano  dlrlgl6  algunas  observaclones  meteo- 
rol6glcas  en  1862,  observaclones  que  interrumpi6  por  algiin  tlempo  y  contlnud 
despu^  en  1868,  1871  y  1872. 

Realmente  donde  se  ban  verlflcado  observaclones  meteorol6gicas  con  alguna 
regularldad  ha  sldo  en  Bogotd,  ya  que  en  otras  poblaclones  solo  se  encuentran 
datos  alslados,  generalmente  tornados  por  vlajeros  que  ban  atravesado  r&plda- 
mente  el  terrltorlo.  Caldas  comprendi(3  la  necesidad  de  extender  el  radio 
de  accl6n  a  otros  puntos  y  por  eso  trabaj6  con  ahlnco.  En  sus  vlajes  por 
dlversas  reglones  del  pals  practlc6  observaclones  barom^trlcas,  hlpsom^trlcas, 
hlgrom^trlcas  y  de  temperatura  y  las  acompafi6  con  descrlpclones  de  los 
cllmas,  llenas  de  vlveza  descrlptlva  y  apuntaciones  crftlcas  llustradas.  Para 
poner  un  ejemplo,  6lgase  como  describe  le  ^poca  de  lluvlas  en  las  feraces 
reglones  del  Choc6: 

**  Llueve  la  mayor  parte  del  aflo.  Ej^rcitos  iumensos  de  nubes  se  lanzan  en 
la  atm6sfera,  del  seno  del  Oc^ano  PacfAco.  El  v lento  O,  que  relna  constante- 
mente  en  estos  mares,  las  arroja  dentro  del  continente ;  los  Andes  las  detlenen 
en  la  mltad  de  su  carrera.  Aquf  se  acumulan  y  dan  a  esas  montafias  un  aspecto 
sombrlo  y  amenazador;  el  cielo  desaparece,  por  todas  partes  no  se  ven  slno 
nubes  pesadas  y  negras,  que  amenazan  a  todo  vivieute.  Una  calma  sofocante 
sobrevlene ;  este  es  el  momento  terrible ;  r&f agas  de  vlento  dlslocadas  arrancan 
drboles  enormes;  exploslones  el4ctrlcas,  truenos  espantosos;  los  rfos  salen 
de  su  lecho;  el  mar  se  enfurece;  olas  inmensas  vienen  a  estrellarse  sobre 
las  costas;  el  clelo  se  confunde  con  la  tlerra  y  todo  parece  que  anuncia  la 
ruina  del  universo.  En  medio  de  este  confllcto  el  vlajero  palidece,  mlentras 
que  el  habltante  del  Choc6  duerme  tranqullo  en  el  seno  de  su  famllla.  Una 
larga  experlencla  le  ha  ensefiado  que  los  resultados  de  estas  convulslones  de 
la  naturaleza  son  pocas  veces  funestos ;  que  todo  se  reduce  a  luz,  agua  y  ruido, 
y  que  dentro  de  pocas  boras  se  restablece  el  equlllbrlo  y  la  serenldad." 

Verdadero  Inventor  del  hlps6metro,  Caldas  fu^  el  primero  que  not6  la 
estabilldad  de  la  columna  barom^trlca  en  la  zona  ecuatorlal  y  las  varlaclones 
de  la  temperatura  de  ebulllcWn  del  agua  a  dlversas  alturas  sobre  el  nlvel  del 
mar,  por  cuanto  ^1  se  encontraba  en  condlclones  favoral^les  para  hacer  esta 
observacl6n,  ya  que  las  varlaclones  accldentales  de  la  presl6n  atmosf^lca, 
en  las  zonas  templadas,  hacfan  imposlble  verlflcar  esta  experlencla  sin  nlnguna 
Idea  preconcebida,  a  este  respecto.  Nl  el  mismo  Humboldt,  qulen  usaba  en 
sus  ascenslones  '*un  aparato  termom^trlco  que  le  recomend6  Saussore  y 
que  le  merecfa  poca  confianza,"  pudo  notar  el  fen6meno  en  Europa.  En  una 
conversacl6n  que  Caldas  tuvo  con  el  vlajero  alemdn,  relatlva  a  las  experlencias 
de  Heberden,  conversacl6n  relatada  por  el  mismo  Caldas  se  lee : 

"  En  las  prlmeras  conversaciones  le  trnt(^»  sobre  la  materia,  y  me  dijo  que 
Suclo  habfa  trabajado  sobre  el  particular  y  habla  ensefiado  el  m6todo  de  medir 
las  montafias  sin  el  bar6metro.  Ya  se  deja  ver  con  que  ansla  olrfa  al  Baron 
sobre  este  punto.  Yo  cref,  vl  mis  ideas  como  una  cosa  que  habfa  nacldo  en 
ml  esplrltu  a  velnte  afios  de  agotada  en  Europa,  y  solo  trat6  de  presentar 
Unas  Ideas  confirmatorlas  de  la  teorfa  de  Sucio,  apreclables  por  ser  en  grandes 
elevaclones  y  en  la  veclndad  del  ecuador.  Inst^  a  este  sablo  vlajero  per 
el  exponente  y  por  las  experlencias  de  Sucio,  pero  cuando  qulso  tomarlo  de 
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sua  manuscritos,  halld  que  Sucio  no  habfa  pensado  en  el  agua  blrvientlo, 
que  este  flsico  solo  era  el  perfecclonador  del  m^todo  de  Heberden,  que  asigna 
640  pies  por  un  grado  menos  en  el  term6metro  expuesto  al  aire  y  vuelvo  yo 
a  entrar  en  posesi6n  de  ml  pequeflo  descubrimiento."' 

En  realidad,  Humboldt  ya  habfa  usado,  en  su  ascensi6n  al  plco  de  Tenerife, 
el  m^todo  empleado  con  Caldas,  mas  nada  preciso  habfa  sentado  sobre  el 
particular.  Hablendo  Caldas  efectuado  varlas  expediclones,  a  todas  las  alturas 
sobre  el  nivel  del  mar,  y  habiendo  resldldo  largo  tlempo  en  vecindades  de  la 
Unea  equlnocclal,  estuvo  en  aptitud  para  formular  las  leyes,  que  ^1  tuvo  como 
suyas,  antes  que  el  mlsmo  Humboldt. 

Por  supuesto  que  a  Humboldt  debemos  las  nociones  principales  que  se 
refleren  a  la  meteorologfa  de  las  reglones  Intertropicales.  Por  tanto,  la  naci(3n 
colombiana  es  la  primera  en  reconocer  los  m^ritos  de  ese  ilustre  sabio.  Con 
Ck)lombia  y  sus  liombres,  mantuvo  slempre  Humboldt  relaclones  amistosas,  como 
lo  prueba  la  corresiwndencia  del  (General  Acosta ;  a  61  se  debi6  la  venida  de 
Boussingault  y  que,  afios  despu^s,  el  Gobierno  de  la  RepHbllca  encargara  el 
levantamiento  de  la  Carta  al  Coronel  Codazzi. 

Tambl^n  este  ilustre  vlajero  y  ge6grafo  contribuy6  a  la  meteorologfa  del 
pais;  pues,  en  sus  Notas  de  vlaje,  consign6  Interesantes  observaciones  suyas, 
sobre  el  clima  de  las  reglones  que  vlsitaba.  Asi,  por  ejemplo,  para  explicar  el 
retardo  de  las  lluvias  en  el  valle  del  rfo  Magdalena,  cuando  el  sol  pasa  al 
hemisferio  austral,  en  septlembre,  Codazzi  dice : , 

"  Es  sabido  que  la  causa  de  los  vientos  estA  en  la  diferencia  de  temperaturas 
de  dos  pafses  veclnos,  lo  cual  produce  una  ruptura  de  equilibrio  entre  las  capas 
atmosf^ricas.  Si  dos  columnas  de  aire  tieiien  la  niisma  temperatura  y  denfeidad 
en  toda  su  altura,  permanecen  en  equilibrio;  pero  si  la  tierra  sobre  la  cual 
reposan  se  calienta  dlferentemente,  el  equilibrio  no  puede  menos  de  perturbarse, 
generdndose  vientos  que  irdn  del  pais  cdlido  al  pafs  frfo,  por  la  parte  superior ; 
y  produci^ndose  por  la  Inferior  una  corrlente  inversa  que  rasard  la  superflcle 
de  la  tierra.  Cuando  el  sol  regresa  del  Tr6pico  de  Cancer  y  ejerce  su  influjo 
sobre  las  selvas  del  bajo  Magdalena,  6stas  se  calientan :  la  corriente  superior  de 
aire  rarefacto,  se  dirige  hacia  el  mar,  y  la  Inferior  deberfa  bafiar  el  alto  Mag- 
dalena ;  pero  no  llega  a  61,  porque  se  halla  balanceado  con  el  aire  de  ese  pafs, 
calentado  por  el  sol  en  su  paso  hacia  el  Ecuador.  Mas  como  dicho  astro  al  llegar 
a  6ste,  en  su  paso  al  hemisferio  austral,  calienta  los  pafses  sltuados  en  la  vertical 
de  los  puntos  que  recorre,  las  corrientes  superiores  se  dlrigen  en  consecuencia 
hacia  el  S.,  y  las  frfas  hacia  el  N.,  determlnando  las  lluvias  de  octubre  y 
noviembre,  que  suelen  prolongarse  tambi^n  hasta  mediados  de  diciembre." 

Despu6s  de  la  muerte  de  Codazzi  y  de  la  terminacl6n  de  la  Comlsi6n  Coro- 
grdfica,  el  Dr.  Li^vano,  como  ya  se  dijo,  quedd  en  el  Observatorlo  Nacional  y 
practlc6  allf  observaciones  meteorol6gicas  hasta  1872,  colncidiendo  su  trabajo 
con  el  del  Dr.  Juan  de  Dlos  Carrasqullla,  quien  lnioi6  observaciones  pluvlo- 
m^tricas  en  1866.  I^  los  datos  meteorol<5glcos  tornados  por  el  Dr.  L16vano  no 
hemos  tenido  noticia ;  en  cambio,  los  debldos  al  Dr.  Carrasqullla,  se  conservan 
en  su  mayor  parte,  publicados  en  el  peri6dico  denomlnado  **E1  Agricultor". 

El  Dr.  Carrasqullla  f u6  un  Investigador  inf atlgable :  por  muchos  aflos  y  a  su 
propia  costa,  practlc6  observaciones  meteorol6glcas  en  un  Observatorlo  de  su 
propledad  y  suministr6  datos  preclosos  para  la  determinacI6n  del  cUma  de  la 
altiplanicie  de  Bogotd. 

La  relatlva  fijeza  del  bar6metro  y  la  perlodlcldad  de  sus  pequeflas  varlaciones, 
Uamaron  poderosamente  la  atenci6n  del  Dr.  Carrasqullla ;  y  al  estudio  de  este 
fen6meno  dedlc6  gran  parte  de  su  actividad  cientffica. 

Probablemente  bajo  la  influencla  de  preocupaclones  de  la  6poca,  el  Dr.  Ca- 
rrasqullla atribuy6,  al  explicar  la  causa  de  las  osclladones  diurnas  del 
bar6metro,  una  Importancia  mucho  mayor  de  la  que  tiene  en  realldad,  a  la 
acci6n  atractiva  del  sol  y  de  la  luna.  En  un  trabajo  publicado  en  los  "Anales 
de  Ingenierfa,"  bajo  el  tftulo  de  "  Datos  para  la  Climatologfa  en  Colombia  " 
aice: 
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**  La  regularidad  misma  de  las  oscilaciones  horarias  confirma  suficientemente 
que  la  atracci6n  solar  es  su  causa,  que  este  astro  obra  por  atracci6n,  por  su 
masa,  mds  que  por  sus  propiedades  calorfficas,  sobre  el  peso  de  la  atiii<3sfera. 
Al  medio  dfa,  cuando  el  sol  estd  mds  cerca  del  ecuador  terrestre,  ejerce  la 
mayor  atracci6n  sobre  los  puntos  del  globo  situados  en  la  Ifuea  equlnocclal  y 
a  ambos  lados  de  ella"  (En  lugar  de  "ecuador"  y  "Ifnea"  "equlnocclal"  ha 
debido  decirse:  "  meridiano  ") ;  pero  como  su  acci<3n  no  es  instantdnea,  a  causa 
de  la  naturaleza  gaseosa  de  la  atmdsfei'a,  se  tarda  algunas  horas  en  hacerse 
sensible,  y  el  bar6metro  no  marca  la  menor  altura  de  la  columna  mercurial 
basta  las  tres  o  las  cuatro  de  la  tarde,  asf  como  las  mareas  ocednlcas  se  hacen 
sentlr  con  algun  atraso  y  en  relacl6n  con  la  posicWn  del  lugar." 

A  la  explicacidn  del  Dr.  Carrasquilla  se  pueden  presenter  las  slguientes 
ob  jeciones : 

Primero.  Las  oscilaciones  horarias  del  bar6metro  no  est&n  bajo  la  depen- 
dencia  de  la  atracci6n  lunar,  porque  dichas  oscilaciones  se  efecttlan,  segdn  las 
observaciones,  sensiblemente  a  unas  mismas  horas,  durante  todo  el  afio. 

Segundo.  Siendo  asf,  las  oscilaciones  tampoco  estdn  bajo  la  dependencla  de  la 
atracci6n  solar,  porque,  a  la  distancia  que  de  este  astro  nos  separa,  ^ta  es 
menor  que  la  de  la  luna. 

Tercero.  La  explicaci6n  del  Dr.  Carrasquilla  no  es  suficientc  para  explicar  la 
nUnimay  observada  en  las  horas  de  la  madrugada. 

Estas  objeciones  pueden  cltarse  a  tftulo  de  curiosidad,  pues  la  causa  tinlca 
de  las  oscilaciones  diurnas  del  bar6metro  es  la  variacidn  de  temperatura.  Kams 
fu6  el  primero  que  di6  la  explicaci6n  conveniente,  con  el  objeto  de  no  hacer 
intervenir  las  mareas  atmosf^rlcas  en  este  fenOmeno.  No  hay  para  que  atribuir 
la  doble  08cilaci6n  barom^trica  a  las  mareas,  cuya  influencia,  en  la  presK^n 
atmosf6rica  es  insigniflcante,  segHn  lo  demostr6  Laplace. 

En  la  Ultima  €poca  de  observaciones  del  Dr.  Carrasquilla,  el  Pbro.  Dr.  Joaquin 
CU^mez  Otero,  practice  tambi^n,  al  mismo  tiempo,  observaciones  meteorol6gicaa 
en  el  Observatorio  anexo  al  Seminario  Conciliar.  De  los  datos  acumulados  por 
el  Dr.  Gdmez  Otero  copiamos  un  cuadro,  correspondiente  a  1886,  que  contlene 
el  resultado  anual  de  las  indicaciones  del  bar6metro,  el  term6metro,  el  sic6> 
metro  y  el  pluvl6metro,  sin  que  en  61  se  hicieran  las  correcdones  al  bar6metro. 

Cuadro  de  las  Observaciones  Meteoroldgicas  hechas  en  el  Seminario  Conciliar^ 
de  Bogotdj  en  el  ailo  de  1886,  por  el  Rector  Joaquin  Q6mcz  Otero. 


Bar<$metio. 

Termdmetro. 

Home- 
dad  rela- 
tlva. 

LlnvlAeD. 

milime> 

tree. 

Meees. 

li&xlma. 

Minima. 

Media. 

M&xlma. 

Minima. 

Media. 

Enero 

0.5609 
0.5612 
0.5611 
0.5608 
0.5602 
0.5614 
0.6612 
0.5612 
0.5609 
0.5618 
0.5606 
0.5604 

0.5551 
0.5544 
0.5570 
0.5567 
0.5560 
0.5577 
0.5676 
0.5572 
0.5569 
0.5577 
0.5555 
0.5563 

0.5500 
0.5584 
0.5503 
0.5590 
0.5503 
0.5593 
0.5697 
0.5696 
0.5589 
0.5582 
0.5585 
0.5586 

22.0 
22.0 
22.0 
20.0 
20.5 
22.0 
21.0 
21.0 
20.5 
20.5 
20.6 

ao.o 

7.0 
6.0 
7.0 
.6.0 
8.0 
5.5 
8.5 
8.0 
8.5 
7.0 
9.0 

ao 

14.0 
14.5 
16.0 
14.0 
14.0 
14.0 
13.5 
14.0 
14.5 
14.0 
14.0 
14.  • 

81 
78 
79 
82 
83 
84 
83 
81 
81 
86 
84 
84 

101.9 

Febrero 

61.3 

Mano 

87.9 

Abrll 

167.0 

Mayo 

143.6 

JUDIO . ,  T , . ,  - 

66.1 

Julio 

87.1 

Agoeto 

116.2 

Septiembre 

180.0 

Ootubre.. 

104.1 

Novlembre 

132.1 

Didembre 

m.& 

Resomen  anual:  Bar6metro— mAxima,  promedlo  mensual,  0.5618;  minima,  promedio  anoal.  0.6644* 
media,  promedio  anual,  0. 6591 .  Term6metro— mAidma.  promedio  anual,  22.0*.  minima,  promedio  anoal* 
5.6:  media,  promedio  anoal.  14.1.    Pluvidmetro— lluvia  durante  el  aflo,  1.3609;  numedad  media,  82. 

NoTA.— So  ignora  la  caliaad  de  los  instrumentos  usadoe,  lo  mismo  que  los  m^todoe  que  se  empkaroa 
Este  cuadro  fudpubllcado  on  los  Anales  de  Instrucddn  Ptlblica. 
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Hasta  el  afio  de  18d3  practic6  obseryaciones  meteorol6gicas  en  el  Observa- 
torio  Naclonal,  el  sefior  Don  Jose  M.  Gronzales  Benito,  y  de  ellas  se  da  una 
mnestra  en  el  cuadro  correspondlente  al  aQo  de  1890,  y  que  coplamos  con  el 
objeto  de  establecer  parang^n  entre  los  m^todos  usados  hasta  1883  y  los  que  ha 
empleado,  de  ese  afio  para  ac&,  el  Dr.  Garavlto,  actual  Director  del  Observatorlo. 

Cuadro  de  las  Obaervaciones  Meteoroldgicas  fiechas  en  el  Observatorio  Astro- 
n&mico  Nacionalt  en  el  aHo  de  1890. 


MesM. 

Bardmetro 

li&xlms. 

mntma. 

Media. 

Bnsro. 

0.56174 
0.56200 
0.56204 
0.56256 
0.56265 
0.56250 
0.56255 
0.66263 
0.56250 
0.56207 
0.56163 
a  66221 

0.55060 
0.66012 
0.56020 
0.56038 
0.56064 
0.06073 
0.56105 
0.56067 
0.56066 
0.66097 
0.55057 
0.56001 

0.56067 

Febreco 

0.56106 

M*r»« 

0.56112 

Abril 

0.66147 

Mayo 

0.66164 

Jm&o 

0.56166 
0.56180 
0.56175 
0.56158 
0.56102 
0.56060 
0.56112 

Julio 

Septiemim 

0(^bre. 

NoTtombre 

Dldembre 

Termdmetro 

Hume- 

Lluvlaen 

dad 

mill- 

relativa. 

M&xima. 

Minima. 

Media. 

metros. 

72 

1&58 

8.78 

18.18 

178w9 

68 

17.60 

8.43 

13.06 

076.7 

64 

17.50 

8.67 

13.13 

068.0 

77 

17.68 

10.18 

13.93 

198.6 

77 

17.75 

10.18 

13.96 

131.8 

63 

18.17 

9.97 

14.07 

026.0 

67 

17.38 

8.90 

13.14 

045.7 

67 

17.10 

8.30 

12.70 

094.5 

62 

16.91 

8.80 

12.90 

035.7 

76 

17.42 

8.66 

13.04 

204.4 

77 

17.36 

9.44 

13.40 

216.3 

74 

17.40 

8.80 

13.10 

058.9 

Resumenannal:  Bardmetro,  m4xima  promedio  anual,  0.56226;  minima,  promedio  anual.  0.56022;  media 
promedlo  anual,  0.56124.  Termdmetro— mAxIma,  promedio  anual,  17.67;  minima,  promeoio  anual,  9.10; 
media,  promedio  anual,  13.38.    Pluvidmetro— lluvia  durante  el  afio,  lm3355;  humedad  media,  70.3. 

NoTA.--E8te  ouadro  fa6  publicado  en  los  Anales  de  Inatruocidn  Pdblica.  Las  obwrvadones  se  hicieron 
con  instrumentos  del  Ob^iervatorio. 

Termlna  aquf  la  resefia  hlst6rlca  que  se  refiere  a  la  marcha  de  los  estudios 
meteorol6glcos  en  el  pals,  haclendo  notar  que,  ahora,  cuando  merced  a  lu 
colaboracl6n  de  los  llustrados  P.  P.  Agusdnos  de  Barranquilla  y  de  las  estaeloiies 
meteorol^gicas  de  las  Unlversldades  de  Antloqula  y  del  C&uca,  se  puede  orga- 
nlzar  un  servldo  central  de  Meteorologla ;  y  que  los  conoclmlentos  del  Dr. 
Garavlto,  su  pr&ctica  y  lo  acertado  de  su  dlreccl6n,  har&n  que  los  estudlos 
nieteorol6glcos  en  Colombia  se  pongan  a  la  altura  de  los  llevados  a  cabo  en 
otras  Reptiblicas  de  AmMca. 

di8Tbibuci6n  de  las  ixuvl^s  en  las  difebentes  begiones  del  PAis. 

En  el  croquls  cartogrdfico  *  que  acompafia  al  presente  estudlo,  se  encuentran 
marcadas,  con  tlnta  negra  sobre  fondo  azul,  las  dlferentes  reglones  que 
presentan  caracterlstlcas  pluviom^trlcas  dlferentes,  y  que  merecen  estudlo 
especial,  pues  del  conodmlento  complete  de  tales  caracterlstlcas  y  de  sus  modlft- 
caclones,  se  deduclrft  el  cllma  general  de  la  ReptXbllca,  junto  con  algtSn  plan 
que  gule  al  Mlnlsterlo  de  Agrlcultura,  en  sus  conceslones  sobre  terrenes  baUlt(»s 
y  en  sus  dlsposlciones  sobre  lrrigaci6n  y  leglslacl6n  de  aguas. 

Hasta  ahora,  por  mil  causas  Independlentes  de  la  voluntad  del  Supremo 
Ck)blerno,  atln  no  se  ha  organlzado  un  serviclo  meteorol6gico  centrallzndo  ooii- 
venlentemente  y  que  se  proponga  obtener  los  dates  apuntados  arrlba.  Por  eso 
esta  parte  del  presente  estudlo  adolece  de  Indetermlnaciones  Inevitables,  pues,  en 
su  desarrollo  hemes  tropezado  con  falta  de  observaclones  ordenadas,  precisas  y 
sobre  todo,  reducldas  a  un  centre  comiin.  En  la  mayor  extensldn  del  pais  los 
resultados  de  las  observaclones  meteorol6glcas  practlcadas,  se  presentan  alsla- 
dos,  espor&dlcamente  disperses,  y  en  muchas  ocaslones,  ofrecen  poco  cr^dlto. 
Solo  de  Bogotfi.  y  de  la  Sabana  de  Bogotft,  existe  un  acopio  suflclente  de  datos 
pluvlom6trlcos  fldedlgnos,  que  cubra  un  espacio  de  tlempo  considerable;  pues, 
aunque  en  algunas  otras  poblaclones,  coino  Barranqulla.  Popay&n  y  Medellfn, 


>  Omitido. 
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se  han  hecho  observaciones  regulares,  ^tas  no  son  ni  tan  continuadas,  ni  tan 
completas  como  las  practicadas  en  Bogota.  Los  datos  que  se  refieren  a  otras 
regiones  del  pals,  como  se  acaba  de  declr,  son  muy  escasos,  y  en  su  mayor  parte 
se  deben  a  vlajeros  que  han  recorrido  de  prisa  el  territorlo. 

Los  Observatorios  permanentes,  dotados  de  pluyi6metros,  que  actualmente 
funcionan  en  Barranquilla,  Popayftn  y  MedelUn  son:  en  BarranquiUa,  uno  a 
cargo  de  los  R.  R.  P.  P.  Agustlnos,  en  PopayAn,  otro  a  cargo  de  un  profesor 
franco  que  depende  de  la  Univresidad  y  en  Medellfn,  el  Observatorio  Meteoro- 
16gico  de  la  Universidad  de  Antloquia. 

En  t^rminos  generates  podemos  describlr  las  condlciones  de  humedad  y  de 
lluvla  del  territorlo  de  la  RepUblica,  dlciendo  que  la  precipitaci6n  acuosa  es 
considerable,  como  corresponde  a  una  comarca  situada  en  la  zona  t6rrida, 
aunque  en  algunas  localidades  la  precipitaci6n  anual  es  m^  bien  escasa, 
bajando  en  clertos  puntos  por  debajo  de  600  mm.,  lo  que  parece  poco  para  an 
clima  tropical. 

Son  htimedas,  con  grandes  preclpltaclones  casl  continuas,  las  costas  occiden- 
tales,  sobre  todo  en  la  regi6n  comprendlda  entre  los  rlos  Mira  y  Micay,  por 
toda  ia  hoya  baja  del  Patia,  y  de  los  rfos  SanQuianga  e  lBcuand6  y  la  falda 
occidental  de  la  cordlllera,  hacla  el  occldente  de  TiSquerres,  Pasto  y  Popaydn. 
Segiin  estimaciones  proplas  y  del  Dr.  Fortunato  Pereira,  la  cantldad  de  lluvia 
en  Altaquer,  por  ejemplo,  pasa  anualmente  de  tres  metros.  En  Barbacoas  no 
hay  estacl6n  seca  y  en  Tiimaco  llueve  contlnuamente  con  intervalos  solo  de 
unos  tres  o  cuatro  dfas  secos. 

Se  presentan  tambl^n  grandes  preclpltaclones  anualea  en  la  hoya  del  r£o 
Atrato,  por  todo  el  centro  del  Choc6,  en  la  vertlente  N.  de  la  Sierra  Nevada  de 
Santamarta,  en  la  hoya  del  rfo  Zulia  y  en  las  regiones  de  los  grandes  rfos, 
ailuentes  del  Amai5onas,  mds  hacia  el  Sur  del  rfo  Ariari,  En  la  falda  septen- 
trional de  la  Sierra  Nevada  de  Santamarta,  en  la  comarca  que  derrama  sua 
aguas  al  lago  de  Maracaiho  y  en  las  costas  sobre  el  Pacfflco,  las  abnndantes 
lluvias  y  la  carencia  de  una  estacl6n  seca  definlda  pueden  ser  atrlbuldas  a  los 
vientos  allslos  relnantes ;  como  se  ve  por  el  hecho  de  que,  cuando  las  montafias 
se  alejan  de  la  costa  o  se  hacen  m&s  bajas,  dlsminuyen  las  preclpltaclones 
atmosf^ricas  hasta  por  debajo  de  500  mm.  por  aflo.  Asf  pues,  los  valles  formados 
por  las  Cordilleras  Interlores,  presentan  pecullarldades  locales  que  dependen, 
entre  otras,  de  esta  circunstancia.  Generalmente  las  vertlentes  merldlonales 
de  los  valles,  al  Norte  de  la  Repiibllca,  ofrecen  la  caracterfstlca  de  una  pre- 
clpltacI6n  escasa,  como  sucede  en  la  vertlente  S.  E.  de  la  Sierra  Nevada  de 
Santamarta,  en  la  hoya  del  rfo  C^ar,  en  los  alrededores  de  Rlohacha  y  en 
toda  la  extensl6n  de  la  Peninsula  de  la  Goagira. 

Desde  1°  hasta  12**  de  latltud  norte  no  son  Iguales  las  estnclones,  es  declr 
las  6pocas  de  sequedad  y  de  lluvla,  por  cuanto  Influye  la  latltud  asl : 

En  la  region  comprendlda,  poco  mAs  o  menos,  entre  los  S*  de  latltud  norte 
y  el  ecuador,  hay  dos  estaclones  lluvlosas  y  dos  de  sequfa,  mientras  que  mAs  al 
norte  no  hay  mfis  que  una  estncic^n  seca  y  otra  de  Uuvlas.  Esto  por  supuesto,  no 
es  general,  ya  que  en  la  vecindad  del  ecuador  la  fljeza  relatlva  de  las  estaclones 
depende,  fuera  de  las  varlaclones  de  las  Ifneas  isotermas  y  de  los  mo^imlentos  de 
la  zona  de  calmas,  de  las  condlciones  pecullares  de  cada  localldad. 

En  Bogotd,  a  los  4°  36'  de  latltud  norte,  las  estaclones  secas  duran  de  enero 
a  febrero  y  de  junio  a  septlembre,  correspond lendo  los  mdxlmos  de  lluvla  a 
abrll  y  a  novlembre  (o  a  octubre).  En  Medellfn,  a  los  6°  8',  la  estacl6n  mAs 
seca  es  la  correspond lente  a  enero  y  febrero,  slendo  mayo  y  octubre  los  meses 
d^  las  grandes  lluvias.  En  Cartngena,  a  los  10'  25'  de  latltud,  cesan  casl  com- 
pletamente  las  lluvias  de  enero  a  abrll,  extendl^ndose  la  estaci6n  seca  de 
dlclembre  a  mayo,  o  sea  por  espacio  de  clnco  meses.  La  4poca  de  lluvias  tlene 
dos  mAxlmos,  uno  a  fines  de  mayo  y  otro  en  octubre. 
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Teniendo  cuenta  de  las  condiclones  locales  se  puede  decir  que  en  las 
altiplanicies  de  Cundinamarca  y  Boyacd,  y  en  la  regi6n  centrr  1  del  valle  del 
Magdalena,  se  presentan  dos  estaciones  lluviosas:  la  de  marzo,  ;.bril  y  mayo  y 
la  de  octubre,  novlembre  y  diciembre.  Los  vlentos  que  corren  por  sobre  los 
Llano8  de  Casanare  modiflcan  sensiblemente  estas  estaciones ;  corao  sucede,  por 
ejemplo,  en  Chocontd,  lugar  al  Norte  de  Bogotd,  donde  llueve  poco  en  marzo  y 
abril,  con  mAs  persistencla  en  mayo  y  junio,  mucho  en  julio  y  agosto  y  poco  en 
septiembre,  octubre  y  novlembre.  En  estos  Llanos  de  Casanare,  tal  como 
sucede  t^l  norte,  se  presentan  seis  meses  de  sequfa  y  seis  de  lluvia,  cuya  mayor 
intensidad  coincide  con  el  mdximo  de  preclpltaci6n  en  Chocontd  y  otros  lugares 
al  Norte,  situados  en  valles  secundarios  de  la  Cordillera  Oriental.  En  Caqueza, 
poblaci6n  situada  al  S.  E.  de  BogotA,  se  bace  sentlr  de  parte  de  los  Llanos  de  San 
Martin^  la  misma  influencia  que  las  llanuras  de  Casanare  ejercen  sobre  la 
precipitaci6n  acuosa,  en  lugares  pr6ximos  a  la  falda  oriental  de  la  Cordillera. 

En  los  Llanos  de  las  riberas  del  Meta  y  del  Alto-Orinoco  se  presentan  dos 
estaciones  claramente  marcadas;  extendi^ndose  la  estaci6n  btimeda  de  fines 
de  abril  a  tines  de  octubre;  en  tanto  que  al  pie  de  la  Cordillera,  del  rio  Arlari 
hacia  el  Sur,  llueve  abundantemente  casi  todo  el  afio,  caracterizdndose  la  region 
por  eztensfsimas  selvas,  grandes  rlos,  y  una  preclpltaclfin  abundante  que,  segtin 
Codazzi,  no  puede  bajar  de  2.50  a  3.00  metros  por  afio.  De  estas  regiones  dice 
Felipe  P^rez: 

"lyos  vientos  Alfsios  del  S.  E.,  que  comienzan  a  soplar  cerca  del  paralelo  de 
30**  o  35*  S.,  tambi^  atraviesan  oblicuamente  el  -Atldntlco  e  Inciden  perpendicu- 
lares  sobre  la  costa  suramericana  que  se  extiende  desde  el  Cabo  de  San  Roque 
hasta  el  Cabo  de  Homos,  penetrando  en  el  interior  cargados  de  nubes  y  nieblas, 
de  las  cuales  se  desprenden  antes  de  pasar  por  encima  de  los  Andes.  La  cantldad 
de  agua  que  trasportan  a  aquellos  pafses  de  estupenda  fertilidad,  puede  calcu- 
larse  por  la  que  los  rfos  Plata  y  Amazonas  devuelven  al  Oc^ano.  En  suma,  la 
Tierra  no  prese^ta  entre  los  Tr6picos  nfnguna  re^6n,  que  como  ^stas,  tenga 
delante  de  sf  y  bajo  el  dominlo  de  los  vientos  alfsios,  una  extensl6n  igual  de 
mar ;  de  donde  resulta  que  no  hay  en  el  mundo  pais  intertropical  tan  prof usa- 
mente  dotado  de  rfos  como  la  vasta  hoya  del  Amazonas." 

"Los  dos  sistemas  de  vientos,  el  del  N.  E.  y  del  S.  E.  coinciden  en  el  interior 
de  la  America  del  Sur,  entre  el  Ecuador  y  el  Istmo  del  Darl^n.  En  este  lugar 
reinan  las  calmas  y  los  grandes  aguaceros." 

"Las  circunstancias  mencionadas  y  otros  agentes  meteor ol6gicos  dividen  las 
estaciones,  en  la  parte  septentrional  de  la  America  del  Sur,  en  seis  meses  de 
aguaceros  constantes  y  seis  meses  de  tieppo  sereno." 

"No  sucede  asf  en  la  hoya  del  Amazonas,  y  menos  todavfa  en  el  CaquetA, 
puesto  que  en  61  caen,  durante  algunos  meses  del  afio,  continuos  aguaceros,  y 
lluvias  ocasionales  en  los  restantes,  tanto  por  la  conflguraci6n  de  las  Cordilleras 
de  los  Andes,  cuanto  porque  la  mayor  parte  de  los  terrenos  bajos  se  encuentra 
en  la  zona  de  las  calmas." 

"  Es  b^en  sabido  que  las  causas  de  los  vientos  son  un  efecto  de  la  diferencia  de 
temperatura  de  dos  puntos  pr6ximos  entre  sf,  pues  entonces  se  establece  una 
corriente  Inferior,  que  va  de  las  partes  m6s  frfas  hacIa  los  puntos  cdlidos,  y 
otra  superior  que  se  dirige  de  ^tos  a  las  partes  frfas.  De  las  altas  Cordilleras 
de  Quito  y  Pasto  bajan  corrientes  de  aire,  tanto  del  lado  de  Occidente  como  del 
Septentridn,  hacia  los  terrenos  que  se  encuentran  cerca  del  ecuador,  en  la 
regi6n  de  las  calmas,  calentados  en  extremo  por  los  rayos  perpendiculares  del 
sol ;  esta  es  la  6poca  del  verano  en  Mocoa  y  sus  inmediaciones,  6poca  de  fuertes 
vientos  que  coincide  con  los  meses  de  diciembre,  enero  y  febrero,  y  una  parte 
de  marzo.    Es  en  esa  fipoca,  es  decir  del  17  al  21  de  marzo  que  el  sol  pasa  del 
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henilsferio  austral  al  hemisferio  boreal,  y  su  presencia,  en  el  c6nlt  de  estos 
pafses  calienta  y  enrarece  continuamente  la  atm6sfera;  r6mpese  pues  el  equi- 
librio  a  cada  momento ;  cond^nsanse  los  vapores  suspendidos  en  el  aire  y  caeo 
lluvias  copiosas,  que  en  abril,  determlnan  las  primeras  crecientee  de  los  grandes 
afluentes  del  Orinoco  y  del  Amazonas.  Los  meses  de  mayo,  Junio,  Julio  y 
agosto  son  la  6poca  de  las  fuertes  Uuvias  en  estos  pafses.  Del  18  al  28  de 
septiembre  el  sol  ha  pasado  otra  vez  al  hemisferio  austral;  entonces,  en  este 
mes  y  en  los  de  octubre,  noviembre  y  diclembre,  hay  lluvias  interrumpidas  por 
algunas  semanas  de  buen  tiempo,  por  raz6n  de  que  los  vientos  de  las  cordiliecas 
trastoman  el  equilibrio,  soplando  a  veees  en  direccioues  opuestas. 

Ooncret&ndonos  a  Bogotd  y  a  la  Sabana  de  su  nombre,  podemos  estudiar  las 
precipitaciones  acuosas  anuales  desde  el  aflo  de  1866  hasta  el  afio  1914,  coniu 
se  ve  en  el  dibujo  adjunto,  que  flgura  con  el  tftulo  **  Ordftoo  de  las  lluvias  en  la 
Cabana  de  Bogotd,  en  los  anos  de  1866  a  1914."  *  En  este  dibujo  se  encuentran 
las  cantidades  de  lluvia  cafdas,  expresadas  anualmente  en  mllfmetros,  y 
figurada^  por  ordenadas  a  la  escala  de  1/10. 

Cuadro  que  maniflesta  las  cantidades  de  lluvia  caidas  en  la  Sabana  de  Bogota^ 
en  los  afU)s  trasourridos  de  1866  a  1914. 


Aflo. 

Oantidad. 

Afio. 

Cantldad. 

Aflo. 

1866 

Mm. 
1.0208 
0.8894 
1. 1614 
0.9506 
1.3856 
1.3659 
0.9451 
0.8819 
1.2205 
1.1762 
1.1646 
0.9133 
1.1927 
1.6337 
1.2396 

1883 

Mm. 
0.8128 
0.9454 
1.3109 
1.1387 
1.0797 
0.9280 
1.1747 
1.2322 
1.0982 
1.1850 
1.1580 
1.1192 
0.7908 
1.2710 
1.1711 
1.0397 
0.9286 

1900 

Mm. 
1.0097 

1867 

1884 

1901 

0.fl83S 

1868 

1885. 

1902 

0.7744 

I860 

1886 

1903 

0.9870 

1870 

1887 

1904 

0.9067 

1871...  . 

1888 

1905 

0.9B00 

1872 

1889 

1906 

0.8M5 

1873 

1890 

1907 

1.1908 

1874 

1891 

1908 

1.07M 

1876 

1892 

1909 

0.9346 

1876 

1893 

1910 

1.4548 

1877 

1894 

1911 

0.8MS 

1878 

1895 

1912 

0.M78 

1879 

1896 

1913 

1914 

1.068S 

1880 

1897 

asiftt 

1881 

1.1396 
0.0JM9 

1898 

1882 

1899 

NoTA. — De  efltOB  aflOB,  el  de  mayor  lluvia  fu4  el  de  1870.  en  que  cay6  la  cantldad  de 
1  metro  683.4  mm.  ylniendo  despu^a  el  de  1010  con  una  eantidad  de  1  m.  466  mm.  (Eki 
este  afio  se  presentaron  inundaciones  en  la  Sabana  de  Bogot&  y  en  el  valle  del  Magda- 
lena).  El  afio  de  mayor  sequedad  fu6  el  de  1882,  pues  solamente  cayeron  0  metroa 
695  mm.  Por  consisruiente,  los  afios  de  1879  y  1882  marean  los  Ilmltes  extremos  dentro 
de  los  cuales  oscila  la  cantldad  de  agua  caida  en  la  Sabana  de  BogotA. 

Cuadro  que  maniflesta  las  cantidades  de  Uuma  caidas  en  Bogotd  en  los  ailoa 

de  1894  a  i915. 


AftOB. 

Enaro. 

Feb. 

Mar. 

Abr. 

Maya 

Junio. 

Julk). 

As:t0. 

Sept, 

Oct. 

Nov. 

Die 

1894 

137.2 
35.9 

ioa9 

116.7 
70.6 
42.2 

130.2 
18.4 

112.3 
30.3 
47.0 
63.7 
19.6 
29.3 
7B.0 
30.8 

132.2 
47.3 
52.1 
19.9 
29.4 
41.6 

44.0 
2.1 
69.0 
24.4 
121.4 
19.6 
89.4 
40.4 
37.4 

4ao 

68.8 
15.0 
70.8 

113.7 
53.9 

116.2 
62.0 

13a  1 
58.5 
34.0 
30.8 
86.6 

81.5 
5.0 
56.9 
92.0 
129.4 
128.8 
100.4 
57.9 
158.3 
31.6 
16a  6 
48.2 
58.2 
206.9 
120.2 
9.0 
218.5 
91.6 
63.7 
79.2 
23.4 
20.0 

216.9 
131.2 
333.3 
57.9 
98.0 
74.8 
91.7 
46.9 
87.6 
101.8 
175.0 
112.2 
178.7 
193.3 
80.5 
113.8 
79.6 
179.3 
104.4 
244.4 
172.0 
135.0 

12a  4 
50.3 
118.2 
213.2 
103.7 
73.5 
134.8 
74.4 
62.0 
77.5 
117.4 
96.8 
108.4 
90.1 
34.8 
138.4 
241.3 
106.1 
52.8 

loao 

2L7 
136.2 

53.5 
18.7 
25.8 

oao 

65.0 
62.7 
3a4 
16.0 
23.6 
107.2 
22.1 
48.5 
81.6 
61.2 
32.8 
70.8 
85.0 
50.4 
26.6 
46.7 
22.0 
66.6 

39.4 
36.4 
16.5 
16.5 
45.2 
42.5 
32.4 
56.4 
9.8 

ia2 

34.6 
23.4 
46.9 
68.8 
38.7 
87.6 
114.4 
35.1 
46.1 
17.2 
13.0 
49.6 

47.1 
85.8 
80.7 
47.6 
49.0 
21.1 
54.6 

107.2 
24.9 

103.8 
3a4 
15.0 
34.1 
37.9 
55.4 
58.5 
31.2 
18.6 

113.8 
18.4 

4ao 

114.4 

2a6 
7.1 
76.4 
74.1 
75.4 
68.1 
39.4 
41.4 
50.2 
4a5 
35.0 
96.0 
11.2 
73.8 
79.2 
47.2 
79.2 
6.0 
58.5 

18a  4 

13.9 

4.8 

186.8 
155.4 
106.8 
187.0 
155.8 

i2ao 

21L6 
194.0 
83.6 
64.0 
154.8 
127.2 
136.0 
105.3 
267.8 

iiao 

209.4 
46.2 
90.7 
127.0 
136.1 

i3ao 

80.8 
13L9 
167.9 
201.7 
90.3 
246.3 
113.8 
212.5 
107.5 
149.4 
34.2 
19&6 
09.2 
9a8 
106.8 
88.4 
79.2 
87.8 
192.2 
137.4 
214.8 

SSLl 

1895 

68.0 

1806 

100.6 

1897 

14a  0 

1898 

27.5 

1809 

soil 

1900 

4.0 

1901 

67.8 

1902 

27. 8 

1903 

10&6 

1904 

26.8 

1905 

145w4 

1906 

40.0 

1907 

68.2 

1908 

i2ao 

1909 

54.0 

1910 

12X8 

1911 

1912 

88.4 

80.2 

1913 

84.0 

1914 

108. 7 

1916 

'V^aaeflg.  1. 


ASTBONOMY,  METEOBOLOGY,  AND  SEISMOLOQY. 


755 


6843G— VOL  u— 17 18 


756       PBOCEEDINGS  SECOND  PAN  AMEBICAN  SCIENTIFIC    COK^GBESB. 

Los  datos  de  18G6  a  1803  fueron  tornados  cuidadosamente  por  el  SeQor  Dr. 
Juan  de  DIos  CarrosquiUa,  en  tin  Ingar  proximo  a  la  ciudad  de  BosotH,  sitiuido 
d«)tro  de  los  Ifmltes  de  la  altlplonlcie,  y  en  condlciones  semejantes,  de  preti6n 
J  temperatura,  a  las  de  Bogota ;  en  tanto  que  las  correspondlentes  al  iDt^^olo 
comprendldo  entre  1894  y  1014  se  dedacen  de  observaclones  practlcadas  en  ti 
Ob8en*atorio,  con  an  mlsmo  plavl6metro  que  fu^  comporado  tUtimameiite  cod 
otro  de  tipo  dlferente. 

Durante  los  velntisiete  afios  anotados  por  el  Dr.  Carrasquilla,  el  prmnedlo 
anual  es  de  1"'.1053,  en  tanto  que,  de  1894  a  1914  este  promedio  es  pr6ylmnmente 
de  I'.OIO.  La  dlferencia  apuntada  puede  atrlbulrse  a  condidones  locales  o  a 
diferenclas  llgeras  en  los  Instrumentos  usados  (no  se  sabe  cual  fu^  el  plnvM- 
metro  eropleado  por  el  Dr.  Carrasquilla).  Parece  que  prlva  la  prlmera  causa, 
por  cuanto  el  lugar  de  obserracldn  escogido  por  el  Dr.  Carrasquilla  qaeda  eo 
proxlmldad  a  la  serrania  occidental  de  la  altlplanlde,  donde  la  condeiisaci6o  es 
un  poco  mayor  que  en  BogoUl. 

De  todas  maneras,  la  dlferenda  es  Inslgnificante  y  demuestra  que»  para  C1la^ 
quler  lugor  de  la  altlplanide,  el  promedio  anual  de  la  precipltad6n  es  prdxlma- 
mente  de  un  metro,  y  que  la  poUgonal  trazada,  desde  180G  Imsta  1014,  corree^ 
ponde  bastante  blen  a  las  cantldades  de  agua  caldas  en  los  lugares  sitaados 
en  condlciones  an&logas,  como  Tunja,  Ubat6,  Sogamoso  y  demils  poblaciooes 
colocadas  en  la  parte  central  de  lo  Oordlllera  OrlentaL 

En  el  cuadro  respectlvo,  se  pone  de  manlfiesto  que  durante  el  lapso  compren- 
dldo entre  18GG  y  1914  (un  espaclo  de  48  aQos),  el  afio  mils  seco  en  la  Sabana 
de  Bogota,  es  dedr,  el  de  menos  predpltacl6n,  fu6  el  de  1882,  al  cual  corresponde 
una  cantidad  cafda  de  0.  m.  QQ5  y  el  de  mayor  lluvia,  el  de  1870,  con  una  preclpl- 
tacl6n  de  1  m.  (135.  De  suerte  que  la  dlferenda  de  0  m.  039  es  casl  una  vez  y 
media  el  minimum  registrado. 

Asf  pues,  los  Ifmltes  entre  los  cuales  osclla  la  cantidad  de  lluvia  registrads 
anualmente,  se  encuentran  ton  separodos  que,  Juntamente  con  la  ninguna  perio- 
dicidad  (como  se  ve  observando  el  grdfico  respect ivo),  no  permiten  preveer 
nada  al  respecto.  A  un  afio  seco  sucede  otro  mds  seco  u  otro  hilmedo ;  puedeo 
presentarse  dos  afios  seguidos  con  precipitaci6n  abundante,  o  un  afio  muy  seco 
y  otro,  a  continuaci6n,  de  llurias  excepdonales,  sin  que  en  esto  medle  ley  de 
ninguna  clase,  ni  se  encuentre  period©  definido.  Por  estas  razones  la  previsi6B 
del  tlempo  en  las  altiplanicies  y  vertlentes  de  la  cordlllera,  que  se  encuentren  en 
condlciones  semejantes  a  las  de  la  Sabana  de  Bogotd,  parece  prdcticamente 
imposible. 

Ck>roprueba  esta  afirmaci6n  el  hecho  de  que  registrando  en  los  cuarenta  y  ocbo 
afios  dlchos,  las  variacioncs  de  la  actividad  solar,  no  se  encuentre  corresponden- 
da  entre  los  mdximos  y  mfnlmos  de  ^ta  (mayor  o  menor  superficie  mancbada 
del  sol ) ,  con  las  precipitaciones  acuosas  mdxiraas  o  mfnimas. 

SegiSn  Flammarion,  en  los  afios  de  1872, 1883, 1893  y  1004,  que  corresponden  al 
cfclo  hallado,  de  diez  a  doce  afios,  se  debe  registrar  el  mdximo  de  actividad  solar, 
con  calmas  correspondlentes  a  los  afios  de  1880  y  1001.  Ahora  bien,  tales 
mdximos  de  actividad  no  coinciden  en  manera  alguna,  con  las  r6ayores  precipi- 
taciones, nl  los  perfodos  de  calma  con  los  afios  de  menor  precipitacion ;  de  suerte 
que,  por  lo  menos,  en  Ins  altiplanicies  de  la  zona  intertropical  americana,  nada 
tienen  que  ver  las  manchas  solares  con  la  precipitadOn  anual.  Esta  es  entera- 
mente  caprlchosa  y  no  se  sujeta  a  ley  ninguna  conocida.  Ni  siqulera  se  com- 
prueba  la  existencia  del  cicJo  de  Bruckner,  de  treinta  y  dnco  afios. 

Conviene  advertir  que  los  afios  de  mAs  grandes  lluvlas  y  los  de  mayor  seque- 
dad,  reglstrados  en  la  Sal)ana  de  Bogotd,  concuerdan  con  los  mayores.inviernoff 
(^pc»cn8  de  lluvia)  y  con  los  grandes  veranos  (Spoons  secas)  que  se  registran  en 
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l08  Talles  grandes,  situados  entre  las  cordilleras  principales,  tales  como  el  valle 
del  Magdalcna  en  su  parte  central.  En  loo  afios  de  1879  y  1010  ocurrleron 
gmndes  inundaciones,  tonto  en  la  Sabana  de  Bogotd,  como  en  el  Tolima  y  en  el 
Baja-Maodalena, 

Considerando  ahora  la  dlstrlbnddn  de  la  llxiTla  en  todos  los  meses  del  afio, 
Teamos  los  dibujos  que,  bojo  el  tltulo  de  "  Grdflco  de  lat  Uuvias  en  Dogoid  "/ 
ponen  de  manifesto  las  cantldades  cafdas  mes  por  mes,  desde  1804  hasta  1015, 


Fio.  2*. 

En  esos  dibnjos  las  ordenadas  representan  con  la  escala  de  1/10,  la  UtiYla 
mensual,  en  milfmetros,  registrada  en  el  Observatorio  de  Bogotd. 

Como  las  cantldades  correspondientes  al  mlsmo  mes,  se  corresponden  en  Ifnea 
vertical,  es  fdcil,  a  simple  vista,  comparar  un  alio  cualquiera  con  el  normal, 
cnya  poligonal  encabeza  el  cuadro.  El  afio  normal  presenta  dos  estacloncM?; 
Uuviosas  y  dos  secas. 


» Vtense  Pig.  2*  y  2». 
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De  la  Inspecci^n  de  las  flguras  aparece  que  es  raro  el  afio  que  en  la  dlstribu- 
Mn  de  la  lluvla  se  aproxime  al  normaL  A  veces  sucede  que  se  presenta  an 
avance  en  las  estadones,  otras  veces  que  ocurre  nn  retardo  y  otras,  como  en  el 
afio  de  1900  (en  que  los  meses  de  marzo,  abril  y  mayo  fueron  de  menor  Uuvia 
que  los  restantes  del  afio)  en  que  se  invlerten  las  estaciones  y  se  altera  comple- 
tamente  el  orden  de  los  fen6menos  meteoroldglcos. 

Para  juzgar  de  las  alteraciones  que  pueden  ocurrir  en  la  dlstribucl6n  mensual 
de  la  lluvla,  se  dibuj6  el  "  Qrdflco  de  las  Uuvias — Camparacidn  {en  mUimetroM} 


Fio.  2* 

de  las  cantidades  caidas  en  todos  los  mescs  del  a&o,  en  el  irasourso  compretMdo 
entre  im  y  lOtsr* 

En  el  dibujo  en  cuestl6n,  aparecen  daramente  mercadas  las  cantidades  cafdas 
eu  los  doce  meses  del  afio,  desde  18D4  a  1015 ;  alll  se  echa  de  ver  que,  si  en  las 
precIpItQcIones  anuales  hay  Irregularldad  manlflesta,  en  las  preclpitaclones 
mcnsuales  tambl^n  se  presentan  Irregularldades  notables.    Por  ejemplo,  durante 

•  Vtene  Fig.  8. 
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los  velntlun  aflos  a  que  se  refierd  el  cuadro,  el  uies  de  abrll  vari6  de  un  mfnlmo 
de  40.9  mm.  (en  1001)  a  un  mdximo  de  333.3  mm.  (en  1896) ;  el  mes  de 
Junlo  vari(5  de  un  mdximo  (107.2  mm.)  en  1903  d  cero,  en  1897,  Las  oscila- 
clones  mensuales  pueden  pues,  ocurrlr  entre  los  dos  Hmites  extremos :  0  mm.  y 
833.3  mm.  Dentro  del  mlsmo  mes  ocurren  alteraciones  frecuentes,  presen- 
tdndose  la  lluvia  en  grandes  aguaceros  (se  ban  registrado  aguaceros  torren- 
clales  que  ban  pasado  de  50  mm.)  o  en  forma  de  lloviznas  continuas. 

Los  hechos  consignados  basta  abora  demuestran,  a  nuestro  modo  de  Ter,  que 
las  previsiones  que  se  refleren  a  la  lluvia  son  infundadas.  El  mismo  Dr.  Ca- 
rrasquilla,  qufen  habfa  llegado  a  creer  posible  la  previsiOn,  por  medio  de  ud 
estudlo  detenido  de  cada  localUlad,  de  la  distribuci6n  de  la  lluvia,  se  convencid, 
despues  de  treinta  afios  de  observaciones,  de  que  esto  era  casi  Imposible.  En 
1894  escribfa: 

"  Hasta  boy,  por  las  observaciones  practicadas,  por  el  estudio  de  los  cuadros 
meteorol6gicos,  podemos  decir  que  bay  en  el  aDo  dos  estaciones  lluviosas  y  do9 
secns,  y  explicarlns ;  pero  de  abf  no  pasan  nuestros  conocimientos ;  al  trntnr  de 
apllcarlos  a  determinado  dfa  fracasamos.  Para  ello  serfa  preciso  estudiar 
mejor  la  meteorologfa  de  cada  lugar;  fijar  con  todo  rigor  la  direccion  e  inten- 
sidad  de  coda  viento  local,  y  tener  para  ello  en  cuenta  todas  las  circuustanciaB 
del  meteoro  que  se  estudla. 

"Hay,  sin  embargo,  datos  que  sirven  para  simpliflcar  el  problema  y  que 
tlenden  por  consiguiente  a  su  resoluci6n.  Hemos  demostrado  con  observa- 
clones  precisas,  que  las  varlaciones  de  la  presi6n  no  influyen  directamente 
Bobi*e  las  lluvias;  podemos  pues,  prescindlr  de  las  varlaciones  de  la  presiOu 
para  el  estudio  de  las  lluvias. 

"  Las  fases  de  la  luna,  que  tanto  ban  dado  que  declr,  no  ejercen  la  raenor 
influencia  sobre  las  lluvias,  como  ya  varias  veces  lo  bemos  demostrnda  EIn 
efecto,  examinando  los  cuadros  de  observnciones  meteorologicas,  en  que  estdn 
anotados  los  dfas  de  lluvia  y  su  cantidad,  por  una  parte,  y  las  fases  de  la  luno, 
por  otra,  no  es  posible  Imllar  ninguna  relaci6n  que  permita  atribulr  a  la 
Influencia  lunar  la  causa  de  las  lluvias. 

*'  Podemos  pues,  suprimir  la  influencia  lunar  en  el  estudio  del  problema  de 
las  lluvias,  y  concentrnr  toda  la  atenciOn  a  los  vientos,  que  a  su  turno  son 
man  if  estaciones  de  las  diferencins  de  temperatura  que  se  bacen  en  la 
atmdsfera.  Este  es  el  punto  esencial,  aqui  estd  la  soluciOn  del  problema. 
Blientras  no  se  bagan  numerosos  los  observntorios  meteorologicos,  no  se  puede 
esperar  nada,  porque  las  observnciones  nislndas  no  permiten  llegnr  a  un 
resultado  satlsfactorio.  Ck)nociendo  la  direcci6n  del  viento  en  distintns 
loailldndes,  situadas  a  poca  distancia  unas  de  otras,  se  podria  esperar  este 
resultado;  en  una  sola  estaci6n  es  casi  Imposible." 

Se  puede  avanznr  un  poco  mds  la  tesis  del  Dr.  Oarrosquilla,  observando 
que,  como  la  presion  atmosf^rica  varfa  muy  poco  y  el  bar6metro  no  sirve,  lo 
mismo  que  en  las  zonas  templadas  para  anunctar  cambio  de  tiempo,  en  la 
eona  ecuatorial  quedan  generalmente  indetermlnadas  las  relaclones  de  bumedad 
y  condensaci6n  en  las  altas  regiones  de  la  atmosfera. 

La  extremada  movilidad  de  la  atm6sfera  se  bace  sensible  basta  en  un  reclnto 
cerrado,  en  donde  el  aire  est6  aparentemente  en  reposo;  alll  un  rayo  lumlnoso 
pone  de  manifiesto  parttculas  ligeras  en  suspension,  que  se  mueven  en  todos 
sentidos  con  velocidades  variables,  segdn  corrientes  del  fluido,  que  obedecen 
a  varlaciones  Inslgniflcantes  de  presi6n,  volumen  y  temperatura.  Estas  varla- 
ciones son  pequefilsimas  y  ski  embargo,  pueden  Influir  en  la  formaci6n  y  la 
condensaci6n  del  vapor  de  agua.  Asf  pues,  ailin  en  el  caso  de  una  atm6sfera 
aparentemente  en  reposo,  cuando  el  anem6metro  no  acusa  la  mds  llgera  brlsa, 
deben  exlstlr  dlversas  corrientes  que  determlnnn  fen6menos  de  condensaci6n  o 
evaporacI6n,  Indepeudientes  de  causas  que  se  puedan  registrar  con  nuestroe 
tnstrumentos  meteorolOglcos. 

Ademfis,  una  causa  que  produce  un  efecto  determinado,  como  el  caldeamiento 
por  los  rayos  solares  de  una  r>orci6n  deflnida  de  la  atm<3efera,  que  orlgiua  movl- 
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mientos  del  aire  circnnveclno  hacia  dlcha  regI6n,  puede  producir  un  efecto 
contrario,  st  se  interpone  la  masa  de  nubes  debida  a  la  condensaci6n  de  los 
vapores,  por  enfriamlento  en  una  re^6n  mAs  alta.  De  manera  que,  aun 
conoclendo  sobre  la  superfide  terrestre  In  velocldad  y  direccl6n  de  las  corrlentes 
a^reos,  en  lugares  prCximos,  como  lo  quiere  el  Dr.  Carrasquilla,  nada  se  puede 
adelantar. 

Por  la  esperlencia  que  se  tlene  del  dima  de  la  altiplanide  de  Bogotil  podemos 
aflrmar  que  solo  es  posible  conocer  la  distribudOn  general  de  las  lluvlas  (la 
que  flgura  en  los  grAficot)  sigulendo  los  movimientos  del  paralelo  de  mayor 
temperatura. 

En  la  zona  intertropical  el  aire  caldeadc  por  el  sol,  cuyos  rayos  inclden  nor* 
malmente,  se  halla  en  continuo  ascenso,  y  es  reemplazado  por  el  mils  frto  que 
alluye  de  los  hemisferlos  laterales,  formando  una  faja,  movible  con  el  paralelo 
de  mayor  temperatura,  y  al  cual  acompafia  en  su  oscilaci6n  anual.  Esa  faja 
o  zona  de  calmas,  como  se  quiera  llamar,  es  de  lluvia  permanente,  porque  el 
vapor  de  agua  que  contlene  el  aire  se  condensa  hasta  la  saturaci6n,  al  ascender 
a  las  altas  regiones  de  la  atmdsfero,  por  el  enfriamlento  que  alU  sufre.  El 
movimiento  anual  de  esta  zona  de  lluvias  determina  las  estadones,  ya  indi- 
cadas  someramente,  en  las  varias  regiones  del  pals,  con  las  modiflcadones 
anotadas,  que  se  deben  a  influendas  locales. 

Slguiendo  estn  idea  primordial  y  adaptdndola  a  las  condldones  locales  de 
Bogotd,  el  actual  Director  del  Observatorio,  Dr.  Julio  Garavito,  dl6  la  explica- 
ci6n  completa  del  fen6meno  de  las  cuatro  estadones  y  de  las  irregularldades 
que  estas  presentan  en  la  Sabana,  en  un  optisculo  que  public6  en  1890,  bajo 
el  epfgrafe  de  "Cllma  de  Bogotd."  Las  observaclones  pradicadas  desde  entonces 
hasta  la  fecha,  no  ban  heclio  sino  comprobar  lo  afirmado  alU  por  el  Dr.  Garavito. 

Por  supuesto  que,  si  es  indtll  pretender  un  conocimiento  completo  de  la  distri- 
buci6n  de  las  lluvias  y  preveer  los  cambios  que  ^sta  pueda  sufrir,  es  convenieute 
conocer  un  promedio  de  las  predpitadones  en  cada  regi6n  y  las  cantidades 
mdximas  y  mfmiraas  que  caradericen  su  regimen  pluviom^trico.  Utilfsimo 
serf  a,  sin  duda,  para  lo  agricultura  conocer  de  antemano  las  ^pocas  de  verano 
o  invicmo,  mas  ya  que  esto  no  es  posible,  por  lo  menos,  se  debe  tener  una  idea 
del  dlma  de  cada  regi6n,  llevondo  un  registro  pluvlom^trico  en  varias  regiones 
del  pais  y  una  anotaciOn  de  los  vientos  relnantes. 

Si  mes  por  mes  se  toman  todos  los  datos  recogtdos  y  se  colocan  en  la  Carta 
de  la  Repdblica,  es  probable  que  muchas  irregularldades  queden  explicadaa 
dentro  de  un  t^rmlno  de  diez  afios.  Ya  se  conoce  completamente  el  clima  de 
BogotA,  mas  falta  por  determlnar  el  del  resto  de  la  comarca,  y  el  medio  que 
indicamos  para  ello  es  el  mds  senclllo. 

La  conduccion  de  una  estad6n  pluviom^trica  es  sencilla,  puede  encargarse 
a  un  individuo  cualqulera  y  no  requlere  mayor  atenci6n,  sobre  todo  si  se  hace 
uso  en  ella  de  un  pluvi6metro  registrador.  Una  estaci6n  pluviometrica  debe 
componerse  de  un  pluvi6raetro,  un  anem6metro  y  una  veleta. 

En  el  Observatorio  de  Bogotd  se  redbirian,  una  Vv'z  erlgido  en  estadon  cen- 
tral, al  establecerse  este  servido  meteoro16gIco,  los  G\tos  referentcs  a  la  can- 
tldad  de  lluvia  caida,  direcci6n  predominante  del  viento  y  velocldad  media  del 
mlsmo,  datos  provenlentes  de  regiones  diversas  y  sometidns  a  influendas  locales 
distintas.  Asf,  tal  vez,  se  llegarlan  a  conocer  mejor  las  perturbadones  en  la 
di8tribuci6n  de  la  lluvia. 

Ademds  de  lo  dicho,  los  datos  pluviom^tricos  prestan  servicios  importantes 
para  elaborar  los  proyectos  de  irrigaci^n,  de  acueductos»  de  canales  &.,  en 
dondequiera  que  sea  necesnrlo  conocer  la  cantidad  media  de  lluvia,  en  cicrto 
tiempo  y  las  mdximas  predpitadones. 
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Para  termlnar  esta  parte  d^  presente  estudlo,  indlcamos  las  pobladoneis  cte 
la  Reptkblica  en  donde  conveDdrfa  establecer  estaciones  irfuviomtelcaB,  e  in- 
Binuamoe  la  mejor  manera  de  orgaiilzar  un  oerricio  mete<m>16gico  coitralizada 

En  eate  sentido  ie  podria,  por  medio  de  algto  Decree  orgftnieo,  diaponer: 

Primero — Que  el  Obaervatorlo  Nadonal  aea  Estackte  iiiete(»aK(cica  central, 
proviata  de  Instrumentos  reglatradorea ; 

Begundo—Qne  los  Obeervatorlos  nieteorol6gicoa  de  Popayta,  Barranquilla 
y  MedelUn  envien  menaualmente  a  Mse,  loa  datoa  que  reoojan  y  la  deBcripdte 
de  loa  aparatoa  uaadoa. 

Tercero — Que  se  establezcan  estaciones  meteoroMgicas  en  los  aisolentes 
Ingares  (v^ase  el  croquls) :  Cartagena,  Santamarta,  Riohacha,  Yalle-Dnpar, 
Odriguanil,  Turbo,  Qiiibd6,  llagangu^,  GAenta,  lianizalea,  Puerto-Berro,  Hon- 
terfa,  Alcandf,  Honda,  Bucaramanga,  Tunja,  Ar&uca,  Orocu^,  T&mara. 
Olrardot,  Florenda,  Ibagu^  Neiva,  Oartago,  G41i,  Buenaventura,  Mocoa,  Paato, 
T^querres,  Barbacoaa  y  Tumaoo.  (Eatas  estaciones  ae  repartea  aaf  pcnnque 
creeuMW  que  su  situaci6n  relatlva  es  conveniente,  ya  por  cuanto  inresentan 
facilidades  para  el  establecimlento  de  las  estaciones,  ya  porque  dan  las  con- 
didones  locales  de  toda  la  regl6n  en  donde  se  eocuentran.) 

C«iar/o--Que  en  las  estaciones  pluvlom^rlcas  presten  d  serrido  los  maestroa 
de  Escuela,  medlante  un  pequefio  sobreaueldo  y  que  la  organlzad^a  del  servido 
meteorok^co  quede  a  cargo  del  Ministerio  de  Instrucd6n  Piiblica. 

riJEZA     RELATIVA     DE     LA     PRESI6N     ATMOSF£bICA — ^ALTIIIETBIA     FOB     MEDIO     DEL 

bab6metbo. 

Para  ponet  de  relieve  la  diferencia  esenclal  que  exlste  entre  las  varladonea 
del  bar6metro,  en  las  zonas  templadas  y  en  la  vedndad  del  Ecuador,  copiamoa 
a  continuad^n  el  cuodro  slgulente,  debido  al  Dr.  Oarrasquilla : 


Paralelo  entre  la  preMn  de  Bogotd  y  la  de  Parit  eh  18D7. 

Bogoti. 

Parts. 

Meaet. 

-Wnrlno 
medio. 

Mlnlmo. 

UAxlmo, 

Dife- 
ranciu. 

T^nnino 
modio. 

Mlnimo. 

Mixima 

Dife. 
nndas. 

Enero 

Ma77 
Ml.  17 
66a  78 
661.15 
661.13 
661.89 
S61.27 
561.41 
561.87 
56a  99 
56a  20 
56a  84 

558.56 

56a  10 
66a  10 
569.19 
650.18 
550.28 
560.19 
560.78 
550.18 
560.18 
559.03 
568.63 

563.28 
563.45 
563.28 
563.58 
563.68 
563.98 
563.32 
568.98 
563.58 
563.58 
561.88 
562.48 

4.72 
8.36 
/.88 
4.89 
4.46 
4.36 
4.13 
4.20 
4.40 
4.40 
2.85 
3.86 

753.98 
762.58 
754.11 
754.82 
756.68 
758.92 
758.49 
756.84 
75a  88 
762.03 
763.29 
753.29 

737.07 
742.18 
744.24 
732.23 
744.25 
752.63 
749.85 
749.84 
747.95 
749.63 
745.82 
746.91 

77a  82 
774.49 
768.10 
766.74 
701.60 
767.83 
766.57 
70a67 
767.68 
708.79 
774.54 
771.62 

83.78 

Fe'  rero 

82.  SS 

MiMW       

1&80 

A^ril 

84. 6t 

llsyo 

22.36 

Juiiio 

14.40 

Julio 

lass 

AXOBtO 

laTl 

Septlembre 

19.73 

Octu'  re 

10.17 

Noviemi  re 

2&73 

Dldemlre 

34.66 

Promedios 

56a  99 

550.14 

563.29 

4.15 

767.78 

745.17 

768.13 

22.96 

La  simple  lnspecci6n  del  cuadro  anterior,  llama  la  atenci6n  por  las 
diferencios  tan  notables  que  presenta.  Es  por  eso  que  el  bardmetro  pierde, 
en  la  zona  ecuatorial,  su  Importancia  como  Instrumento  meteoroldgico  y  la 
gana  como  Instrumento  de  Ingenierfa,  mdxime  en  pafses  montafiosos  como 
Ck»lombia.  La  altimetrfa  por  medio  del  bar6metro  de  mercurio,  del  hipsdmetro 
o  del  bar6metro  anerolde  es  mucho  menos  complicada,  en  las  regiones  situadas 
dentro  de  los  Tri^plcos,  que  en  las  regiones  de  las  zonos  templadas,  donde 
las  observadones  de  altura  deben  ser  siempre  simultdneas. 

Asf,  pues,  como  lo  habfa  previsto  Caldas,  el  estudlo  de  las  varladones 
periiklicns  de  la  presi6n  atmosf^rica  tiene  importancia  capital  para  las  medldaa 
de  las  alturas,  en  las  nivelaclones  barom^tricas,  que  ordlnorlamente  se  emplean 
para  los  reconocimlentos,  pues  la  regularldad  y  falta  de  amplitud  en  la  oadla* 
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cl6ii  peri<)di<»  de  la  pre8i6n  atmosf^ica  permlte  usar  el  bardmetro  como 
Instruinento  suficientemente  exacto  en  gran  ntimero  de  apUcaciones  de  esta 
dase. 

Por  estas  razones,  68  que  ana  de  loa  prlncipalea  preocupadones  del  Observa- 
torio  ha  Bido  determinar  muy  blen  la  carra  indicadora  de  las  dobles  oscila- 
dones  del  bar6metro,  lo  mlsmo  que  haUar  la  altura  barom^trlca  completamente 
correglda.  Tambite  nos  hemas  propuesto  fadlltar,  por  cuantos  medlos  se  Im 
podldo,  a  lo6  ingenieros  del  pais  la  controntaddn  j  patronaje  de  sua  bar6metro8» 
hlpsdmetros  y  aneroldes. 

En  desarrollo  de  esta  idea,  durante  mucho  tiempo  se  ban  practlcado  las 
observadones  horarias  del  bar^metro,  prlmeraniente  cada  doe  boras  y  cada 
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Fig.  4. 

tres  tUtimamente,  para  determinar  de  una  manera  absoluta  las  variadones 
diurnas  y  las  anuulea.  Estas  observadones  se  ban  becbo  con  un  bar6nietro 
de  ^'Fortin;*  de  cubeta,  con  fondo  movlble,  un  tubo  de  8  mm.  de  dldmetro 
y  ban  dado  los  sigulentes  resultados,  como  valores  medlos,  en  cerca  de 
Ylente  afios.* 
Variaciones  diurnas: 

8  boras  a.  m.,  0. 561. 0  m.  m. 
0  boras  a.  m.,  0. 561. 2  m.  m.  (mdx.) 
10  boras  a.  m.,  0. 561. 0  m.  m. 
12  boras  m.,      0. 560. 0  m.  m. 
Mftxlma  nocturna,  a  las  10  p.  m.,  0.5668  m.  m. ;  minima  nocturna,  8  boras  1/2 
p.  ro.,  0.5504  m.  m. 


2  boras  p.  m.,  0. 5503  m.  m. 

4  boras  p.  m.,  0. 5588  m.  m.  (mfn.) 

0  boras  p.  m.,  0. 5503  m.  m. 

8  boras  p.  m.,  0. 5602  m.  m. 


1  Vtese  Big.  4. 
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La  presi6n  media,  sacada  de  cstos  datos,  resnlta  ser  de  0.5001**,  y  debe 
eer  corregida  del  error  fndlce  del  bar6metro.  La  determlnacl6n  de  este  error 
Indlce  la  hlcimos  por  medio  de  tin  catet6metro  **  Perreaux,**  arreglado  personol- 
mente  por  nosotros,  y  que  se  empled  en  determinar  la  distancia  del  enruce 
del  mercurio  a  la  dlvisl6n  550""*  de  la  escala.  Despu^s  de  cierto  ntlmero  de 
leoturas,  hechos  con  todas  las  precauclones  usadas,  sacamos  como  error  medio 
de  la  escala  =0.35"""=0.05'""*  por  exceso;  de  donde  se  deduce  que  la  presidn 
media  verdadera  es  de  O.SSOTS*",  6  0.5508  metros. 

Esta  altura  aslgnada  a  la  columna  baromiHrica  dlflere  de  la  que  corresponde, 
en  las  tablas  de  Regnault,  a  la  temperatura  de  ebulllcl6n  del  agua  en  Bogotd, 
segdn  Li^vano,  en  la  cantidad  de  1,120'"". 

La  marclm  segulda  para  la  reduccldn  de  las  obserradones  del  borOmetro  ba 
sldo  la  sigulente: 

SI  Bo  es  la  altura  barom^trica,  reduclda  a  cero,  se  pone:  /?•=/? t—c+c—Y—^. 
F6rmula  en  la  cual  Bt  es  la  altura  baromt5trica  observada  a  t*,  e  es  el  error 
(ndice,  determlnado  como  se  dijo,  o  la  correcclOn  de  capllaridad  para  un  tubo 
de  8  mlUmetros  de  diflmetro  interno,  $  la  correccI6n  de  temperatura,  por  dilata- 
ci6n  cilblca  aparente  del  mercurio  y  dilataclOn  lineal  de  la  escala  y  y  la 
correcci6n  de  la  gravedad.  Esta  correcclon  ha  sldo  calculada  por  la  f6rmula 
de  Clarice. 

Pongamos  y=,_t_^nAo^A  .w>^  o> ' "^  ^^ ^  ^^^  9^^ intensidad  de  la giayedad 


"1+0.002606  cos  21 '  ^^2h 


a  la  latitud  2  y  a  la  altura  h  Robre  el  nivel  del  mar,  G  la  intensidad  de  la  gravedad  al 
nivel  del  mar  y  a  la  latitud  de  45^  y  r  radio  de  la  tierra  correspondiente  al  lugar. 
Si  llamamos  B^o  ^  altura  barom^trica  corregida  de  los  tres  primeros  errores:  se  pone 

B,^g^  1 1_ 

B\    O    1+0.002606  coe  2/  j^  2^ 


y  como: 


y^B'o-Bo^B'/l' 


t 


1+0.002606  COS  21 


^k) 


aetendrd,paraZ»4''3y55^^2;  A»2640  metros,  r»0378000 metros:  7"0.0034BV 

Lds  oscilaeionea  anualcSt  dadai  tnes  por  tnci,  del  bardmctro  correffido,  9<m: 


Media 

OscUa- 
ci6n. 

Media 
mensuaL 

Oaclla. 

Enoro 

pppppp 

Urn, 
2.5 
2.2 
2.3 
2.6 
2.5 
2.1 

Julio 

0.560«0 
0.56025 
0.56020 
0.55080 
a  55945 
a55050 

1.9 

Febrero 

A^osto 

2.7 

Marso 

Setietnbro 

2.7 

Abrll 

Oclubre 

2.7 

Mft  yn     

No\l6nil''r6 

2.6 

hmlQ ,      

Dlciembre 

2.5 

Este  cuadro  y  el  grdfico  de  las  variaciones  diurna^  muestran  cual  es  la 
umpUtud  milxima  de  la  oscilaci6n.  Segtin  esto,  los  valores  anotados  por  el 
Dr.  Carrasquilla  son  demasiado  grandes. 

Concluyamos  esta  parte  estudiando  brevememe  el  aparato  para  correcciOn 
de  bar6metros  aneroides,  cuyo  dibujo  se  acompafla.^  Oomp6nese  en  sus  partes 
esenclales,  de  una  caja  de  palastro  de  doble  fondo,  C,  provlsta  de  un  aro,  al 
cual  se  sujeta,  entre  arnndelas  de  goma  eldsticn,  y  por  medio  de  fuertes  torn' Jos 
de  presi6n,  un  vidrio  grueso.  En  el  interior  de  la  caja  se  colocan  los  Initru- 
mentos  que  se  van  a  pntronar,  sobre  un  soporte  de  pies  de  corcho,  en  el  cual 


1  v««8e  Fig.  s. 
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86  coloca  tambi^n  un  terin6metro.  El  tubo  T'  de  acceso  a  la  caja,  viene  de  un 
dep6sito  de  palastro  D,  donde  se  comprime  el  aire  por  medio  de  una  bomba 
de  mano  B,  El  depOslto  estd  provlsto  dc  un  mandmetro  de  resorte  y  de  dos 
Haves,  para  cerrar  o  abrir  las  comuDlcadones  con  la  caja  o  con  la  bomba  de 
compresl6n.  El  tubo  T"  provlsto  de  su  Have  respectiva,  termlna  en  un  mand- 
metro de  mercurio  M. 

Para  elevar  gradualmente  la  temperatura,  entre  el  doble  fondo  de  la  caja  O 
•e  callenta  agua  lentam^nte  por  medio  del  horniUo  U,  agua  que  se  puede 
enfrior  por  medio  de  hielo  madiacado. 


La  lectura  de  la  columna  de  mercurio  se  hace  con  el  catetOmetro.  Este 
aparato,  asf  descrito  sirve  para  liacer  marcar  al  aneroide  que  se  ensaya,  pre- 
siones  crecientes  desde  5C0  mm.  hasta  800  mm.  de  mercurio.  De  centfmctro 
en  centimetre,  se  leen  el  aneroide  y  la  altura  de  la  columna  en  el  manOmetro. 
Despues  se  lee  el  bar6metro  de  Fort  in,  y  a  la  altura  barom6trica  se  agrega  la 
manoni^trica.  La  suma  representa  la  altura  de  la  columna  para  la  presl6n 
Indicada,  un  vez  heclias  las  correcclones  de  capilarldad,  temperatura  y  gravedad. 

La  diferencla  entre  este  resultado  y  la  lectura  del  aneroide,  a  la  temperatura 
marcada  por  el  termOmetro  interior,  da  el  error  del  aparato  a  esa  pr^i6n. 
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C0NCLrsi6N. 

Una  lectura  atenta  de  la  presente  Memoria,  en  donde  he  procnrado  historiar 
de  la  mejor  manera  el  desarroUo  de  los  estudios  ineteorol6gicos  en  Golombiat 
y  donde  he  puesto  de  manlfiesto  el  estado  actual  de  este  Serviclo  ofldal  en  la 
Repilblica,  llevard  al  espfritu  la  idea  de  que  en  este  terreno  se  presenta  un 
campo  de  investigacidn  inexplorado  at&n.  Relativamente  mucho  se  lia  hecho  en 
este  sentido,  mas  queda  todavia  gran  parte  por  hacer,  tratando  de  extender 
los  estudios  climatol6gicos  a  todas  las  res^ones  del  pals  que  liasta  abora  son 
casi  desconocidas  para  la  Meteorologfa. 

El  fln  priictico  de  este  trabajo  es,  en  consecuencia,  indlcar  la  necesidad  de 
ampliar  el  radio  de  las  observaciones  organizando  un  Servicio  Meteoroldgico 
Nacioruil  que  contintie  la  obra  del  Observatorlo  de  Bogotd,  siguiendo  las  Indica- 
ciones  que  en  el  dfa  son  fruto  de  una  experimentaci6n  relativamente  larga  y 
culdadosa. 

Natural  parece,  pues,  terminar  el  estudio  que  presento  con  el  sigulente 
proyecto  de  Ley,  que  puede  someterse  a  la  aprobaci6n  del  pr6xinio  Ck>ngreso : 

**  El  Congreso  de  la  Repiiblica  de  Colombia  decreta: 

••!,•  Por  el  Ministerio  de  Instruccl6n  Ptlblica  se  procederd  a  la  organiza- 
ci6n  del  Serviclo  Meteorol6gico  del  pafs,  tan  pronto  como  esta  ley  sea  pro- 
niulgada.  Tal  organizacl6u  se  hard  en  detnlie  consultando  las  necesidades  de 
la  Naci6n  y  la  marcha  de  servicios  slmilares  en  otras  Repdblicas  Americanas. 

"2.*  El  Director  del  Observatorlo  Astron6mico  Nacional  serd  el  Jefe  de 
este  Serviclo;  y  en  cuanto  a  plan  cientifico  de  observaciones,  se  seguirdn 
desarrollando  los  m^todos  empleados  hasta  ahora  por  el  Observatorlo,  con 
las  modtflcadones  que  consulten  meJor  las  necesidades  de  la  Estadistica  agri- 
cola  y  de  la  fluviometrfa  del  terrltorio. 

**  8.*  Por  ^  Ministerio  de  Instrucci6u  Pdblica  se  dardn  los  pasos  conduccntes 
a  obteuer  la  colaboracl6n  eficaz,  en  esta  obra,  de  los  Observatorlos  Meteoro- 
16gicos  de  la  Universidad  de  Antioquia,  de  los  RR.  PP.  Agustinos  de  Barran- 
quilla  y  de  la  Universidad  del  Cauca. 

"  4.*  Por  el  mismo  Ministerio  se  encargard,  mediante  un  sobresueldo  mensual 
de  $20  oro,  a  los  sefiores  profesores  de  Flsica  de  los  Establecimientos  enn- 
merados  a  continuacl6n,  la  colecci6n  de  datos  diurnos  relatives  a  canttdad 
de  lluvia  caida,  direcci6n  predominante  e  intensidad  de  las  corrientes  atmosfS- 
ricas  y  camblos  de  temperatura.  Estos  Profesores  serdn  de  la  Universidad 
de  Cartagena,  del  Ck>legio  de  Boyacd,  de  la  Universidad  del  Cauca,  de  las 
Escuelas  Normales  de  Manizales,  Neiva,  Santa  Marta,  Cdcuta,  Pamplona,  San 
Oil,  Call  y  Monterfa,  del  Colegio  de  'San  Sim6n*  de  Ibagu^,  del  Colegio  de 
*  Jesds,  Maria  y  Jos6 '  de  Chiquinquird,  del  Colegio  de  *  San  Pedro  Claver  *  de 
Bucararaanga,  de  la  Universidad  de  NariHo,  del  Instituto  Pedag6gico  de  Ta- 
maco  y  de  las  Escuelas  Pdblicas  de  Quibd6. 

"5/  Por  el  Ministerio  de  Obras  Pdblicas  se  obtendrdn  datos  semejantes  y 
en  las  mismas  condiciones,  del  F.  C.  del  Pacfflco,  en  Buenaventura,  del  F.  C.  de 
Cdcuta,  en  Puerto  Villamizar,  del  F.  C.  de  Antioquia  en  Puerto  Berrfo  y 
Cisneros,  del  F.  C.  de  Puerto  Cesar,  en  Puerto  Cesar  y  Turbo,  del  F.  C.  de 
Puerto  Wllches,  en  Puerto  Wilches  y  Puerto  Santos,  del  F.  C.  de  Girardot, 
en  Girardot  y  La  Esperanza,  del  F.  C.  de  La  Dorada,  en  Honda  y  La  Dorada. 

"0.*  Se  establecerdn  oflcinas  meteoroldgicas  especiales,  que  tomen  diaria- 
mente  los  mismos  datos,  en  Calamar  del  Vaup4s,  Mocoa,  Arauca  y  Riohacha. 
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*'7.*  lx)8  emplcados  del  Serviclo  Meteorol6gloo,  en  Riohacha,  Calumar  del 
Vaup^  Mocoa  y  Arauca  dependerdn  de  los  Jefes  PoUticos  de  cada  lugar  y 
devengardn  del  Tesoro  Naclonal»  ia  suma  de  $50  oro  menauales  cada  nno. 

*'  8.*  Los  pluvl6inetro8  y  term6inetros  usados  por  los  encargados  de  colectar 
los  datos  ineteorol6gico8,  serda  suministrados  por  el  Observatorio  Naclonal 
bajo  un  patr6n  rigurosamente  anlforme. 

*'9.*  Cada  ocho  dfas  se  remltlrdn  a  la  Oflcina  Meteoroldglca  Central  los 
datos  recogldos,  sin  perjulcio  de  comunlcar  telegrdficamente  aqnellos  fen^menos 
(tempestades^  st'ibltos  camblos  de  temperatura,  granizadas,  etc.)  que  requleran 
on  reglstro  especial. 

"  10*.  En  Bogotdt  Medellin,  Barranqnllla  y  Popaydn,  donde  exlstan  Observa- 
torios  Meteoroli^gicos  ya  organizados,  ae  reglstrardn  las  vartadones  del  bar^ 
metro  a  horas  determlnadas. 

*'ll.*  Todos  los  datos  recogldos  en  el  pais  ser&n  dispuestos  dos  veces  al 
Dies,  por  la  Ofidna  Central  del  Observatorio,  en  cartas  y  grAflcos  convenlentes, 
segdn  las  dltlmas  Convenclones  Meteorol6^cas.'  Estas  cartas,  grdficos;  cnadros 
respectlvos,  etc^  Junto  con  las  observadones  practlcadas  en  Bogota  sobre  el 
actln6metro,  la  superfide  solar  y  el  potencial  el^trlco,  verdu  la  luz  pdbllca 
en  un  'Boletfn  Mensual  dd  Observatorio  Naclonal,*  edltado  en  la  Imprenta 
Naclonal  y  que  se  enviard  a  todas  las  capitales  de  los  Departamentos,  a  los 
Jnstltutos  de  Agdcultnra,  a  las  Empresas  de  Navegaddn,  a  las  Compafifas 
de  Seguros  Agrfcolas,  etc.,  y  se  canjeard  con  todas  las  publlcaciones  simllares 
del  Exterior. 

**12.*  El  Director  del  Observatorio  Naclonal  tendrd  bajo  su  Inmediata  de- 
pendenda  un  Ingenlero  graduado  encargado  de  la  ordenad6n  de  datos,  dlbujo 
de  los  grdficos  respectlvos,  organlzacldn  de  las  observadones,  patronamiento 
de  los  aparatos,  publicad6n  del  Boletfn,  etc.,  etc.,  que  devengard  un  sueldo 
mensual  de  $100  oro,  y  un  Oficlal-Escrlblente  que  devengard  otro  de  $50  oro 
mensuales. 

**  18.*  Los  nonibramlentos  en  el  Ramo  del  Servlcio  Meteoroldgico  so  liardn 
por  el  Mlnlsterlo  de  Instrucdon  Pdbllca  de  temas  presentadas  por  el  se&or 
Director  del  Observatorio. 

**  14,  El  suddo  mensual  dd  Director  dd  Observatorio  se  devard  a  la  suma 
de  $200  oro.  Y  ^te,  los  empleados  del  Servldo  Meteoroldgico  y  los  Instltutos 
que  remitan  datos  al  Observatorio  gozardn  de  franqulda  telegrdflca  y  postal. 

'*  15.  Los  gastos  que  ocaslone  d  cumpUmiento  de  la  presente  Ley  serdn  de 
cargo  dd  Tesoro  Naclonal  y  quedan  Induldos  en  d  Presupuesto  en  vlgenda, 
etc." 

Las  slgulentes  rasones  motivan  la  presentaddn  de  este  proyecto  de  ley  que, 
como  se  dljo,  es  de  Importanda  notorla  para  d  progreso  industrial  y  agrfcola 
del  pals: 

1.'  En  d  artfculo  1.*  del  proyecto  se  enunda  daramente.  Esta  roas6n  es  de 
peso,  d  se  eonsldera  que  no  debe  tardar  d  dfa  en  que  se  convoque  a  una  Con- 
ferenda  Intemacional  MeteoroU^ca,  en  alguna  de  las  Repdbllcas  hlspanas, 
Vergonao  seria  para  Colombia  aparec^  con  las  manos  vadas  en  un  certamen  de 
trascendencia,  cuando  todos  los  palses  ban  organlzado  u  organlzan  en  la 
actual  Idad  su  Servldo  Meteoroldgico,  y  cuando,  preclsamente,  en  d  privlle- 
glado  territorio  de  Colombia,  tuvo  origen  la  cienda  meteorol6glca,  con  las 
observadones  de  Humboldt,  Boussingault,  Bourdon,  Oaudot,  Roulin  y  otros 
(entre  ellos  Caldas). 

2^.  Los  datos  meteorol6gicos  que  se  ban  tomado  en  Bogotd,  desdo  el  tlempo 
de  Caldas,  y  en  MedelHn,  Barranqnllla  y  Popaydn,  en  4pocas  reclentes,  son 
elementos  alslados  que  a  lo  sumo  bacen  conocer  d  cllma  de  cada  localidad, 
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con  laB  leyes  a  que  obedecen  sos  variaciones,  pero  que  nunca  permltlr&D 
verificar  el  conocimieDto  del  clima  general  del  pals,  ni  mucbo  menos  prestar 
servlcio  efectivo  a  la  agricultura  nadonal. 

8/  Las  estadlsticas  agrfcolas,  que  hoy  sirven  en  todo  el  mundo  para  las 
Ck>mpaflla8  de  Scguros,  prestando  o  la  ogricultura  inmensos  seniclos  con  an 
ramo  especial  de  aseguro,  tlenen  su  fundamento  en  las  estadlsticas  meteoro- 
16glcas  y  en  el  conoclmiento  de  los  cllmas  reglonales. 

4/  En  rouchas  circunstancias,  las  Empresas  de  acueductos  urbanos,  las 
Compafifas  de  navegaci6n  fluvlai ;  las  Empresas  de  canalizaciOn ;  las  Sociedades 
de  Agricultura,  etc.,  .  .  .  necesitan  indispeusablemeute  de  las  estadlsticas 
meteoroIOgicas.  Esta  necesidad  se  barft  sentlr  de  una  manera  imperiosa  cuando 
se  organice  un  servlcio  de  irrigaci6n  eflcaz,  se  extiendan  los  cultlvos  de  secano 
y  la  agricultura  nadonal,  abandonando  procedlmlentos  rutlnarlos,  deje  de  ser 
un  juego  de  suerte  y  ozar. 

5/  El  establecimiento  del  Servlcio  Meteorol6gico  en  (Colombia  serd  utll  a  la 
meteorologla  universal,  pues  contrlbuird  al  mejor  conoclmiento  de  las  leyes 
que  rigen  los  fen6menos  meteorol6gicos  en  las  regiones  equinocclale& 

The  Chairman.  With  your  permission  now  1  will  present  my  own 
paper,  which  gives  an  outline  of  the  organization  of  meteorology  and 
seismology  in  the  United  States  of  North  America. 


ORGANIZATION   OF  METEOROLOGY  AND   SEISMOLOGY   IN   THB 

UNITED  STATES. 

By  CHARLES  F.  MARVIN, 
Chief  United  States  Weather  Bureau,  Washington,  D.  C. 

My  chief  effort  In  connection  with  the  work  of  this  subsection  of  the  Second 
Pan  American  Congress  Is  to  urge  tlie  greatest  possible  extension  In  the  number 
and  distribution  of  meteorological  and  seismologlcal  stations  and  to  encourage 
the  Improvement  and  standardization  of  Instiniments,  their  exposure,  the  pro- 
gram of  observations,  methods,  and  the  publication  of  results. 

The  deductions  of  theoretical  meteorology  must  be  based  upon  and  be  verified 
by  and  conform  to  all  the  facts  and  results  of  observations  In  the  great  laboratory 
of  Nature.  Many  other  sciences  may  be  very  largely  built  up  through  expert 
mentation  In  the  artificial  laboratories  of  our  research  institutions,  and  this  If 
partly  true  of  some  of  the  problems  of  meteorology.  The  great  phenomena  of 
the  atmosphere,  however,  occur  upon  such  a  gigantic  scale  that  they  can  be 
adequately  analyzed  and  observed  only  under  natural  conditions. 

Every  student  of  climatology  or  of  theoretical  meteorology  finds  himself 
sooner  or  later  In  need  of  more  or  better  observational  data  and  statistics.  This 
need  can  be  supplied  only  by  tlie  addition  of  new  services  and  stations  In  the 
fields  not  now  occupied.  New  services  and  observing  stations  are  certain  to 
come  slowly  as  time  goes  on,  but  we  hope  the  work  of  this  great  Pan  American 
Congress  may  hasten  the  results  so  greatly  desired. 

The  present  organization  of  the  United  States  Weather  Bureau  represents 
the  growth  and  experience  of  nearly  45  years  of  the  active  existence  of  a  great 
public  service  that  has  many  unique  features,  and  that  organization  may, 
therefore,  serve  as  a  type  or  example  or  suggestion  upon  which  otlier  services 
having  similar  objects  may  be  planned. 

It  can  not  be  presumed  that  what  may  prove  very  eflldent  and  satisfactory 
'n  the  United  States  will  be  equally  suitable  elsewhere.     Each  organization 
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EDxi8t  Decessnrily  be  odnpted  to  the  legislative,  esecative,  and  administrative 
conditions  by  which  it  is  surrounded. 

If  time  permitted,  It  would  be  interesting  to  briefly  outline  the  history  of 
the  United  States  Weather  Bureau,  but  those  seelilng  historical  details  can 
readily  find  such  elsewhere  in  meteorological  literature.  It  seems  sufficient  here 
simply  to  mention  the  Immediate  Influences  leading  to  the  Inception  of  the 
service  and  to  quote  the  original  acts  of  Ck)ngre8s  providing  for  Its  establishment 
and  continuance. 

The  United  States  Weather  Bureau  is  the  embodiment  and  outcome  of  pioneer 
work  conceived  and  executed  by  Prof.  Cleveland  Abbe  during  th5  yeors  18C7 
to  1870,  while  he  was  director  of  the  Mltchel  Astronomical  Observatory  at  Cin- 
cinnati, Ohio.  In  claiming  that  the  Federal  bureau  was  the  outcome  of  Abbess 
initiative  we  do  not  In  the  least  disregard  or  ignore  the  splendid  work  done  in 
the  United  States  by  such  men  as  Redfield,  Plddlngton,  Maury,  Espy,  Henry, 
Ferrel,  and  others,  or  of  the  similar  labors  of  equally  eminent  pioneers  abroad. 
All  contributed  greatly  to  give  meteorology  a  place  among  the  sciences,  but  it 
remained  for  Abbe  to  give  the  country  a  concrete  demonstration  of  just  how  a 
practical  meteorological  bureau  rendering  a  definite  daily  service  to  the  com- 
munity could  be  organized  and  conducted.  He,  It  seems,  realized  In  fuller  degree 
than  any  others  the  beneficent  possibilities  of  the  work  and  saw  ways  in 
which  the  results  could  be  obtained. 

The  Joint  resolution  of  Congress,  approved  Feburary  0,  1870,  providing  for 
the  establishment  of  the  meteorological  work  by  the  United  States  Government 
under  the  Signal  Service  of  tlie  Army,  reads  as  follows : 

That  the  Secretary  of  War  be,  and  he  hereby  is,  authorized  and  required 
to  provide  for  taking  meteorological  observations  at  the  military  stations  In 
the  Interior  of  the  continent  and  at  other  points  In  the  States  and  Territories 
of  the  United  States,  and  for  giving  notice  on  the  northern  lakes  and  on  the 
seacoast,  by  magnetic  telegraph  and  marine  signals,  of  the  approach  and  force 
of  storma 

In  order  to  accomplish  the  more  effective  and  consistent  administration  of 
its  duties,  the  work  and  essential  personnel  of  the  service  were  transferred  to 
the  Department  of  Agriculture  by  act  of  Congress  approved  October  1,  1890. 
This  act  gave  the  organization  its  present  name,  the  Weather  Bureau.  Section 
8  of  that  act  defines  the  duties  and  functions  of  the  chief  of  the  bureau  in  the 
following  language: 

Sec.  3.  That  the  Chief  of  the  Weather  Bureau,  under  the  direction  of  the 
Secretary  of  Agriculture,  on  and  after  July  first,  eighteen  hundred  and  ninety- 
one,  shall  have  charge  of  the  forecasting  of  weather,  tlie  Issue  of  storm  warn- 
ings, the  display  of  weather  and  flood  signals  for  the  benefit  of  agriculture, 
commerce,  and  navigation,  the  gauging  and  reporting  of  rivers,  the  maintenance 
and  operation  of  sea-coast  telegraph  lines  and  the  collection  and  transmission 
of  marine  Intelligence  for  the  benefit  of  commerce  and  navigation,  the  report- 
ing of  temperature  and  rainfall  conditions  for  the  cotton  Interests,  the  display 
of  frost  and  cold-wave  signals,  the  distribution  of  meteorological  Information 
In  the  Interests  of  agriculture  and  commerce,  and  the  taking  of  such  meteor- 
ological observations  as  may  be  necessary  to  establish  and  record  the  climatic 
conditions  of  the  United  States,  or  as  are  essential  for  the  proper  execution  of 
the  foregoing  duties. 

A  study  of  the  origin,  as  well  as  of  the  legislation  providing  for  the  estab- 
lishment and  extension  of  the  Weather  Bureau,  clearly  Indicates  that  practical 
utility  has  always  been  a  dominating  consideration.  The  chief  criterion  by 
which  the  Justification  of  appropriations  Is  determined  Is  the  direct  benefit  to 
agriculture,  commerce,  and  navigation.    Such  a  condition  is  not  highly  propl- 
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tlous  to  the  rapid  progress  of  the  pure  science  of  meteorology;  nevertheless, 
there  is  no  lack  of  authority  of  law  permitting  the  Weather  Barean  to  engage 
In  research  and  legitimate  Investigations  in  the  realm  of  pure  meteorology.  lo 
the  practical  administration  of  the  appropriations,  however,  by  far  the  greater 
part  Is  required  for  the  effective  maintenance  of  the  regular  dally  service, 
while  the  amount  that  can  be  diverted  to  technical  Investigations  and  studies 
la  relatively  small.  A  fair  recognltl<m  of  these  conditions  Is  essential  to  a 
proper  understanding  of  the  work  of  the  bureau,  which  may  well  be  styled  a 
work  of  applied  meteorology. 

The  organization  of  the  Weather  Bureau  is  planned  to  accomplish  Its  funda* 
mental  purposes  In  the  best  possible  manner,  and  may  b^  summarized  under 
four  principal  topics,  namely:  (1)  personnel;  (2)  stations  and  their  principal 
activities;  (8)  telegraphic  Intercommunication ;  (4)  results. 

Treating  these  topics  separately  we  have  the  following: 

1.  PEBSORNKL. 

Chief  of  bureau,  assistant  chief,  chief  cleric  809  commissioned  employees  with 
regular  salary,  112  clerical  employees  for  administrative  work. 

Scientific  and  technical  ttaff. — ^12  professors  of  meteorology,  10  district  fore- 
casters, 33  meteorologists  and  climntologists,  30  section  directors,  70  local  fore- 
casters,  146  observers,  170  assistant  observers,  32  printers. 

Nont€ch$i4cdl. — 164  messengers,  20  laborers,  10  repairmen. 

Noncommiisioned  employees, — ^Pay  $25  per  month  or  less,  or  by  observation 
reported.  Sixty  special  meteorological  observers,  638  river  and  rainfall  observers, 
178  mountain  snowfall  observers,  418  crop-reporting  observers — (a)  com  and 
wheat,  (&)  cotton,  (c)  sugar  and  rice,  (d)  tobacco,  (c)  broom  corn,  (/)  cattle 
and  stock,  (g)  tomato,  (^>  cranberry,  (i)  alfalfa,  (/)  fruit;  195  storm- 
warning  dlsplaymen. 

Observers  receiving  no  money  compensation, — ^A  large  corps  of  cooperative 
observers  supplied  with  Government  Instruments  and  receiving  certain  publi- 
cations In  lieu  of  compensation.    Total  number,  about  4,600. 

3.   STATIONS  AND  THEIB  PBINCIPAL  ACTIV1T.US8. 

City  of  Washington. — ^Administrative  center  of  service.  Ck>rrespondence  and 
files;  Inspection  of  principal  field  stations;  accounts  and  fiscal  affiairs;  supplies 
and  equipment;  telegraph  service;  printing  of  weather  maps,  bulletins  and 
charts  for  Immediate  Issue ;  general  printing  and  publication ;  drafting. 

Forecast  service:  Washington  district  forecasts  and  supervision  of  all  fore- 
cast work ;  forecast  studies ;  verification  of  forecasts. 

Cllmatological  service:  Comprising  work  In  agricultural  meteorology,  marine 
meteorology,  statistical  work  In  general  climatology  and  Its  publication;  verifi- 
cation of  records  and  preservation  of  same. 

Seismology. 

Instruments:  Development,  standardization  and  Issue. 

Library. 

Studies,  research,  and  Investigations:  I.  General  in  all  lines  of  work.  IL 
Special— (o)  aerology,  (d)  solar  radiation,  (c)  evaporation,  (tf)  frost  and  air 
drainage  relations. 

Washington  meteorological  observatory. 

Field  stations. — One  hundred  and  ninety-seven  principal  stations,  coverlnj 
area  of  United  States,  Alaska,  Porto  Rico  and  West  Indies,  and  Hawaii.  Pull 
Instrumental  equipment,  mostly  eye  observations,  8  a.  m.  and  8  p.  m.,  seventy- 
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fifth  meridian  time,  reported  telegraphically.  Full  automatic  records.  Act  as 
local  centers  of  collection  and  distribution  of  meteorological  information. 

Sixty  special  meteorological  stations.  Observe  pressure,  temperature,  pre- 
cipitation, wind,  and  weather ;  in  some  cases  temperature  only  for  frost  warn- 
Ings  for  orcliards,  trucking,  tobacco,  cranl)erries,  and  other  crops.  Reports 
rendered  by  telegraph. 

Six  hundred  and  thirty-eight  rirer  end  rainfall  stations.  Observe  river 
stages,  and  precipitation,  and  report  regularly  or  at  special  times  by  telegraph. 

Three  hundred  and  fifty-one  crop-reporting  stations.  Observe  weather,  tem- 
perature, and  precipitation,  and  report  by  telegraph,  including  certain  crop 
information.  Maintained  during  the  growing  season,  April  to  October,  inclu- 
sive. 

One  hundred  and  seventy-eight  mountain  snowfall  stations.  Observe  depth 
of  snow  on  ground  and  its  water  equivalent  in  particular  cases.  Report 
chiefly  by  mail  and  by  telegraph  in  some  cases. 

Four  thousand  sis  hundred  cllmatological  stations.*  Observe  maximum  and 
minimum  temperature,  weather,  and  precipitation.  Report  by  mail  at  end  of 
month.    Some  render  noninstrumental  reports  of  earthquakes. 

One  hundred  and  ninety-five  storm-warning  display  stations.  Receive  warn- 
ings of  winds  dangerous  to  shipping.  Display  bulletins,  flags,  and  lanterns,  and 
otherwise  distribute  warnings.    Do  not  make  observations  or  render  reports. 

Station*  bp  groups. — Forecast  districts,  Washington  district,  Chicago  dis- 
trict. New  Orleans  district,  Denver  district,  Portland  district,  San  Francisco 
district,  cllmatological  districts.' 

Elach  Federal  State  is  arbitrarily  made  a  climatic  unit  for  convenience  in 
administration  and  the  collection  and  publication  of  data,  except  that  the  New 
England  States  constitute  one  climatic  group.  Similarly,  Maryland  and  Dela- 
ware, Porto  Rico,  and,  finally,  Hawaii,  constitute  each  a  unit  One  principal 
station  in  each  unit  supervises  the  work  of  the  district  under  tlie  direction  of 
a  climatologist  having  tlie  title  Section  Director.  Reports  are  rendered  monthly 
by  mail. 

Crop-reporting  districts, — Great  agricultural  sections  of  the  country  are 
grouped  according  to  the  staple  crop  cultivated  therein,  tlius:  Ck>tton  region, 
corn  and  wheat  region,  sugar  and  rice,  region,  tobacco  region,  etc  In  some  cases 
tliese  regions  overlap,  and  small  regions  are  sometimes  comprised  wholly  within 
greater  regions.  During  the  crop  season  tliese  groups  of  stations  report  by  tele- 
graph to  their  appropriate  section  centers,  and  the  reports  are  given  wide  dis- 
semination. 

River  districts, — Stations  reporting  river  and  fiood  information  are  grouped 
chiefly  by  rivers  and  their  immediately  contiguous  watersheds.  Several  districts 
ore  comprised  in  handling  the  work  for  large  rivers.  Reports  are  made  tele- 
graphically as  the  work  requires,  and  all  is  organized  under  and  supervised  by 
a  responsible  director. 

Other  minor  groupings  prevail  for  conducting  the  work  of  frost  warnings  and 
for  the  local  and  effective  dissemination  of  storm  warnings  in  the  Interest  of 
shipping. 

8.  TELEGBAPHIC  IZVTEBCOMMUNICATION. 

Telegraphic  circuits  for  the  collection  and  distribution  of  reports  and  the 
dissemination  of  forecasts,  warnings,  etc.     (See  circuit  map.) 

*  For  names  of  climntologlcal  stations  and  maps  showing  their  locations  see  the  annual 
fommnrles  of  **Cllnintological  Data  for  the  United  States  by  Sections,"  published  by  the 
tJulted  States  Weather  Bureau. 
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The  cable  and  telegraphic  work  of  the  Weather  Bureau  Is  conducted  almoBt 
onlii-ely  by  commercial  systems  and  Includes  the  use  of  wireless  systems  of 
Iho  United  States  Navy  and  commercial  companies.  Special  contracts  and 
rates  govern  the  work.  The  annual  cost  for  telegraphic  service  exceeds 
$250,000. 

4.  BESULTS. 

Immediate  results, — Simultaneous  meteorological  observations  at  8  a.  m. 
and  8  p.  m.,  seventy-fifth  meridian  time,  for  a  wide  expanse  of  territory. 

Printing  within  two  to  three  hours  after  observation,  and  issue  of  weatber 
iuai)s  and  bulletins,  and  the  wide  dissemination  of  forecasts  of  weather, 
temperature,  hot  and  cold  waves,  floods,  storms,  and  every  species  of  current 
weather  information  that  will  be  helpful  to  the  public  The  economic  value 
of  this  combined  service  to  the  public  is  almost  beyond  estimation. 

Current  or  periodical  publications, — (a)  The  Monthly  Weather  Review, 
including  Its  supplements,  which  have  the  character  of  monographs  on 
particular  subjects  treated. 

Kb)  The  Climatologlcal  Data,  a  monthly  issue  printed  in  42  sections,  repre- 
senting all  the  observational  data  from  all  stations  in  each  section,  that  Is, 
generally  each  State.  Regularly  issued  in  less  than  30  days  after  the  end  of 
the  month  during  which  the  observations  are  taken.  Ck)mplete  sets  of  section 
reports  are  assembled  and  bound  at  Washington  for  a  limited  mailing  list. 

(c)  Miscellaneous  pamphlets  of  more  or  less  technical  character  are  issued 
from  time  to  time,  comprising  technical  Instructions  for  observing  and 
operating  instruments  and  performing  regular  station  duties. 

id)  Results  of  investigations  and  research  are  published  as  they  become 
available,  and  the  metliods  and  character  of  the  regular  work  of  tlie  bureaa 
are  modified  as  may  be  required  to  utilize  to  the  fullest  extent  the  latest 
results  of  the  scientific  studies  constantly  In  progress. 

(e)  The  Annual  Report  of  the  Chief  of  tlie  Weather  Bureau,  which  com- 
prises a  complete  summary  of  all  the  meteorological  observations  made  at  the 
fully  equipped  stations  maintained  by  the  Weather  Bureau,  accompanied  1^ 
special  compilations  of  particular  data. 

Appendix  I. 

LIST  OF  OBSEBVINO   STATIONS    MAINTAINED  FOE   FORECASTING  PUBP08E8. 

The  following  table  contains  the  geographic  coordinates  of  the  several  stations, 
the  adopted  height  of  the  barometer  cistern  above  mean  sea  level  and  of  other 
instruments  above  ground,  the  difference  between  local  mean  and  seventy-fifth 
meridian  time,  and  the  date  on  which  observations  began.  The  standard  of  time 
used  by  the  Weather  Bureau  in  all  of  Its  synchronous  work  is  that  of  the 
seven ty-fifth  meridian  (Eastern  time),  which  standard  is  always  understood, 
unless  otherwise  expressed. 

The  elevations  of  the  barometers  are  those  adopted  January  1,  1900,  except 
at  stations  established  since  that  date.  They  are  the  results  of  precise  levels, 
and  are  known  as  the  "  station  elevation.** 

Any  change  in  the  elevation  of  the  remaining  instruments  is  shown  by  the 
figures  immediately  below,  and  the  date  of  such  change  is  given  on  the  margin 
of  the  table. 

The  significance  of  the  bold-face  letter  or  letters  following  the  name  of  sta- 
tion is  as  follows: 

P=contlnuou8  records  of  pressure  (on  December  81,  1914). 
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T=contlnuous  records  of  temperature  (on  December  81,  1914). 

W=contlnuous  records  of  wind  (direction  and  velocity)    (on  December  31, 
1914). 

K=i8snes  a  dally  weather  map. 
:    V=continuous  records  of  wind  (velocity  only)  (on  December  31,  1914). 

B=contlnuous  records  of  rainfall  (on  December  31,  1914). 

8=contlnuous  records  of  sunshine  (on  December  81,  1914). 

Summary  of  stations  in  operation  during  the  year. 

Taking  two  observations  dally  (all  elements) 180 

Taking  one  observation  dally  (all  elements) 55 

Taking    one    obsen-ation    daily     (temperature,     rainfall,     wind,     and 

weather) 17 

Taking  one  observation  dally    (temperature  and  rainfall  only,  cotton, 

sugar,  and  rice  regions) 133 

Taking  one  observation  daily  (temperature  and  rainfall  only,  corn  and 

whe|}t  region) 151 

Taking  one  observation  dally  (river  and  rainfall  only) 880 

Taking  one  observation  dally  (rainfall  stations) 78 

River  flood  stations 00 

Rainfall  flood  stations 73 

Taking  one  observation  dally  (cotton  and  special  meteorological) 2 

Taking  one  observation  dally  (special  meteorological  and  river) 4 

Taking  one  observation  dally  (sugar  and  rice  and  river) i.  2 

Taking  one  observation  dally  (cotton  and  river) 27 

Taking  one  observation  dally  (cotton  and  rainfall) 20 

Taking  one  observation  dally  (corn  and  wheat  and  river) 0 

Taking  one  observation  dally  (corn  and  wheat  and  rainfall) 7 

Taking  one  observation  dally  (river  and  storm  warning) 1 

Taking  one  observation  dally  (cranberry) 9 

Taking  one  observation  dally  (special  fruit) 38 

Taking  one  observation  daily  (special  fruit  and  river) 8 

Taking  one  observation  daily    (special  meteorological  and  storm  warn- 
ing)    2 

Taking  one  observation  daily  (special  meteorological  and  tomato) 1 

Taking  one  observation  daily  (cattle  region) 12 

Taking  one  observation  dally  (special  tobacco) 12 

Taking  one  observation  daily  (special  alfalfa) 8 

Taking  one  observation  daily  (special  tomato) 1 

Vessel  weather  stations 54 

Snowfall  stations 232 

Total  paid  stations 1, 563 

Cooperative  stations,  about *  4, 200 

Grand  total 5, 7(J3 

>  Exclusive  of  tbe  observers  of  the  cotton,  sugar,  and  rice,  and  corn  and  wheat 
reglODS  wbo  generally  act  us  cooperative  observers  during  tbe  period  when  not  employed 
as  special  observers. 
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Tabtx  I.— Latitude,  longitude,  elevation,  etc.,  of  Weather  Bureau  StatUnu. 
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37  8. 

3  07  8. 

1  44  8. 

2  00  8. 
1    US. 

32  S. 
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10  8. 

2  068. 
20  8. 

48  S. 
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Albany,  P  T  W  B  S  If 

Dec  22,187S 

Alpena,PT  WBS 

s«vt.  10,157; 

Alius. .'. 

Apr.  i.jw; 

Amarillo,  P  T  W  B  S 

Jan.     1,180 

Anniiton,  P  T  W  B  S 

Oct.  1S,190S 

July  2I,1«U 

Ashevllle,  P  T  W  B  8 

^•?'*!a 

Atlanta,  FT  WBSM. --!..* 

Sept.  25. 1871 

AtianticLlty.PTWBS 

Dec.  10,1871 

Augusta,  P  T  W  B  S  11 

Nor.   2,1870 

Baker,PTWB8 

July    0.1880 

Daliimore,  PTWBS 

Janf    1,1871 

Bentonviile,  PTWBS 

Mar.  1«^I906 

Bluings 

M*y   MS 

Binghamton, PT  WB  S If 

Oct,     1,1800 

Birmingham, P T W B  Slf!.! 

Sept.  14.100 

Bismarck.  P  T  W  B  S 

Sept.  15,1874 

Blaine 

Jm.  14.  im 

Block  Island,  P  T  W  B  8 

My    l,'l877 

Boise,  P  T  W  B  S  If 

Boston.  P  T  W  B  8  If 

Nor.    1.1870 

BrownsviHe,  V 

Nov.  18.1870 

Buffalo,  P  T  W  B  8  If 

Nor.    1,1870 

Burlington,PTWBSlf 

Mar.  20.1900 

Cairo,  PT  WB8]f 

June    1,1871 

Canton,  PTWBS 

July    1,1900 

Canon  City 

July    1.1910 

Cape  Henry,  PTWB8 

Dee.  15,1833 

Cane  Mav.  T  W 

July  10,1807 

Charles  City.  P  T  W  B  S 

Nov.    1.1904 
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Jan.     6,1871 
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Oct.     6. 1870 

Chattanooca.  P  T  W  B  8  X 

Sept.  12.1870 

Cheyenne,  P  T  W  B  S  If 

Nov.    1,1070 

Chicaeo.  P  T  W  B  S  X 

Dou 

Cincinnati,  P  T  W  B  S  If 

Do. 

Cleveland.  P  T  W  B  8  X    

Do. 

Columbia,  Mo.,  P T  W B  Slf 

Aug.  21,1880 

Columbia,  8.  C.,  P  T  W  BSlf 

June    5,1887 

Columbus,  PTWBS 

July     1.1870 

Concord,  P  T  W  B  S 

Nov.    1.1900 

Concordia,  P  T  W  B  8 

May    1.188S 

Cordova 

Auk.  15,1911 

Corinth 

July     l.iono 

CorpusChrUti,  PT  WB  Slf 

Feb.    i;i887 

Dallas,  PTWBS 

Oct.  15.1918 

Davenport,  PTWBS  If 

May  24.1871 

Dayton,  P  T  W  B  8  If 

July  10.1911 

Del  Monte 

Nov.  10,1010 

Del  Rio,  PTWBS 
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5,291 

861 

730 
1.482 
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76 
3 
3 
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44 
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3 
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71 
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97 
268 
44 
61 
96 
47 
60 

'85* 
50 
133 
102 
60 
89 
82 
67 

Nov.    9.1906 

Denver,  P  T  W  B  8  If 

Nov.  19,l8n 

Des  Moines,  PTWBS  If 

July  29.1877 

Detroit,  P  T  W  B  8  If  .           

Nov.    1.1870 

Devils  Lake,  P  T  W  B  S 

Dee.    7,1904 

Dodze  L'itv.  P  T  W  B  8     

fsrmJS 

Dubuque.'PT  WBSM 

Duluth,  PTWBS  If 

Nov.    l,18n> 

D  urango ». 

Deo.  20.1904 

Dutch  1  larbor  * 

Sept.  6,1011 

Kaifle 

Jmie24.l9T9 

Eastport.  P  T  W  B  8 

Apr.    1,1870 

Elkln8.PTWB81f 

Jan.     i;i090 

El  Pa80,PTWB8 

Apr.    1,1870 
May  25,1870 

Erie.  PTWBS  If 

Escanaba.  PTWBS  If 

May  24,18n 

Eureka,  PTWBS 

Jan.     1,1807 

Evansvllle.  P  T  W  B  8 

Dec.     1, 1807 

FlagstafT,  P  T  W  B  8 

Sept.  9.1800 

Florence 

Mar.  20,1910 

t  Formerly  known  as  Unalaska. 
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Table  l.—Latxivde,  Umgitude,  tlevaiion,  eU.,  of  Weather  Bureau  5to<u>n*-Continued. 


iUtloou. 


yortSmUhpPTWBSli 

Fort  Wflytje,  P  T  WASH 

Fort  Worth,  P  T  W  B  e  K 

FriHDO,  P  T  W  B  B  M... 
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New  Haven,  P  T  W  R  8  M  . . . 
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03 

60 

11 

7 

40 

75 

11 

130 

150 
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4 
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4 
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26 
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114 
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80 

49 
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50 
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80 
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i7 
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63 

74 

4 

42 
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4 
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3 
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Obeerratlcmt 


Apr. 

June 
8«pt. 
Aug, 
Apr. 
Aug. 
May 
Jan. 
July 
8ept. 
Oct. 
Apr. 
July 
Oct. 
Dec- 
Mny 
Apr. 
Stpt. 
Anir. 
Ecpln 
Jufy 
Dec. 
Feb. 
Aug. 


11,1870 

1,1011 

1,1898 

18,1S87 

10, 1^71 

I&.IOU 

24,1871 

I.IBOO 

1,1008 

1,1SS6 

1,l«i7 

16,1892 

1JK88 

7,191S4 

1J880 

16,18«3 

1,ISS0 

1,1904 

20.1900 

16/1900 

1,1881 

1J804 

10, 1871 

20,1905 


F«b.  2L19U8 
Sppt.  ll.lWl 
May  3,1{!00 
2l,18:» 
16, 1B71 

20,1S71 

15.1S72 

1,11(91 


Apr, 
July 
Nov. 
Jan. 
Oct. 
Aug. 
Mny 
Nov. 
Oct. 
Oct. 
Aug. 


1,1910 
1,1007 
1,1000 
1,1872 
8,1894 


Apr  21,1873 
July  1,1877 
Sept.  11,1871 
Sept.  12,1012 
May  24,1871 
Apr.  8, 1800 
Sept.  16,1004 
Nov.  10,1004 
May  11,1871 
May  1,1008 
Mnr.  11,1011 
Feb.  28,1871 
Sept.  1,18^ 
3,1011 
1,1801 
1,1870 
6,1800 


June 
Oct. 
Nov 
Nov 


407   454 
34  I.... 


Aug.  Il,19r8 
Nov.  7,1870 
Jan.  1,1001 
Nov.  0,1870 
Jan.  31,1881 
Sept.  2,1808 
Nov.  1,1904 
Deo.  11,1912 
Oct.  18,1886 
Apr.  1,1882 
Nov.  1,1870 
Deo.  10,1872 
Nov.    1,1870 

Do. 
Dec.     1,1006 
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Norfolk.  PTWRSM 

Morthfield.PTWRSM 

North  Head,PTWRS 

North  Platte,  P  T  W  R  8 

North  Yakima 

Oklahoma^  ity, P T  W  R  S  M. 

Omaha,  PTWRSM 

Oswego,  PTWS 

Paleetine,  P  T  W  R  S 

Parkersburg,  PTWRSM... 

Pasadena 

PasoRobles 

Pensaoola,  PTWRSM 

Peoria.PT  WR8M 

Philadelphia,  PTWRSM... 

Phoenix,  PTWRSM 

Plenre,PTWRS 

PItUburgh.PTWRSM 

Pocatello,  PTWRS 

Point  Reyes  LIghtjP  W  R  S . 

PortCrescent,  PTWRS 

Port  n  uron ,  P  T  W  R  S 

Portland,  Me.,PTWRS 

Portland,  Oreg^P  T  W  R  S  M . . 

Pro  V  iden<>e.  PTWRS 

Pueblo.  P  T  W  R  S  M 

Raleleh,  P  T  W  R  S  M. 


RapldCity,  PTWRS. 
Readhig,  PTWRS.... 


Red  Bluff,  PTWRS. 

Red  lands 

Reno,PTWRSM 

Richmond,  PTWRSM 

Riverside 

Rochester,  P  T  W  R  S 

Roseburg,  P  T  W  R  S 

Roswell,  PTWRS 

Sacramento,  P  T  W  R  S  M 

Saginaw,  PTWRSM 

fit.  Joseph,  P  T  W  R  S 

St.  Louis,  PTWRSM 

St.  Paul,  PTWRSM 

Salt  Lake  ritv.  PTWRSM... 

Ban  Antonio,  PTWRS 

Ban  Bernardino 

Ban  Diego,  PTWRSM 

Sand  Key,PTWRS 

Sandusky,  PTWRS 

Sandy  Hook,  P  T  W  R  S 

San  FranciscOjPT  WRSM.... 

Ban  Jose,  PTWRS 

San  Juan.  P  T  W  R  S 

San  Luis  Obispo,  PTWRS 

Santa  Barbara 

SanUFe,  PTWRS 

Sault  Ste.  Marie,  PTWRSM. 

Savannah,  PTWRSM 

Scranton.  P  T  W  R  S  M 

Seattle,  P  T  W  R  S  M 

Sheridan,  P  T  W  R  S 

Shreveport,  PT  WRS 

8iouxCity,PTWRSM 

Siskiyou 

Sitka 

Spokane,  P  T  W  R  S  M 

Bpringneld,  111.,  PTWRSM 

SprlQ^oId,  Mo.,  PTWRSM.. 

Summit 

8>Tacuse,  P  T  W  R  S  M 

Tacoma,  P  T  W  R  S  M 

Tampa,  PTWRS 


ElevmUao 

Doc 

31. 

1914. 

Local 
meridian 

Lati- 

Longi- 

time 

liBsteror 

slower 

than75tl: 

meridJaD. 

Ba- 

fr»  « 

III 

ObMsrvationa 

tude. 

tude. 

rom- 

etcr 

'above 

sea. 

began. 

•     f 

•       * 

h.   m. 

Ft. 

Ft, 

Ft.  Ft. 

36    61 

76    17 

06  8. 

91 

170 

163  205 

1  Jan,     1,1871 

44    10 

72    41 

09  F. 

876 

12 

3 

60 

Mar.    1,1887 

46    16 

124   04 

3    16  S. 

211 

11 

3 

56 

Aug.    1,1908 

41    C8 

100    45 

1    43S. 

2,821 

11 

8 

51 

Sept.  18,1874 

46    36 

120    34 

3    02S. 

1,076 

4 

4 

Mar.    1,1909 

35    26 

97    33 

1    30  8. 

1,214 

10 

3 

47 

Nov.    1,1880 

41    16 

95    56 

1    24  8. 

1  105 

115 

107 

121 

Nov.    1,1879 

43    29 

76    35 

06  8. 

835 

76 

rs    tfi 

Do. 

31    45 

95    40 

1    23  8. 

510 

64 

f.,>      72 

Dec    3,1881 

39    16 

81    36 

26  8. 

638 

77 

70     M 

July    1,1888 

34    07 

118    10 

2    53  8. 

Deo.    1,19C8 

35    38 

120    41 

3    038. 

.. 

July    1,1909 

30    25 

87    13 

49  8. 

56 

140 

ni  i?i3 

Oct.  27,1879 

40    43 

89    36 

58  8. 

609 

11 

^      15 

Feb.    1,1905 

39    57 

75    09 

018. 

117 

123 

114    \^jO 

Jan.     1,1871 

33    28 

112    00 

2    288. 

1,108 

76 

tS        ?Hl 

Aug.    6,1806 

44    22 

100    21 

1    418. 

1,572 

70 

t.\     .6 

July    1,1801 

40    32 

80    02 

20  8. 

842 

353 

34-    413 

Nov.    1  1870 

42    52 

112    29 

2    30  8. 

4,477 

46 

a:    :4 

July    1,1889 

38    11 

122    51 

3    118. 

490 

7 

:.     3g 

Mar.    1,1889 

48    08 

123    41 

3    15  8. 

259 

8 

(       3 

Oct.     1,189S 

43    00 

82    26 

30  8. 

638 

70 

t*.  m 

July  25,1874 

43    39 

70    15 

19  P. 

103 

82 

7r.   U7 

Jan.   15,1871 

45    32 

122    41 

3    118. 

153 

68 

t:[    i-'6 

Nov.    1,1870 

41    50 

71    25 

14  F. 

160 

215 

213     LT.l 

Oct.   22,1904 

88    18 

104    36 

1    68  8. 

4,685 

80 

7-     ^6 

July     1,18SS 

35    45 

78    37 

14  8. 

376 

103 

6l    1^0 

Apr.    1,1884 

44    04 

103    12 

1    53  8. 

3,234 

50 

4.!     r,S 

Jan.   24,1881 

40    20 

75    58 

04  8. 

325 

81 

7.1     VJ« 

Deo.    1,1912 

40    10 

122    15 

3    098. 

332 

50 

4'^    .:,« 

July    1, 1877 

34    03 

117    12 
119    49 

2    498. 
2    598. 

Deo.    1  1908 

30    32 

4,532 

74 

67      Kl 

Nov.  11,1906 

37    32 

77    27 

10  8. 

144 

11 

■6    ra 

Oct.     5,1807 

33    £8 

117    22 

2   498. 



.. 

Feb.  10,1908 

43    08 

77    42 

118. 

523 

86 

77    ].J2 

Nov.    1,1870 

43    13 

123    20 

3    13  8. 

510 

9 

4      -.7 

July  15.1877 

33    24 

104    27 

1    588. 

3,566 

75 

fty     K5  '  Dec.  20.1904 

38    35 

121    30 

3    06  8. 

60 

106 

10-1    M7 

July     1.1877 

43    26 

83    57 

36  8. 

641 

48 

4:     yi 

Oct.  10,1913 

39    49 

94    51 

1    19  8. 

967 

11 

::     A} 

Apr.  25,1910 

38    38 

90    12 

1    018. 

568 

265 

2frs   Mfi 

Nov.    1,1870 

44    58 

93    03 

1    12  8. 

837 

201 

l»fi    J-ipJ 

Nov.    1,1870 

40    46 

111    54 

2    28  8. 

4,360 

147 

141    1^^) 

Mar.  19.1874 

29    27 

98    28 

1    34  8. 

701 

109 

Ki  ui 

Jan.     2,1878 

34    06 

117    18 

2    408. 

Dee.    1,1908 

32    43 

117    10 

2    49  8. 

87 

62 

5.'     TO 

Nov.    1,1871 

24    27 

81    52 

28  8. 

23 

39 

f^     7i 

June    1,1903 

41    25 

82    40 

818. 

629 

62 

6-1    li.i\ 

Aug.    2,1877 

40    28 

74    01 

04  F. 

22 

10 

1     --^7 

Nov.    1,1914 

37    48 

122    26 

3    10  8. 

155 

209 

205  :U 

Feb.    2,1871 

37    20 

121    54 

3    088. 

141 

12 

.f     H') 

Sept.  28, 1985 

18    29 

66    07 

86  F. 

82 

9 

4     M 

Nov.    1,1808 

35    18 

120    39 

3    03  8. 

201 

82 

2t     i) 

June    1,1886 

34    25 

119    42 

2    59  8. 

.... 

June  15,1911 

35    41 

105    57 

2    04  8. 

7,013 

57 

4:f     ''i 

Nov.  20,18n 

46    30 

84    21 

37  a 

614 

11 

:>  '  v.i 

Aug.    5,1877 

32    05 

81    05 

24  8. 

65 

150 

I4.i    '.'M 

Jan.     1, 1871 

41    24 

75    42 

03  8. 

805 

111 

lOi    h) 

Aug.  17.1900 

47    38 

122    20 

3    00  8. 

125 

215 

2fti   -S-) 

May     1,1803 

44    48 

106    57 

2   088. 

3,790 

10 

;:     -s^ 

Apr.  29,1907 

32    30 

93    40 

1    15  8. 

249 

77 

7o     '..U 

Sept.    3,1871 

42    29 

96    24 

1    268. 

1,136 

94 

81^-    l«74 

Deo.     1,1887 

42    03 

122    39 

3    118. 

4  115 

4 

6      .    . 

Sept.    1,1008 

57    04 

136   20 

4    018. 

90 

3 

' 

Mar.  26,1881 

47    40 

117   25 

2    60  8. 

1,929 

101 

94    W) 

Feb.    1,1R81 

39    48 

89    39 

59  8. 

644 

10 

•1     ■< 

July     1,1879 

37    12 

93    18 

1    13  S. 

1,324 

98 

©i    iikl 

June    3,1881 

39    18 

120    20 

3    01  S. 

Nov.  16,1005 
Aug.  22,1908 

43    02 

76    10 

06  S. 

517 

97 

ffi  m 

47    16 

122    23 

3    10  3. 

213 

113 

im  ;ii'ii 

May     1  18B7 

27    57 

82    27 

30  8. 

S6 

79 

71 

^1 

Mar.  13.1890 
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StatlGoi. 


ITanana 

Tatooeh  Island,  P  T  W  B  8 

Taylor,  P  T  WK  8  M 

Terre  Haute,  PT  WBBM.... 

Thoina8vUle,PTWKB 

TltusviUe 

Toledo,  PTWR8 

Tonopah,  P  T  W  R  8 

TopeKa,^T  WR8 

Trenton,  PTWRSM 

Tucson 

Valdei 

Valentine,  PTWR8 

Vlcksburg.  PTWRSM 

Walla  Walla,  P  T  W  R  8M.... 
Washington  (City)  P  T  WRS  . 
Wichita,  PTWR  8  M. 


Williston,  P  T  W  R  8. 
Wnmlngton,  P  T  W  R  8  M. . . 

Winnemuoca.  P  WR8 

WythevUle.PTWR8 

Yankton,  P  T  W  R  8 

Vellowstone  Park,  P  T  W R  8. 
Yuma,PT  W8 


WS8T  mDUN  STATIONS. 

BarhadoMA 
Bridgetown 

Cura^oA 
Curacao,  PT 

JamaieaA 
Kingston 

THnidad.i 

Port  of  Spain,  P 

Dominiea.i 
Roseau 

Porto  Rico. 

Ban  Juan,  PT  WR  8 

Santo  DomlngoA 

dontoPomingo 

Tvrka  Mand.* 

Grand  Turk,  PV 


Lati- 
tude. 


13  01 

12  06 

17  58 

10  85 

15  17 

18  20 
18  28 
2t  21 


Longi- 
tude. 


1-2  00 

124  44 

97  20 

87  24 

83  S8 

80  51 
83  34 

117  14 
05  41 
74  45 

no  50 

146  13 

100  32 

90  53 

118  20 
77  03 
97  20 

103  35 

77  57 

117  43 

81  05 
97  28 

110  42 

114  36 


59  37 
68  56 
76  48 

61  30 

61  23 

66  07 

60  58 
71  07 


Local 
meridian 

time 
(aster  or 


than  75th 
meridian. 


A.  fn. 
5  OSS. 
3  10  S. 
1  29  S. 

50  8. 

36  S. 

23  8. 

34  8. 

49  8. 

23  8. 

01  F. 

23  8. 
45  8. 
42  8. 

1  04  8. 

2  53  8. 
08  8. 

1  29  8. 

1  54  8. 
12  8. 

2  518. 

24  8. 

1  30  8. 

2  23  8. 
2  38  8. 


1  02  F. 
24  F. 

07  8. 

54  F. 
54  F. 

86  F. 

20  F. 

16  F. 


Elevation  Dec. 
1914. 


31, 


Pa- 
rom- 
eter 
abo\'e 


Ft. 


633 
i>75 
273 
25 
628 

6,090 
963 
190 

2,526 
10 

2,596 
247 

1,000 
112 

l,3i8 

1,872 
78 

4,344 

2,293 
,233 

6,200 
141 


II 


fife 


48     40 


1^ 


90 


6  I    2  !  20 


Obserratioos 
began. 


Sept. 

Nov. 

Nov. 

July 

Aug. 

July 

Nov. 

July 

June 

Apr. 

Feb. 

Sept. 

8^t. 

Sept. 

Deo. 

Nov. 

July 

Nov. 

Jan. 

July 

Nov. 

Apr. 

Dec. 

Oct. 


9,1909 

82,1903 

13,1901 

29,1913 

20,1906 

13,1911 

1,1870 

9,1906 

1,1887 

1,1013 

16,1911 

14,1909 

1,1886 

10,1871 

1,1885 

1,1870 

1,1888 

24,1893 

1,1871 

1,1877 

10,1903 

1,1873 

2,1903 

4,1875 


Aug.  15,1898 

Aug.  0,1808 

Aug.  16,1898 

Aug.  7,1808 

Oct.  20,1808 

Nov.  1, 1898 

Do. 

July  1,1900 


I  Keporls  received  during  the  hurricane 


June  15  to  Nov.  15. 
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SEISMOIXXnCAL  WOBK. 

At  present  the  seismologlcal  records  obtained  io  the  United  States  ore  ol 
two  kinds — instrumental  and  noninstrumentaL  Instrumental  records  are 
obtained  by  the  Weather  Bureau  at  Washington,  D.  C,  and  Northfleld,  Vt.; 
by  tlie  Ck)ast  and  Geodetic  Survey  at  Cheltenham,  Md.,  and  Tucson,  Ariz.; 
and  by  private  institutions,  mainly  educational,  at  a  number  of  places  widely 
scattered  over  the  entire  country. 

The  following  table  gives  all,  or  nearly  all,  seismological  observatories  lo 
the  United  States  proper,  also  tliose  in  Alaska,  Hawaii,  Panama  Canal  Zone, 
and  Porto  Rico.  The  records  obtained  at  tliose  marked  with  an  asterisk  are 
regularly  published  in  the  Monthly  Weatlier  Review. 

Noninstrumental  records  are  taken  at  all  the  Weather  Bureau's  principal 
stations,  nearly  200  in  number,  and  at  its  over  4,000  cooperative  stotiona. 
Tliese  records  are  also  regularly  published  in  the  Monthly  Weather  Review. 

The  chief  needs  of  tiie  service  are:  (a)  To  have  a  few,  perhaps  a  dozen^ 
well-selected  stations  equipped  with  the  best  available  apparatus  and  manned 
with  trained  observers.  (&)  Thousands  of  inexpensive  instruments  capable, 
with  but  little  attention,  of  recording  to  within  a  few  per  cent,  at  least,  the 
maximum  intensity  of  seismic  disturbances.  These  should  be  sufUciently 
numerous,  especially  in  the  more  active  regions,  approximately  to  locate  the 
epicenters,  or  sources  of  disturbance. 

The  prospects  of  securing  the  first  of  these  needs,  namely,  an  adequate 
number  of  well-equipped  and  capably  managed  stations  are  good.  Already 
tlie  number  of  seismic  observatories  in  the  United  States  is  ample,  but  unfor- 
tunately much  improvement  is  needed  in  the  equipments  of  most  of  them. 
This,  however,  should  occasion  no  surprise,  since  seismograplis  are  not  yet 
standardized,  and  since  the  best  instruments  ore  rather  expensive. 

The  prospects  of  soon  satisfying  the  second  need — that  of  a  large  numl>er 
of  elUcient  but  inexpensive  instruments  capable  of  closely  recording  the  maxi- 
mum Intensity — ^unfortunately  ore  not  good.  It  Is  a  need  that  so  far  has 
completely  baffled  tlie'  ingenuity  of  tlie  mechanician,  and  tliere  is  no  assurance 
of  his  early  success.  Progress  in  this,  as  in  so  many  other  things,  awaits  the 
designer  of  apparatus. 

List  of  seismological  observatories  in  the  United  States. 


Place. 

Institution. 

Instrumental  OQulpnimt. 

Albanv.  N.  Y 

New  Yorlc  state  Museum 

2  Bosch-Omori. 

Ann  Arbor  Mich 

Universitv  of  Michigan 

Wiechert  and  2  BowA-Omotl. 

Baltimore,  Md 

J(rfins  Hopkins  University 

Milne  and  Bosch-Omorl. 

Bath  Me          

Private  .'. .'. 

Oroorl. 

Berkelev.  Cal 

University  of  California 

Massachusetts    Institute    of    Tech- 
nology. 
Canisius  Collese 

Wiechert  and  Boedi-OmorL 

Boston,  Mass. 

2  Bosch-Omort 

•Buffalo  NY      

Wiechert. 

*€arnbrldfl».  Mass 

Harvard  University 

United  SUtes  Coast  and  Geodetic 

Survey. 
Loyola  University 

2  Boech-Omorl. 

♦Cheltenham,  Md 

Do. 

Chicago  Hi w... 

Wiechert 

Cleveland,  Ohio. 

St.  Ignatius  College 

Da 

Danville.  Ill 

•Denver,  Colo 

Sacred  Heart  College 

Wied>ert. 

Ithaca  N.Y  

Cornell  University 

BoNch-OmorL 

Universitv  of  Kansas 

Wiechert 

Los  Gates.  Cal 

Private..'. 

Original  Duplex. 
Bosch-Omorl. 

Mare  Island,  Cal 

United  States  Naval  Observatory 

Mills  College 

Mills  College,  Cal 

Ewing  Duplex. 
Wiechert 

Milwaukee.  Wis 

MarquetteUnlverslty 

Mobile,  Ala 

Spring  Hill  College 

Da 

Mount  HamUton,  Cal 

Lick  Observatory,  University  of  Oali- 
fomia. 

Da 
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Plaoe. 

iDstltatfcm. 

Instrumental  equipment. 

•N6W  Hftvcn,  Conn 

Yale  UniTerslty 

Bosch-Omorl. 

New  OrlflAns.  La 

Loyola  Collefse 

Wiechert. 

New  York.  N.  Y 

New  York  Academy  of  Sciences 

Fordham  University 

Mainka. 

♦New  York,  N.  Y 

Wiechert. 

New  York,  N.  Y 

Jesuit  ColleiM,  Brooklyn 

Do. 

•Northftold,  Vt 

United  States  Weather  Bureau 

Chabot  Obseryatory.  PubUc  Schools.. 
l*rInceton  University 

2  BoACh^Omorl. 

♦Oakland,  Cal 

Ewing  Duplex. 

Prinoeton,  N.  J 

♦Point  Loma,  Cal 

RJeiM  Yoga  Aoidemy 

West  Selsmoscope. 
Ewing  Duplex. 

Peno,  Nev 

University  of  Nevada 

♦St.  Louis,  Mo  

St.  Louis  University 

Bt.  Marvs,  Kans* 

St.  Mary's  Collece 

Da 

♦Salt  Lake  City.  Utah     

University  of  Utah    

Bo86h>Omorl. 

♦San  Jose.  Qil.V. 

University  of  the  Pacific 

Ewing  Duplex. 
Wiechert. 

Santa  Clara,  Gal   

University  of  Santa  Clara 

Seattle,  Wash 

University  of  Washington. 

Bosch-OmorL 

Spokane,  Wash 

Gonzasa  CirilMe  .....1 

Wiechert. 

Swarthmore,  Pa 

Swartiimore  College 

Milne. 

♦Tucson,  Ariz 

United   States  Coast  and   QeodeUc 
Survey. 

United  States  Weather  Bureau 

Geomtown  University 

Bo8ch«0mori. 

♦Washlncton.  D.  C 

Marvin. 

Do 

Wiechert    BoeobOmori,     and 

Worcester,  Mass. ..«. 

Holy  Cross  College 

Mainka. 
Wiechert 

♦Sitka,  Alaska 

United   SUtes  Coast  and   Geodetic 

Sur\'ey. 
Tsthmian  Canal  Commiitslon 

♦Balboa    Heights,    Panama 

Canal  Zone. 
♦Vieques,  P.  R 

Da 

United  States  Coast  and  Geodetic 

Surrey. 
do 

Da 

♦Honolulu.  HawalL 

Da 

Observatories  marked  ♦  furnish  reports  for  the  Monthly  Weather  Review.  In  addition  to  the  reports 
furnished  by  these  instrumentally  equipped  stations,  nonlnstrumental  reports  are  received  from  the  nearly 
300  regular  Weather  Bureau  stations  and  some  4,000  cooperative  stations  of  the  Weather  Bureau. 

Tlie  Chairman.  The  following  papers  will  be  presented  and  read 
by  title  at  this  final  session  of  Subsection  B  of  Section  II : ''  Sintesis 
general  de  los  rcsultados  obtenidos  desde  su  fundacion  (ano  1900) 
y  en  sus  distintas  secciones  y  servicios  en  El  Instituto  Nacional  Ffsico 
Climatologico  de  Montevideo,"  by  Luis  Morandi ;  "  Forecasts  of  river 
stages  and  floods  in  the  Ohio  Valley;  their  importance  to  commerce 
and  in  conserving  life  and  property,'*  by  W.  C.  Devereaux ;  "  Tesis 
sobre  Meteorologfa  Agrfcola,"  by  Luis  G.  Tufifio. 


SfNTESIS  GENERAL  DE  LOS  RESULTADOS  OBTENIDOS  DESDE 
SU  FUNDACION  Y  EN  SUS  DISTINTOS  SECCIONES  Y  SERVICIOS 
EN    EL    INSTITUTO    NACIONAL    FISICO-CLIMATOLOGICO    DEL 

URUGUAY. 

Por  LUIS  MORANDI, 

Director  del  Instituto. 

intboducci6n. 

El  conoclmlento  de  las  condiclones  cl!matol<)gIca8  del  Urugnay  y,  en  par- 
ticular, de  la  zona  de  la  capital,  se  basa  hoy  en  series  fundamentos  clentfflcos 
ya  por  los  metodos  de  observacI6n,  rigurosaraente  encuadrados  en  las  disposl- 
clones  adoptndns  por  Congresos  Intemacionales,  asf  como  por  su  amplltud  y 
perfodo  de  tiempo  que  abarca,  que  permite  la  determinaci6n  de  normales. 
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Sin  pretonsloDcs  de  hacer  una  resefia  crftico-histdrica  de  los  elementos  locales 
de  observaci^n  cliiiiatol6gica  escalonados  iiT^:ulaniiente  a  lo  largo  de  on  sislOt 
estil  fuera  de  toda  duda  qae,  de  las  observaciones  conoddaa  por  noBotros,  las 
pertenecientes  a  Larraflaga  (anotaciones  sin  instmmentos :  primer  terdo  dd 
siglo  XIX),  al  Doctor  E.  Saorel  y  a  De  Moussy  (mediados  del  siglo  XIX),  al 
Dr.  S.  Uivas  (en  Mercedes,  tiltimo  tercio  del  siglo  XIX),  a  va&a  de  ser  may  in- 
completas,  ofrecen  dudas  e  irregnlaridades  de  distinta  indole  y  nos  dejan  en 
la  absoluta  ignorancia  con  respecto  a  los  aparatos  empleados,  a  su  control,  a 
su  instalacidn,  etc. 

El  problema  varias  veces  discutido  de  si  sufri6  modificadones  el  clima  del 
Uruguay  desde  la  ^poca  colonial,  deberia  estar  fundamentado  en  la  compara* 
ci6n  de  observaciones  mils  que  en  la  tradld5n  hablada  o  escrita,  falaz  de  sayo. 
Habra  que  prooeder  con  mucha  cautela  en  el  uso  de  los  datos  mencionaclos 
cuando  se  pretenda  establecer  paraleios,  sin  que  por  esto  dej^nos  de  reconocer 
su  relativa  importancia  y  la  utllidad  que  pueden  prestar  en  dertas  Investiga- 
clones. 

Las  primeras  observadones  merecedoras  de  fe,  homog^neas  en  toda  su  dura- 
cidn,  atendldas  con  verdadera  prolijidad  y  llevadas  sin  lagunas  ni  interpo- 
ladones,  son  las  pertenecientes  al  Observatorlo  del  CJoleglo  Pfo  de  Villa  Col6n, 
fundado  en  1882  por  el  P.  Dr.  Luis  Lasagna  y  que  durante  unos  15  ailos  tuvo 
a  su  cargo  el  autor  de  esta  memoria. 

Las  siguen  las  pertenecientes  a  la  Sociedad  Meteorol6gica  Uruguaya,  relativoB 
a  Monteviedeo  y  algunas  localidades  del  interior ;  las  de  la  Sociedad  Ciencias  y 
Artes  y  las  del  Servlcio  Pluviom^trico  Nacional  que  fundara  el  llustrado  mete- 
orologista  A.  CUjmez  Ruano  y  que  mds  tarde  fu^  incorporado  al  Instituto 
Nadonal  Flsico-Climatol6gico. 

De  las  dos  institudones,  complementaria  una  de  otra,  que  se  crearon  por  ley 
de  Julio  de  1905  con  los  nombres  de  Instituto  para  la  PrevisiOn  del  Tiempo  la 
primera  (denominada  luego  Instituto  Meteorol6glco  Nacional)  y  la  segunda 
IiiKtItuto  Nadonal  Ffslco-ClImatolOgico,  tuvo  esta  Ultima  su  verdadero  origen  en 
1900,  bajo  el  nombre  de  Observatorlo  Municipal  del  Prado  por  deberse  su 
iniciativa  al  munidpio  de  Montevideo.  De  esa  ^poca  arrancan  las  observaciones 
que  sirven  de  fundamento  a  la  presente  memoria. 

En  ^ta,  que  es  nuestro  prop6sito  sintetice  la  acd6n  del  Instituto  a  nuestro 
cargo  en  sus  15  afios  de  existencia,  no  estard  de  mds  un  rdpido  bosquejo  hist6rico 
del  mismo,  deslindando  asf  con  toda  la  claridad  posible,  sobre  todo  para  el 
extranjero,  la  existencia,  misi6n  y  responsabilidades  de  las  dos  oficinas  similares 
que  funcionan  en  este  pais. 

El  Observatorlo  llamado  del  Prado  (hoy  CJentral  del  Instituto  Nacional 
Ffsico-CIImatol6glco),  denomlnado  asf  por  limitar  al  oeste  con  los  jardines  de 
nuestro  principal  y  mds  bermoso  paseo  ptiblico,  fu^  fundado  en  1900  por  la 
municipalidad  de  Montevideo,  utilizdndose  para  su  instaladdn  un  edifldo  de 
propledad  de  la  misma. 

Conc^ebida  la  idea  de  su  fundad6n  por  el  sefior  Alberto  G6mez  Ruano,  por 
circunstancias  espedales  ya  estaba  a  punto  de  abandonarse  despu<^  de  hal>erse 
invertido  considerables  sumas  en  las  reformas  de  adaptad6n  del  nntiguo  y 
amplio  edlficio  mendonado,  cuando  en  Julio  de  1899  el  Profesor  Luis  Morandi, 
Director  del  Observatorlo  del  CJoleglo  Pfo  de  Villa  Co\6n  desde  1886  hasta  esa 
fecha,  inidd  gestiones  para  que  se  inslstlera  en  los  prop<3sitos  primitlvos.  El 
^xlto  coron6  sus  esfuerzos;  aceptdronse  sus  servlcios  para  la  organizaci5n  del 
Observatorlo  y  el  19  de  marzo  de  1900  se  le  hizo  entrega  oficial  del  establed- 
mlento  y  terrenes  anexoa. 

Kl  roHto  de  ese  aDo  tu6  empleado  en  la  adqulsid6n,  instalacidn  y  estudio  de  los 
Mparatos,  en  euya  tarea  liubo  que  veneer  no  pocas  dificultades  debidas  especial- 
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mente  a  la  falta  de  recursos,  estando  reduddo  todo  su  personal  al  director  y  al 
secretario,  Sr.  Jer6nlmo  Zolesi. 

Las  principales  observaciones  directas  y  grftficos  prindpian  en  1901,  alio  de  la 
inau£:uracl5n  oficial. 

En  marzo  de  1905,  el  Ing.  Alberto  Gapurro,  Mlnlstro  entonces  de  Fomento  y 
cuyo  nombre  el  Instituto  recordard  siempre  con  gratltud,  encarg6  al  Profesor 
Morandi  un  proyecto  de  nacionallzaci6n  y  ampliaci6n  del  Observatorlo  del  Prado 
que  el  Goblerno  elev6  a  la  asamblea  con  fecha  abrll  1".  Numerosas  modlfica- 
dones  fueron  hechas  al  proyecto  prlmltlvo  que  en  definltiva  provoc6  la  creacldn 
de  dos  Instituciones  independientes,  como  mds  arriba  se  detalla. 

A  partir  de  esa  fecha  que  marca  para  la  InstltuciOn  el  princlplo  de  una  nueva 
y  fecunda  era,  el  Observatorlo  vi6  reforzado  notablemente  su  material  de  Inves- 
tigaci6n,  elevado  el  cuadro  de  su  personal  y  obtuvo  un  presupuesto  que 
aseguraba  su  regular  f undone mlento.  El  Servicio  Pluviom^trico  Nacional,  hasta 
entonces  a  cargo  del  Sr.  A.  G6niez  Ruano,  pas6  a  funcionar  bajo  la  dependencia 
del  Instituto,  sleudo  reorganizado  y  ampHado.  Por  gestiones  personates  del 
director,  favorablemente  acogldas  por  el  presidente  y  director  de  la  Sodedad 
Meteorol6gica  Uruguaya,  D.  Francisco  A.  Lanza,  tambK^n  quedaron  incorporados 
BUS  estadoues  y  su  material  dentffico,  asf  como  su  importante  archivo. 

Tales  son  a  grandes  rasgos  las  Ifneas  hi8t6ricas  de  la  creacl6n  y  evoluci6n  del 
Instituto,  de  cuyas  instalaciones  y  trabajos  se  da  cuenta  detalladaraente  en  lot 
slguientes  capftulos. 

Pabtb  Primeba. 

ORGANIZACION    actual    de    LOS    SERVICIOS    DEL    INSTITUTO. 

capItulo  pbimebo. 

Ubicacidn  del  Observatorio  Central. — ^El  predlo  del  observatorlo  estd  ublcado 
al  norte  de  Montevideo,  como  a  5  kil6metros  de  la  Catedral.  El  edifldo  de 
dos  plsos  se  levauta  en  la  parte  mds  alta  de  una  loma  en  cuyo  fondo  corre 
el  arroyo  Mlguelete.  El  terreno  que  lo  rodea  mlde  un  drea  de  12,000  metros 
cuadrados.  Menos  por  el  este,  donde  lo  llmlta  el  Camino  Sudrez,  estd  rodeado 
a  dlstanda  por  Jardines  y  qulntas.  Al  oeste  llnda  en  parte -con  el  Jardfn 
Botdnlco. 

En  esta  amplla  y  descublerta  superflcie,  no  cruzada  i)or  camlnos  pdblicos, 
y  en  condiciones  inmejorables,  pocas  veces  obtenldas  en  proximldad  de  dudades, 
Be  efectuaron  las  instalaciones  de  conformldad  con  lo  preceptuado  por  las 
exlgenclas  cientlflcas  y  las  dlsposidones  de  los  Congresos  Meteorol6gicos  Inter- 
nacionales. 

Coordcnadas  gcogrAflcas. —IjH  poslci6n  geogrdfica  de  la  torre  fu6  determl- 
nada  en  1901  por  Enrique  Legrand  con  los  resultados  slguientes : 

Latitud  Sur 84'  51'  44" 

Longitud  W.  Paris  —  58*  32'  19".5 

Las  observaciones  fundamentales  fueron  beclias  por  series  y  con  la  mayor 
prolljldad,  dlrlgidas  por  persona  de  reconoclda  competencla  en  la  materia, 
como  lo  es  Indiscutlblemente  el  seflor  Enrique  Legrand,  algunas  de  cuyas 
determlnadones  fueron  aceptadas  para  los  cuadros  del  Anuarlo  del  Bureau 
des  Longitudes. 

Declinacidn  mafinCtica. — El  valor  calculado  para  Montevideo  y  para  el  1* 
de  enero  de  1916  sobre  observaciones  de  Schwerer,  de  la  marina  francesa 
(1889) ;  Silvado,  de  la  marina  brasllera  (1904) ;  y  Alesslo  de  la  marina 
itallana  (1905),  estlmdndose  la  varlad6n  anual  en  — 0*  9'  8"  de  este  a  oeste, 
es  de:  3*  28'  14"  NE. 
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AUura  90hre  el  nivel  medio  del  mar, — ha  altnra  de  la  cubeta  del  lMir6iiietro 
sobre  el  nivel  del  mar  se  fij<)  en  1000  por  varlas  series  de  observadooes  baro- 
m^tricas  siniult^neas  entre  la  Capitanfa  del  Puerto,  Playa  Capurro  y  el  olMwrra- 
torlo.  Las  observaciones  se  practlcaron  de  5  en  5  minutes  durante  media  bom 
en  cada  serie,  con  el  siguiente  resultado  medio:  Altura  de  la  cul)eta  d^  bor6- 
metro,  colocado  en  el  saldn  del  primer  piso :  m.  20.34.  Las  observaciones  baro- 
m^tricas  correlacionadas  con  esta  altura,  llegan  hasta  abril  de  1013.  A  paxtir 
del  24  de  este  mes  y  por  exigencias  de  mejor  serricio,  los  barOmetros  y  bar6- 
grafos  fueron  colocados  en  el  snlOn  bajo  de  entrada,  quedando  su  altura  redocida 
a  m.  24.32.  En  las  tablas  donde  se  resumen  los  valores  del  perfodo  1001— 1014, 
los  posterlores  a  la  fecha  indicada  fueron  reducidos  a  la  altura  prlmitiTa 
medlante  la  correccICn  de— 0.5  mm. 

Local, — ^Los  Edificios  destinados  a  los  distintos  servicios  constan  de  no 
conjunto  de  20  piezas,  de  las  que  17  son  ocupadas  por  oficinas.  Se  destacan  por 
su  amplltud  el  sal6n  de  instrumentos  a  donde  convergen  las  Uneas  de  los  regis- 
tradores  elOctricos,  y  la  Biblioteca-Archivo,  cuya  reciente  reorganizacl^n  j 
ampUacl6n  pone  al  servicio  de  los  estudiosos  y  del  ptiblico  en  general,  una 
interesante  colecci6n  de  obras  y  publicaciones  relativas  a  la  meteorolo^a  y 
geoffsica,  asf  como  las  observaciones  de  todos  los  servicios  de  la  instltuci^n. 

Penonal, — Sin  mencionar  a  los  encargados  de  las  Estaciones  Meteorold^cas 
y  Pluviom^tricas,  la  Oflcina  Central  es  atendlda  por  un  director,  un  subdirector, 
nn  secretario,  tres  auxiliares  y  una  encnrgada  del  Archivo  Pkiviom^trlco. 

A  cargo  de  este  personal  estdn  las  observaciones  de  la  Oficiua  Central,  ei 
cdlculo  y  publicaci6n  de  ostas  y  de  las  recibidas  de  las  estaciones  de  campafia ; 
el  archivo,  transcripciones  y  culculos  de  los  boletines  decddicos  y  mensuales  de 
las  350  Estaciones  PluvlomC'tricas ;  reduccl6n  y  cdlculo  de  los  gi'dficos  y 
observaciones  directas  de  las  18  Estaciones  Termo-Pluviogrdficas ;  idem  de  las 
Estaciones  CIimatol6gicas  de  direccldn  honoraria. 

En  la  correspondencia  con  el  personal  de  los  distintos  servicios  y  con  las 
instituciones  similares,  tratdndose  de  informes  y  pedidos  de  dntos,  comunica- 
clones  a  la  prensa,  administracion,  etc.,  intervienen  directamente  los  dlrectores. 

Actualmente  el  Instituto  es  servido  por  un  presupuesto  de  $10,520  oro  urn- 
guayo.  Un  proyecto  de  reorgauizacidn  del  Instituto  baJo  la  forma  seccionaU 
con  Jefes  respousables,  que  fue  elevado  oportunamente  al  ministerlo  y  que 
estd  en  vfas  de  ser  llevado  a  efecto,  aumentard  el  personal  a  12  empleados,  con 
un  presupuesto  total  de  $22,000. 

Observaciones, — Las  ordinarlas  que  se  practicnn  en  la  Oflcina  Central  se  re- 
fieren  a  los  siguientes  elementos :  Presi6n  atmosf<^rica ;  temperatura  del  aire  ol 
abrigo  (casllla  meteorologica) ;  temperatura  del  aire  a  la  intemperie  (sobre 
cdsped) ;  temperatura  del  subsuelo  hasta  veinte  metros  de  profundidad ;  tempera- 
tura de  las  aguas  del  pozo  manantial ;  temperatura  de  las  aguas  de  los  agua- 
ceros;  humedad  atmosferlca  (absoluta  y  relatlva);  direcci6u  y  velocidad  del 
viento  inferior;  velocidad  de  las  corrlentes  ascendentes  y  descendentes  (anem6- 
metro  Richard) ;  cantidad  y  duraci6n  de  la  lluvia ;  evaporaclou  a  la  sombra,  a  la 
intemperie  y  en  tlerra  de  cultivo;  fenOmenos  varios  (granlzo,  cerrazOn,  rocfo, 
helada,  manifestaciones  el^tricas,  nebulosldad) ;  nivel  de  la  napa  de  agua  del 
manantial ;  sism6grafo  Alfani ;  slsm6grafo  Vicentini. 

Se  practican  ademds  observaciones  alsladas  de  temperatura  en  distintas  con- 
diciones  de  instalaci6n  en  dfas  sefialados  por  ondas  notables  de  calor  o  de 
frfo;  observaciones  de  la  presl6n  durante  notables  agitaciones  atmosforlcns  o 
fuertes  aguaceros  (estatOmetro) ;  observaciones  directas,  breves,  de  lluvia  o 
de  velocidad  del  viento  cuando  se  considera  que  pueden  ofrecer  valores  intere- 
sontes. 
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ElevaciiSii  de  cometas  meteoroldglcas. 

Lanzamientos  de  globos  pilotos  y  (en  reducidos  proporciones  hosta  ohora, 
por  miiltlples  circunstandos)  de  globos  Bondns. 

Slempre  que  se  ofrece  la  oportunldad,  determlaacidn  del  uKklulo  de  elosticidad 
de  las  rocas  por  el  m^todo  del  Dr.  Oddone. 

De  esa  serie  de  observaciones  se  obtienen  valores  horarios  por  reglstradores 
autoiuAticos  de:  Preston  barom^trlca  (bariSmetro  Richard);  tempera tura  de! 
aire  al  abrlgo  (terradgrafo  Ulchard) ;  liumedad  relatlva  (hlgrdmetro  Richard 
y  Fuess) ;  direccI6n  del  viento  (anemometro  Richard,  Negrettl  Znnibra  y 
Denza) ;  velocidad  de!  vlento  (anem6inetro  Richard,  Negrettl  yZambra,Dcnza) ; 
oeraun6grafo  (Fuess  y  Alfani) ;  liuvia:  cantidad,  duraci6n  y  distrlbucl6n  (plu- 
vi6grafo  Uellmann-Fuess). 

Reduccidn  do  los  grdficoa. — ^Los  valores  horarios  se  deducen  de  los  registra- 
dores,  corrlglendo  los  dlagramas  por  medio  de  observaciones  directas.  Kuestro 
procedimiento  es  sustitutlvo  del  que  impone  una  correcci(3n  tlnlca  constante 
0  correcciones  intergraduales  deterroinadas  de  tarde  en  tarde:  procedlrolentos 
sujetos  a  multiples  errores  por  las  varlaclones  contfnuas  a  que  est&n  ex- 
puestos  los  mejores  apnratos,  sobre  todo  por  las  Inerclas  instrumeutales  despu^ 
de  persistUr  durante  algtln  tiempo  valores  muy  altos  o  muy  bajos. 

Exige,  es  cierto,  una  instalaci6n  muy  esraerada,  observaciones  de  control 
muy  prolijas  y  una  constante  vigilancia,  pero  el  control  lleyado  con  intervalos 
mdximos  de  pocas  horas,  da  por  resultado  la  ellminacl6n  de  todo  error  sensible. 

El  hecho  de  haberlo  vlsto  adoptado  por  ob8er\*atorlos  europeos,  como  pudlmos 
comprobarlo  personalmente  hace  pocos  ados,  nos  confirma  en  la  bondad  del 
sistema. 

Para  que  se  apreclen  como  es  debldo  las  observaciones  horarlas,  que  slrven 
de  l>ase  a  numerosos  capftulos  de  esta  memorla,  creemos  convenlente  indlcar 
los  detalles  de  la  reduccl6n  de  los  gr&flcos,  especial izAndonos  con  el  term6grafo. 

El  reglstrador,  Instalado  en  proxlmidad  de  un  buen  termOgrafo,  se  vigtia 
constantemente :  con  frecuencia  se  efectOan  observaciones  dlrectns  extra'ordi- 
narlas  para  aumentar  las  ordinarlas  de  control,  que  corresponden  a  las  7h,  14h 
y  21h.  Para  evitar  interrupclones  o  coniparar  curvas  durante  marclms  accl- 
dentadas,  o  mds  o  menos  Irregulares,  funciona  slmuitdneamente  otro  termOgrafo 
de  Igual  procedencia  y  proporci6n. 

Al  ocupamos  de  las  fajas,  la  primera  operaci6n  es  Intersecar  la  curva  con 
una  breve  y  flna  Hnea  vertical  en  el  punto  que  corresponde  exactamente  a  las 
boras  impares,  pues  en  el  trazado  de  las  faJas  las  divislones  verticales  pro- 
ceden  de  dos  en  dos  horas. 

Esta  operaci6n  es  muy  delicada'e  Importante,  sobre  todo  en  el  term6grafo, 
donde  las  varlaclones  horarlas  son  rdpidas.  Se  procede  luego  a  la  lectura  do 
la  faja  en  los  puntos  correspondlentes  a  cada  hora  del  dia.  Los  valores 
obtenldos  en  primera  lectura  se  cotejan  con  la  faja  a  la  vista,  trabajo  que 
ordlnarlamente  no  reallza  el  mlsmo  empleado  encargado  de  la  primera  lectura. 
Asegurada  as(  la  exactltud  de  la  transcrlpclon,  se  coplan  debajo  de  los  valores 
grilficos,  los  correspondlentes  a  las  horas  de  observaci6n  dlrecta  (si  se  ban 
hecho  observaciones  extraordlnnrlas,  tambiun  se  utllizan)  y  se  determinan 
las  dlfcrenclas  rcpnrtl^ndolas  equttatlvamente  entre  las  24  horas. 

La  tolerancia  mdxima  en  el  adelanto  o  atraso  del  reloj  es  de  10  minutos  por 
•emnna. 

Aparatos, — ^Todos  los  que  funcionan  en  el  observotorio  son  demaslado  cono- 
cldos  por  los  t^nicos,  para  que  conslderemos  necesarlo  detallarlos.  Dlremos 
tan  s6lo  que,  para  el  control  termometrlco,  posee  el  Observatorlo  Patrones 
Fuess  y  Baudin,  que  a  su  vez  son  objeto  de  frecuente  vigilancia. 
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Los  anemdmetros  est&n  insUlados  a  4  metroe  sobre  la  azotea  de  la  tocre, 
llbres  de  toda  inflnencia  y  dominando  por  complete  ediflcios  y  arboledas. 

La  casilla  termoro^trica,  de  un  modelo  especial,  ideado  por  el  director  y  qoe 
con  placer  vimos  reproducido  por  el  servicio  meteorol6gico  franco  en  aa 
instalaciones  coloniales,  es  amplla,  de  gran  circulacl6n  de  aire,  y  al  mismo 
tlempo  blen  resguardada  contra  los  vientos  impetuosos  y  los  violentos  agoaceros 
frecnentes  en  uuestro  clima.  Se  halla  instalada  sobre  c^iq)ed,  a  nUks  de  50 
metros  de  todo  edificio. 

Los  geo-term6metros  son  de  sistema  Dnmont :  vaHllas  de  madera*  Introducidas 
en  tubos  tambi^  de  madera,  estando  el  dep6sito  del  tenn6metro  y  parte  de  la 
escala  aislados  por  una  capa  de  cebo  que  los  defiende  contra  riUpidas  varla- 
clones  en  los  momentos  de  la  observaci6n. 

Los  pluvi6metro8  se  kalian  a  pocas  decenas  de  metros  de  la  casilla,  a  1^ 
metros  sobre  el  suelo. 

PabcUdn  Sismico, — ^Al  nadonnlizarse  el  que  fu^  Observatorio  Muoidpal  dd 
Prado  para  convertirse,  segtin  lo  expusimos  mds  atrAs,  en  el  actual  Instituto 
Nacional  F£sico-Climatol6gico,  proyectdse  una  secci^n  microsismogrAfica  part 
el  estudio  especial  de  los  movimientos  reflejos  del  suelo,  ya  que  el  cardcter 
aslsmico  de  nuestro  territorlo  esclufa  la  necesidad  de  instalaciones  sismo- 
grdflcas  generates. 

Para  proceder  a. los  trabajos  respectivos  y  poder  concretar  todos  Iob  detalfef 
de  la  nueva  secdon,  se  consultaron  r^utadas  entldndes  de  este  ramo  de  la 
raoderna  ffsica  terrestre,  el  Coude  Montessus  de  Ballore,  Yicentlni,  Alf^ni. 
Agamennone,  etc.,  al  mismo  tiempo  que  requerfamos  de  conoddas  casas  cods- 
tructoras  y  tunicas  informes  sobre  sistemas  de  aparatos. 

Resultado  de  esa  labor  prellmlnar  fu^  la  elecd6n  de  los  microsismdgrofos 
Vicentini,  modelo  1906,  en  virtud  de  las  notables  condiclones  de  sensibilldad  y 
delicadeza  de  funcionamiento  que  les  dieron  merecida  nombradfa. 

Puesto  al  tanto  de  los  prop<)slto8  perseguldos  por  nosotros,  el  Profesor 
Vicentini  dlspuso  la  construcciiSn  de  un  p^ndulo  horizontal  de  brazo  flexible  de 
acero  con  masa  de  00  kilogramos  y  un  p^ndulo  vertical  con  nmsa  de  75  kik>- 
gramos ;  aqu^l  para  la  componente  vertical  y  el  Ultimo  para  las  dos  componentes 
horizontales,  normales  entre  sf. 

Las  palancas  ampllficadoras  de  ambos  aparatos,  combinadas  con  los  Indices 
inscriptores  de  vldrio,  dan  al  movimiento  original  una  multiplicadiki  grdfica  que 
puede  alcanzar  a  120  para  la  componente  vertical  y  a  100  para  las  horizontales. 

Por  otra  parte,  las  innovadones  iutroducidas  por  el  autor  en  el  diiq)ositivo  y 
en  algunos  organisraos  de  dichos  reglstradores  a  fin  de  evitar  en  k)  posible  los 
roces,  dieron  a  este  aparato  las  cualidades' mds  apropiadas  para  un  escelente 
funcionamiento. 

Nos  preocupamos  entonces  de  que  respondiera  en  todo  concepto  al  programs 
de  estudios  del  Instituto  la  instalaci6n  de  estos  p^ndulos  y  la  de  otro  par  de 
horizontales  sistema  Alfani,  en  los  que,  a  mds  de  evidentes  mejoros  en  lA 
amplificad6n  de  las  registraciones,  la  anotad6n  del  tiempo  en  minutos  te 
obtiene  por  las  mismas  plumas  iuscriptoras  de  los  movimientos  sfsmicos. 

Prevlos  algunos  sondajes  del  subsuelo,  realizados  por  el  Departamento  Na- 
cional dc  Ingenieros,  se  resolvid  construfr  el  pabell6n  sfsmlco  hacia  el  fondo  del 
vasto  parque  anexo  al  Instituto,  contiguo  al  Jardfn  Botdnico  y  a  180  metros  de 
la  calle.  Se  resolvi6  tambi^n  instalar  los  pilares  de  sustentaciOn  de  aparatof 
en  sOtanos  de  cierta  profundidad  para  mejor  indQ;>endizarlo8  de  vibradonefl 
artiflciales. 

La  ausencia  de  roca  en  proximidad  de  la  superflcie  del  suelo,  fu4  motive  de  que 
se  llevara  la  excavaci6n  drcular,  de  7  metros  de  didmetro,  hasta  8  metros  de 
profundidad  donde  se  ha\\6  una  estrata  de  gravas  muy  compacta,  sobre  la  cual 
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se  vaci6  uo  maclzo  de  cemento  armado  de  2.50  metros  de  ancho  por  8  de  largo  y 
2  de  alto,  a  modo  de  plataforma  de  la  que  arrancan  los  dos  pilores  de  8uspen8i6n 
de  los  micro8lsm6grafos. 

Mi(]e  el  primer  pilar  3  metros  de  altura  y  2  metros  el  segundo ;  tienen  uno  y 
otro  1  metro  de  lado  y  estdn  orientados  exactamente  a  los  ruml>os  cardinales. 

El  piso  inferior  del  pabell6n  sfsmico,  o  sea  de  la  sala  de  aporatos,  al  trav^ 
del  cual  emergen  los  dos  pilares  y  el  z<)calo  rectangular,  se  independiz6  en 
absoluto  de  esas  tres  construcciones  ai  mismo  tiempo  que  la  dlstancia  existente 
entre  el  macizo  de  sustentadOu  4le  loa  sism^grafos  y  la  pared  circular  del  edifi- 
cio,  garantizaba  un  buen  aislamiento  contra  la  influencia  de  vibraciones  artlfi* 
dales. 

En  efecto,  se  comprob6  experimentalmente  durante  los  seis  primeros  meses 
que  el  aislamiento  de  los  pilares  y  la  profundidad  de  la  clmentaci6n  exclufa  la 
percepci6n  de  las  oscilaciones  superficiales  provenientes  del  trftfico  urbano. 

Los  dos  p^ndulos  liorizontales  de  Alfani  llevan  una  masa  de  06  kilogramos. 
£1  de  la  componente  este-oeste  realiza  una  oscilaci6n  completa  (ida  y  retorno) 
en  16.2  segundos;  el  otro  (norte,  sur)  en  13.1  segundos. 

Arabos  aparatos  fundonaron  hasta  el  presente  sin  amortiguadores,  aunque  se 
bideron  por  vfa  de  ensayo  aplicaciones  de  aroortiguador  Hquldo  en  el  Viceutini. 
Como  este  punto  no  parece  todavfa  sufldentemente  dilucidado,  ni  est&n  de 
acuerdo  los  sism61ogos  en  la  aplicad6n  de  un  m^todo  definitivo  los  aparatos  no 
sufrihln  modificaciones  mientras  no  sepamos  a  ciencia  derta  a  que  atenemos  al 
respecto. 

Instalacioncs  acrol6gica», — ^Dispone  el  Observatorlo  de  un  pabell6n  giratorio, 
ubicado  en  el  centro  del  predio  y  puesto  en  movimiento  por  un  pequefio  motor 
el^ctrico  que  al  mismo  tiempo  mueve  los  carretes  de  lanzamientos  de  cometas. 
Numerosas  elevadones  fueron  realizadas  en  los  primeros  a&os  del  Observatorlo, 
utilizdndose  Ck)metas  Hargrave  y  rusas  hemicilfndricas,  con  resultados  que 
flguran  en  anuarios  y  memorias. 

Pero  fu^  necesario  abandonar  este  medio  de  investlgadones  adreas  por  los 
peligros  que  ofredan  las  numerosas  Instaladones  el^tricas  que  en  los  tiltimos 
afios  se  multiplicaron  hasta  hacer  materialmente  imposlble  el  empleo  de 
cometas. 

El  lanzamiento  de  globos-sondas  que  se  practic«1  y  se  sigue  practicando  to- 
davfa a  largos  intervalos.  con  resultados  medianos  desde  el  punto  de  vista  de  la 
recuperad6n  del  material  dentfflco,  ofrece  la  doble  diflcultad  de  la  proximidad 
del  mar  y  la  escasa  densldad  de  poblad6n  del  interior,  que  malogron  muchos 
experimentos. 

El  Instituto  no  se  haK'^  por  el  memento  en  condidones  de  afrontar  a  menudo 
la  p^rdlda  o  deterioro  Ov,  ^  material  costoso,  sin  una  fundada  esperanza 
de  que  un  porcentaje  remunerador  de  registradores  recuperados  haga  posible 
para  nosotros  ese  sistema  de  investlgadones. 

El  Instituto  hace  gestiones  para  obtener  de  los  poderes  pAblicos  la  Incor- 
IK>rad6n  a  la  oflcina  de  una  estad6n  suplementaria,  que  se  Instalarfa  en  un 
punto  sufldentemente  alejado  de  la  Capital  como  para  hacer  factible  la 
Insta1aci6n  de  un  servido  aerol6gico  a  la  par  que  de  un  plantel  para  observa- 
dones  de  magnetlsmo  terrestre  y  eledriddad  atmosf^lca  y  teltirica,  que  laS 
exlgendas  dentfficas  de  una  buena  lnstalaci<Sn  no  permiten  efectuar  en  la 
Oflcina  Central. 

Con  mayor  frecuencia  y  con  mejores  resultados  se  practicaron  los  lanza- 
mientos de  globos  pilotos,  experimentos  mds  proporcionados  con  nuestros  medios 
y  nuestras  condidones  de  ubicaci6n.  De  los  resultados  obtenidos  hasta  la  fecha 
Be  da  cuenta  en  otra  parte  de  esta  Memorin.    Los  procedimlentos  son  los  mismos 
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que  vlmos  enipleados  con  ^ito  en  Trappes  y  Pavfo.  El  fundamento  es  el 
prindpio  de  Quervain  que  observaciones  locales  tarobl^n  confirinaron,  de  que 
la  velocldad  ascensional  de  los  globos  pllotos  no  sufre  alteraclOn  seuslble 
con  la  altura»  por  lo  menos  mientras  no  se  escedan  los  10,000  o  12,000  nietroe 
y  cuando  no  se  extreme  la  fuerza  ascensional. 

El  material  empleado,  despu^  de  varlos  ensayos  con  el  procedente  de  variaa 
f&brlcas  europeas,  nos  lo  provefa  la  casa  Pirelli  de  Mildn,  deblendo  confesar 
que  results  excelente  desde  todos  puntos  de  vista. 

La  persecucl6n  de  los  globos  se  liace  con  te^olitos  Quervain  modlficados  por 
Salmoizaghl. 

La  fuerza  ascensional  se  determina  por  relacl6n  entre  el  peso  del  globo  desln- 
flado  y  su  empuje,  utUlzando  al  efecto  para  mayor  comodtdad  tablas  grdllcas 
que  nos  fueron  propordonadas  por  el  Profesor  Pericles  Gamba,  Director  del 
Observatorlo  de  Pavla. 

Las  dlficultades  para  proporcionamos  materiales  y  gas,  debldo  a  la  dlfldl 
situacl6n  actual  de  Ins  industrias  europeas,  nos  obllgaron  a  suspender  tem- 
poralmente  estos  lanzamlentos :  pero,  liemos  iniciado  gestlones  con  casas 
americanas  a  fin  de  ponernos  en  condidones  de  reanudarlos  a  la  nmyor 
brevedad. 

Scrvicio  pnra  la  prenaa  y  el  pAbUco — Conaultaa  y  pttMicactoiict.— El  In^ltuto 
publlca  mensualmente,  y  desde  1003,  un  Boletfn  que  contlene  lit  cxtcnao  la 
mayor  parte  de  sus  ob6er>-aciones  regulares  y  dd  servldo  pluviouietrico  y 
que  se  dlstrlbuye  entre  las  instituciones  slmllares  del  pais  y  del  extra njero. 
Publlca  ademds,  una  sinopsls  meteorologica  anual  que  ve  la  luz  en  el  Anuario 
<}eneral  de  Estadfstica,  resAmenes  mensuales  que  publlca  el  Boletfn  de  Esta* 
dfstlca  Municipal  y,  cuando  las  circunstandas  as!  lo  exigen,  Memorias  aubre 
temas  especlales. 

Todos  los  dias  expone  en  parajes  ptlbAcos  de  la  Capital  los  boletlnes  diarloe 
de  los  prlndpales  valores  dlmat^ricos  con  las  normales  del  mes,  que  faclllton 
su  interpretacl6n.  Gada  dlez  dfas  sumiutstra  a  la  prensa  y  expone  al  pi!kblico 
un  extenso  Boletfn  PIuviom<^trico  liedio  sobre  la  base  de  ochenta  estnclones, 
que  ofrece  tambl^n  una  idea  de  conjunto  de  las  condidones  generales  del 
estado  de  los  campos,  ganados  y  cultlvos. 

Reprodudmos  a  continuacI6n  una  parte  de  uno  de  esos  Boletlnes  escogldo 
al  azar,  para  que  quede  demostrada  su  importanda  y  su  aspecto  prdctico. 

Iiutituio  Nacional  FiaicfhcUmatoldgico — Ob9crvatorio  Central  Prado  MontC' 
vidco^Scccidn:  Servicio  Pluviomdtrico — Doletln  dccddico  del  11  al  tO  affOMto, 
1015. 
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Kn  cuanto  a  las  consultas,  debe  partlrse  del  prlnclpio  de  que  por  costumbre 
tomada  desde  la  fundaci6n  del  Observatorio,  sus  archives  y  su  blblloteca  estdn 
abiertos  de  par  en  par  y  sin  trabas  de  ninguna  especie  a  los  que  tlenen  inters 
en  consultarlos,  hasta  dlsponer  la  Dlreccl6n  en  numerosos  casos  que  algtin 
empleado  coadyuve  en  la  obra  de  consulta  o  estudlo  emprendido  por  visitantes. 

Con  todo  empefio  se  atienden  tambl^n  los  pedidos  de  datos  que  proceden  del 
interior  o  del  extranjero,  empefidndose  el  Institute  en  llevar  el  convenclraiento 
a  todos  de  que  su  mejor  deseo  es  que  se  utillce  en  beneficlo  de  la  comunldad  la 
paciente  labor  acumulada  en  sus  reglstros. 

Es  interesante  y  a  veces  muy  curloso  el  ver  las  aplicaclones  imprevlstas  que 
de  los  datos  se  hacen  en  toda  clase  de  industrlas  e  investigaciones,  hasta  en 
asuntos  que  no  parecerlan  guardar  con  ellos  relaci6n  de  ninguna  especie. 

El  Serviclo  Pluvlom^trico  se  halla  Instalado  en  forma  que  podrd  permitlr, 
en  lugar  del  Decddico,  el  dlarlo,  apenas  se  resuelvan  riertas  diflcultades  de 
orden  ajeno  a  nuestra  lntervenci<Sn.^ 

CAPfTULO    SEGUNDO. 


Servicio  Cliniatoldgico  Nacional. — El  Serviclo  Cllmatol6glco  consta  de  esta- 
ciones  de  segundo  orden  con  dotaclones  mAs  o  menos  completas  de  instrumentos, 
segtin  las  circunstancias,  la  condicl6n  de  las  personas  o  de  la  instltucl^n  que 
las  toraan  honoraria  men  te  a  su  cargo;  y  de  dleclocho  Estaclones  Termo- 
Pluvlogr&flcas  'instaladas  en  las  capltales  departamentales,  a  cargo  de  em- 
pleados  muuiclpales,  con  modesta  retrlbuci6n.  Entre  las  prlmeras  descuella  por 
su  Importancia  y  la  competencla  de  las  personas  que  las  dirlgen  la  de  Baflado 
de  Medina  (Estacl6n  Agron6mica  Nacional),  Elstanzuela  (Idem,  Idem  en  el 
Depart  de  la  Ck)lonIa),  Mercedes  (Estancla  Caviglla)  a  cargo  del  Ingeniero 
Agr<3nomo  Brenno  Benedetti. 

De  su  dlstrlbucl6n  da  Idea  el  pequefio  mapa  adjunto. 

Las  estaclones  del  segundo  grupo  fueron  creadas  por  motives  y  con  pro- 
p6sitos  especlales.  Dada  la  dlficultad  de  encontrar  personas  que,  con  la  deblda 
constancla  y  competencla,  se  hlcleran  cargo  de  una  Estacl6n  completa,  aceptando 
horarlos  de  observacl6n  slempre  algo  molestos  para  el  Observader,  se  pens6 
en  dotar  las  Intendenclas  de  Campafia  de  aparatos  de  reglstracl6n  hebdo- 
madarla  de  la  tempera  tura  y  de  la  lluvla,  los  dos  elementos  fundamentales  de 
la  cllmatologla.  Observaclones  y  medlclones  directas  practlcadas,  slendo 
poslble,  una  vez  por  dfa  o  por  lo  menos  con  la  mayor  frecuencla,  per  ml  ten 
apllcar  a  los  lesultados  grdficos  las  correcclones  necesarlas  para  deduclr  los 
extremes  y  los  promedlos  en  una  forma  an&loga  a  la  empleada  para  los  grdflcos 
del  Observatorio  Central,  queilando  en  archives  un  material  Importante  de 
consulta  para  ulterlores  estudlos. 

Dames  a  contlnuaci6n  la  poslcl6n  geogrdfica  de  las  estaclones  cllmatel6gicas 
y  su  altura  aproxlmada  sobre  el  nivel  del  mar. 
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Sulto 

Tacuarcinl;<5, 


Ix)calidad. 


Artigas  (Ciudad). 

Rivera 

Salto 

TacuaremW 

Pampa 

i'avsjindrt 

irelo 


Lafltud 
sur. 


30  17 

30  .'3 
81  20 

31  40 

32  12 
32  18 
32  22 


Lougitud. 
(Monte- 
video.) 

Altura 

.sobre 

el  mar. 

0    21  W. 

Metro*. 

0  25  E. 

1  SOW. 
0      2  W. 

0  9  W. 

1  oS  W. 

2  1  E. 

203.8 
43.0 

137.0 

214.0 
47.0 

220.0 

I'aysandti 

(•<Tro  l.nn;o 

1  Desde  fines  de  1916  fundona  regularmente  el  fiervicio  Pluvio-Telcpr^/lco  diario  con 
obaervacionea  procedentes  de  150  estaclones. 
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Departamento. 

LocaUdad. 

Latitod 
8ur. 

Longftad. 
(Monte- 
video.) 

Altm 
r>tr« 

DuiBsno 

Molies  de  Qainteros 

•      / 
33    58 
83     7 
33    13 
S3    15 
33    25 
33    33 

33  53 

34  12 
34    20 
34    28 
34    80 
31    31 
34    46 
34    48 
34    49 
34    51 
34    55 

0  86W. 
2     5  W. 

1  5aw. 

1  45  E. 
0  2SW. 
0  53W. 
0      7  W. 

0  0 

1  29  W. 
1  39  W. 
1  55  K. 
0  6  E. 
0  9  R. 
0  3  W. 
0      1  W. 

0  0 

1  16  E. 

MOfm. 
I40LO 

Rio  Negro 

Fray  Bantos 

MLO 

Soriano 

Mercedes 

2L0 

TreJntay  Trea * 

Treinta  y  Tre? 

Ihinumo. ..  a 

Durazno 

810 

Floras 

Trinidad- PoroDcoa 

Florida 

LaCrui 

127.0 

Florida 

m.0 

Colonia 

Estanxiiela 

SLO 

rni«Yn{% 

&.0 

Rooha 

Rocha 

S2.0 

CanelonM...... 

Oiiadalupe 

asLO 

Toledo 

610 

IContevidao 

Villa  Coldn 

4L6 

Sayago 

44.0 

Montevideo 

316 

Maldonado , 

14.0 

CAPfTTJLO  TEBCEBO. 


Servicio  Pluviom^trico. — OoDSta  actualmente  de  850  estaclones.  Su  distrfbn- 
ci<3D  en  el  pais  no  es,  en  realidad,  todo  lo  homog^nea  que  fuera  deseable :  se  dan 
casos  de  estaciones  ubicadas  a  breve  distancia  una  de  otra  y  de  zonas  de  im- 
portancia  sin  estaciones.  Pero,  mientras  reconocemos  estos  defectos  y  nos 
esforzamos  per  corregirlos,  resulta  dlffdl  encontrar  medios  pr&ctlcos  para 
obtenerlo.  Se  tropieza  con  dificultades  de  distinto  orden  como  tambi^n  resulta 
dlffcil,  a  pesar  de  nuestra  vlgilancia  e  inststencia,  el  obtener  la  constancia  en  la 
prosecuci6n  de  las  observaciones. 

Ei  mapa  adjunto  da  idea  de  su  dlstribuci6n  en  todo  el  pais,  salvo  para  el 
Departamento  de  Montevideo,  donde  las  estaciones  son  mds  numerosas  de  las 
que  figuran  en  el  mapa,  en  parte  para  fines  dlddctlcos. 

El  tlpo  de  pluvl6metro  adoptado  es  el  reglamentario  en  meteorologia,  segtin 
las  dlsposiclones  de  los  Congresos.  La  Casa  Ch.  NOE,  de  Paris,  nos  provee  de 
aros  met&Ucos  que  enclerran  una  superficle  de  cuatro  decfmetros  cuadrados  y  de 
las  probetas  o  vasos  roedidores,  de  vidrio.  El  dep<3slto  del  pluvl6metro  es  de 
construccl6n  local.  Su  colocacWn  se  conf  fa,  en  general,  a  empleados  del  Observa- 
torio  que  tienen  normas  preclsas  para  escoger  lugar  aparente,  dejar  Wen 
nivelado  el  aparato  y  dar  las  neeesarlns  Instrucclones  para  la  buena  observacidn 
del  mismo. 

Los  pluviOmetros  son  insi)ecciouados  i)or  lo  menos  una  vez  por  afio. 

Es  Importante  hacer  constar  (para  la  i^iejor  Interpretacldn  de  las  observa- 
ciones, de  las  que  nos  ooupamos  mils  adelante),  de  que  la  observacl6n  del 
pluvi6metro  se  practlca  a  las  7h-8h  de  la  maHana,  atribuyendo  al  dla  anterior 
ol  total  de  agua  recoglda  en  dlcha  bora. 

Los  Boletlnes  Mensuales  de  Liu  via  son  remltldos  al  Observatorlo  Central 
donde,  como  ya  se  dijo,  son  calculados,  transcrlptos  a  un  reglstro  general  para 
luego  ser  publlcados  en  resumen  en  el  Boletin  Mensual  del  Instltuto. 

De  estas  Estaciones  Pluvlom^trlcas,  160  se  hallan  instaladas  en  las  comlsarfan 
del  Interior,  a  cargo  de  los  escrlbientes  de  dlcbas  dependencias  polldales,  qulenee 
deben  realizar  las  observaciones  correspond ientes  y  frasmitlrlas  en  fechas  regla- 
nientarlas  a  las  jefaturas  respectivas  para  ser  desde  alH  pasadas  a  la  Oficina 
Central.  Dlchos  funcionarios-observadores  perclben,  de  acuerdo  con  la  Ley  de 
creaci6u  de  est*  servicio,  un  pequefio  sobresueldo  mensual. 

Otros  130  pluvldmetros  funcionan  a  cargo  de  los  jefes  de  Kstaciou  del  Ferro- 
« .Miil  Central  del  Uruguay,  cuya  superlntendencla  del  trftflco  ha  respondldo 
NJeuiim'  411  1.1  forma  niAs  encomiable  a  los  prop6sltos  del  Instltuto  en  todo  lo 
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relativo  al  serviclo,  coadyuvando  eflcazmente  para  obtener  un  funciouanileDto 
satisfactorio  en  todas  las  Ifneas. 

Los  dem&s  estdn  a  cargo  de  lustltuclones,  estnbleciinientos  gauadero-a^foolas 
y  partlculares  del  Interior,  los  que  prestan  desiuteresadamente  su  cooperacion 
al  Instltuto. 


Hapa  pluTiom^tico  t  rasado  sobre  la  base  do  53  estaclones  del  Fervfoio  pluviomdtrioo  del  Instituto. 

Pabis  Ssounda. 
bxsxtltadob  gkneralbb  ds  los  sebvicios  anteriobx8. 

CApfnn/)  FRrificRo. 

8eooi&n   CUmatologia  del   Ohaervatario   Central^Montevideo. 

TSICPEBATURA    O.    AL    ABRIGO. 

Nomuil  anual  y  extremos  absolutos. — ^El  promedlo  anual  de  la  temperatura^ 
que  puede  aceptarse  como  normal  provlsoria,  es  de  16*  1,  como  resulta  de  obser- 
vft clones  horarlas  del  perfodo  1901-1914.  Dnmos  a  oontlnuaclcSn  los  promedlos 
correspond  lent  OS  m  cnda  nfjo. 
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Afio. 

Tempe- 
ratura 
m«d. 

Aflo. 
1906 

Tenji>e- 
T  at  lira 

1 

Aflo. 

Tempe- 

ratur» 

1901 

1«*    6 
U     6 
10     6 
16      1 
15     9 

16'    8 
16      1 
15      8 
15      4 
15      1 

1911 

16    3 

1902 

1907 

1912 

190^. 

1908 

1913 

te   i 

1904 

1909 

1914 

16     8 

1905 

1910 

Promedio  de  los  catoroe  aflos M*  l 

Los  valores  extreraos  entre  los  que  flnctu6  la  temperatura  son :  39**  3  (enero 
del  aflo  1906)  y  — 4*.0  (junlo  de  1911),  con  una  diferencia  absoluta  de  4S*-3. 

Bueno  es  recordar  que  De-Moussy  trae  como  mdxima  absoluta  a  la  sombra 
41*.0  cent  observada  el  17  de  enero  de  1847.  Debe  tenerse  preaente,  sfn  em- 
bargo (y  es  el  mlsmo  De-Moussy  quien  lo  hace  constar)  que  en  esos  dlas  » 
quemaban  grandes  pastizales  en  las  Inmedlatas  cercanfas  de  Montevideo,  como 
dando  a  eutender  que  ese  recalentamiento  artificial  del  aire  podia  haber  falao- 
ado  los  valores  terniom<5tricos. 

Para  encontrar  otro  mdximum  que  se  aproxime  al  de  De-Moussy  (si  bien  lai 
observaciones  meteorol6glcas  ban  sufrido  interrupciones  y  grandes  lacunas) 
hay  que  avanzar  mds  de  medio  siglo  desde  aquella  fecha,  hasta  la  funesta 
semana  de  fuego,  prlmera  de  febrero  de  1900,  en  la  que  Villa  Ck>l<Sn  reglsM 
el  mdximo  de  sus  mdximos  absolutos  con  40**^  a  la  soinbra  el  8  de  febrero. 

En  cuanto  a  las  mfuimas  absolutas,  las  observaciones  de  De-Mous^y,  quo 
abarcan  diez  ailos,  no  reglstran  ning()n  valor  bajo  cero,  lo  cual  hace  pensar  en 
una  imperfecta  ubicaci6n  del  termdmetro  o  en  un  sensible  error  instrumental 
del  mismo. 

La  serie  de  Villa  Co\6n,  que  empleza  en  1882,  ofrece  todos  los  afios  sin  exceip- 
ci6n  hasta  1900,  algunos  minimos  bajo  cero,  siendo  el  mils  bajo  el  de  Julio  de 
1889  con  — 4**.0  al  abrigo. 

Marcha  divma  de  la  temperatura. — El  examen  de  la  temperatura,  bajo  el 
punlo  de  vista  de  la  raarcha  diurna  tiene  mds  significacl6n  si,  en  lu^r  de 
tomar  en  cuenta  los  valores  horarios  anuales,  se  consideran  los  correspondlentefl 
a  los  meses  extremos,  enero  y  julio  que  reproducimos : 

Valores  medios  Jiorarios  de  la  temperatura  al  abrigo. 


lloras. 

Enero.    ; 

'1 
l^^    9 
IS      4 
18      0 
17      7 

17  6 

18  5 

20  2  , 

21  9  1 

23  4 

24  4 

25    5 : 

25  9 
2f»      2  ' 

Julie 

Aflo. 

13* 
13 
13 
13 
12 
13 
14 
15 
16 
18 
19 
19 
19 

Horas. 

Enero. 

JulJo. 

Aflo. 

1 

9' 

9 

8 

8 

8 

8 

8 

9 
10 
11 
12 
13 
13 

1 

^! 

3  1 

!! 

51 

7  14 

4    ,  15 

2  !'  16 

0  ;  17 : 

8  '  18 

1  .    19 

1  !,  20         

28* 

26 

25 

24 

23 

22 

21 

20 

20 

19 

19 

1 
0 
5 
8 
9 
5 
5 
8 
3 
8 
3 

13» 

13 

13 

12 

11 

10 

10 

9 

9 

9 

9 

6 
5 

1 
1 
1 
5 
2 
9 
6 
4 
3 

19*     8 

I:::::::::::::::::: 

4 

5 

19  6 
19       2 

18  i 
17      3 

6 

16      ) 

7 

15       6 

s'.'.V- 

9 

4    '  21 

9  i    22 

0    1  23 

0     Media  Noche 

8   1  rromedlos 

15       1 

H       B 

10 

11 

Medio  Dfa 

13 

14  4 
14       0 

21" 

96 

10* 

50 

W    10 

La  rotaci(3n  diurna  se  efectiSa  al  rededor  de  los  promedios  respectlvos  22*.0 
y  10**. 5  que  representau  los  extremos  medios  mensuales. 

En  enero  la  temi)eratura  toca  su  minimum  al  rededor  de  las  5  h,  (el  1*  de 
enero  el  sol  se  levanta  para  Montevideo  a  las  4  h.  53  m.).  con  un  promedio  de 
17**  6.     Aumenta  en  raz5n  de  1  a  2  grados  por  hora  hasta  las  11  h. ;  m&s 
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lentamente  luego  hasta  las  13  h.,  hora  del  mdxlmum  cuyo  proraedio  es  de  26''.  2. 
Oesde  las  13h  hasta  las  18h  el  descenso  se  produce  en  raz6n  de  O'^.S  por  hora ; 


se  acenttia  a  la  cafda  de  le  tarde,  para  segulr  luego  cada  vez  m&s  lento  en 
proximldad  del  mini  mum. 
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En  Julio  la  mfnlraa  se  produce  al  rededor  de  las  7h.  con  un  promedla 
de  8*.4  (el  sol  se  levaiita  ei  1*  de  Julio  a  las  7li.).  Sube  la  temperatura: 
hasta  las  lOh.  en  la  proporci6n  de  V  por  hora,  mds  lentamente  luego  liasta 
las  14h.,  liora  del  mdximum  con  IS^.C.  El  descenso  se  acentiia  hacia  la  ' 
puesta  del  sol  con  1**  por  hora;  se  modera  durante  la  nocbe  hasta  retluclrse  j 
a  pocDS  d^imos  de  grado  por  hora.  * 

En  resumen,  con  respecto  a  la  marcha  horaria  de  la  temperatura  se  deduce:       : 

1*.  Que  la  colurana  termom^trica  fluctiSa  entre  los  valores  medios  horarios 
26'.2  y  17^6  en  enero  y  13^6  y  8^4  en  Julio. 

2°,  Que  la  minima  se  produce  al  rededor  de  las  5h.  en  enero  y  de  las  Tlu  en 
Julio-;  la  mdxima  entre  13h.  y  14h.  en  todas  las  estaciones. 

3^  La  temperatura  experimenta  el  mds  rdpido  aumento:  en  enero  de  6h. 
a  7h.,  en  que  el  ascenso  medio  alcanza  a  V.7 ;  en  Julio  de  8h.  a  9h.,  con  1**.4- 

4".  El  mds  rdpido  descenso  se  protluce  de  ISh.  a  19h.  con  1**.4  en  enero 
y  de  16h.  a  18h.  en  Julio  con  1**  por  hora.  En  ombos  casos  por  la  puestft 
del  sol. 

5^  En  enero  como  en  Julio,  las  boras  de  ascenso  son  las  menos.  La  tempera- 
tura sube  en  enero  8h.,  y  7h.  en  Julio.  Desciende  por  tanto,  16h.  en  eaero  y 
17h.  en  Julio. 

6^  A  las  8h.  en  enero  y  a  lus  Ob.  en  Julio,  la  temi)eratura  es  la  md^i  aproxl- 
raada  al  promedio  mensual. 

In/luencia  de  la  brisa  en  la  marcha  diuma, — El  regimen  local  de  la  brisa 
altera  a  veces  la  marcha  normal  de  la  temperatura.  En  enero  la  brisa  de  mar 
adquiere  mayor  intensidad  y  se  hace  sentir  con  mayor  frecuencia.  En  los 
dfas  de  relatlva  tranquilidad  atmosf^rica,  que  son,  en  general,  los  de  m&M 
elevada  temperatura,  la  viraz6n  se  entabla  para  el  Observatorio  en  las  primeraj 
horas  de  la  tarde,  con  vientos  del  Sur-Este  al  Este-Sur-Kste. 

Esta  masa  de  aire  llega  hasta  nosotros  mds  fria  y  mds  cargada  de  humedad 
que  el  ambiente  local  y  representa  en  los  dias  bochornosos  un  alivlo  in- 
apreciable. 

Saltoit  bruscos  de  temperatura. — Son  proplos  de  nuestro  clima  y  lo  carac- 
terizan,  saltos  bruscos  de  temperatura,  a  veces  instantdneos.  A  esta  condld6a 
del  clima  lo<?al  se  refer  la  ya,  a  mediados  del  siglo  pasado,  el  Dr.  Saurel  en 
un  Juicio,  tal  vez  algo  exagerado,  pero  que  es  muy  expresivo.  "AquI  en 
Montevideo  se  puede  experimentar  en  un  mismo  dfa  la  influencia  de  las  cuatro 
estaciones." 

Descensos  de  5°  a  8",  casl  instantdneos  o  en  el  lapso  de  pocos  minutos,  son 
frecuentes,  sobre  todo  en  el  verano  y  en  la  primavera.  Mds  raros  entre  8*  y  11*. 
siendo  este  illtlmo  el  mds  Intenso  observado. 

Citaremos  algunos  casos  entre  los  mds  importantes: 

Octubre  19  do  1002. — Se  product*  un  salto  de  8''.6  a  las  17h.,  simultdnearoente 
con  un  salto  de  viento  del  norte  al  sur-oeste  algo  fuerte,  acompafidndolo  lluvU 
abundante  y  tornionta  etltk^trlca. 

Novlembre  25  de  1902. — Se  produce  un  salto  de  8*. 5  a  las  lib.,  simultdneo  a  un 
salto  de  viento  al  sur-oeste  fuerte  con  lluviji  y  tormenta  electrica. 

Febrero  24  de  1903.— El  salto  de  0*  se  produjo  a  las  16h.,  reinando  nor-oeste 
moderado  y  en  mementos  en  que  empieza  un  fuerte  aguacero. 

Enero  20  de  1904. — Baja  de  10** .7  a  las  6h.,  simultdnea  al  salto  de  viento  al 
sur-oeste  reinando  tormenta  electrica,  sin  lluvia. 

Febrero  12  de  1900. — A  las  13h.  se  produce  un  salto  instantdneo  de  tempera- 
tura: desde  los  30° .2  desciende  el  termometro  a  21*.4  al  declararse  una  racha  de 
Tleuto  oeste-oor-oeste  de  40  kii6metros  horarios,  acompuDado  de  un  chaimrrdn. 
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Dlclembre  24  de  1905. — El  salto  de  11°.2  se  produce  poco  despu^  de  medio 
dfa  con  un  salto  de  vieuto  huracanado  del  norte  al  oeste-uor-oeste,  acompafiado 
de  un  aguacero  viol  en  to  y  de  granlzo. 

Febrero  2C  de  1912. — De  12h.  15in.  a  13h.  salto  brusco  de  temperatura  (de 
34' .0  a  19*. 5) :  salto  de  14*'.5.  El  salto  se  ncentiia  notablemente  entre  las  ISh. 
15m.  y  las  13h.  30m.  equivaliendo  a  11*  en  un  cuarto  de  hora,  en  momentos  en 
que  se  descargaba  una  fuerte  tormenta  electrica  y  en  el  veclno  barrio  de  la 
Aguada  registrdbase  le  cafda  de  dos  mangas  de  granizo. 

Febrero  19  de  1914. — Varlncl6n  brusca  de  temperatura  de  14'.0  durante  lb. 
30m.  Dentro  de  esta  variacl6n  es  notable  el  salto  de  9*.8  entre  las  13h.  52  y 
las  14h. 

Amplitud  de  la  rariacion  diuma. — Conforme  a  la  definlcl(3n  que  da  Angot  y 
que  expresa  por  la  diferencla  entre  los  promedlos  de  la  m&xima  y  los  prome<Uos 
de  las  mfnimas  absolutas,  su  valor  resulta  para  el  Observatorlo  de  10' .1,  slendo 
la  media  dejas  mAximas  absolutas  21'.3  y  la  de  las  mfnimas  11'.2. 

Para  los  meses  extremos,  la  amplitud  diurna  es  respect  I  vamente  de  11'. 44  en 
enero,  y  8'.02  en  Julio. 

Para  la  determlnacldn  de  este  elemento  se  tlenen  en  cuenta  los  extremoB 
absolutos  de  la  fluctuacl6n  termom^trica  y  no  los  horarios  porque  estos  en 
realldad  distan  casl  slempre  de  los  verdaderos  extremos  no  sucedlendo  slno 
por  casualidad  que  colncldan  con  ellos;  y  en  segundo  lugar  se  producen  en 
momentos  que  dlfieren  bastante  entre  sf  y  de  las  horas  del  mdxlmum  y  del 
minimum,  dando  ^to  como  resultado  compensaciones  que  tienden  a  modificor  el 
valor  de  la  amplitud. 

Marcha  anual  de  la  temperatura. — Estd  representada  por  los  aiguientes  vdloret: 


Kutm 

22».0 
21-.  8 
20M 

Abril   

17».2 
W.4 
IIM 

Julio 

W.6 
10*.  7 
12».8 

Octubre 

Noviembre 

Dlclembre 

16*.0 

Febrero 

Mayo 

Agosto 

IS*,0 

MftTZO           .      . 

Jctnio 

Septlembre 

20*.  6 

Verano 

2r.3  1 

OtoAo 

13-.9 

Invlerno 

n*.3 

Prlmavera 

17*.  7 

Promedio  anual  IG'.l. 

Recorriendo  esos  mimeros,  o  mejor,  las  curvas  que  los  representan,  se  ve 
que  la  temperatura  culmina  en  enero  con  22'.0 ;  se  sostleue  elevada  en  febrero. 
El  descenso  se  acenttia  cada  vez  mds  a  partir  de  prtnclpios  de  marzo  hasta 
mayo,  obtenl^ndose  una  diferencla  de  3'.8  entre  abrll  y  mayo,  que  es  la 
mayor  de  un  mes  a  otro.  Alcanza  el  minimum  en  Julio  con  10'.5,  valor  que  poco 
diflere  del  de  agosto.  Desde  fines  de  agosto  el  alza  es  luego  cada  vez  mfts  acen- 
tuada  hasta  dlclembre,  notdndose  la  mayor  diferencla  entre  octubre  y  noviembre 
con  3'.1. 

Temperatura  C.  a  la  intemperie, — CJomo  era  de  esperarse  en  term6metros 
situados  sobre  c^sped  en  plena  Intemperle,  bajo  la  accl6n  llbre  de  la  radlacl6n 
dlrecta  y  de  la  Irradlacldn,  los  extremos  y,  por  tanto,  la  excursion  se  acentda, 
aunque  el  promedio  anual,  que  es  de  16'.9,  apenas  exceda  en  0**.8  al  de  la 
temperatura  al  abrlgo. 


794        PEOCEEDINGS  SECOND  PAN   AMERICAN   SCIENTIFIC  COXGEESS. 


El  resumen  de  los  valores  respectivos  flgura  en  el  cuadro  slgolente: 
ValoreM   medios   y   abaolutos   de   la    temperatura    a   la   intemperie     {periodo 


Meses. 

Media. 

MAxima 
absol. 

Minima 
absol. 

Dife- 
renck. 

Enero 

23*.  7 

47«6 
47".8 
46'.  7 
40".  2 
35".  0 
29".  7 
32".  7 
30".  7 
3!>".3 
35".  7 
40".  3 
»(5u"8 

4-.0 

3^6 

3*.  4 

0-.9 

-3*.  8 

-6".  2 
-6".  5 
-3".  8 
-4".S 
0-.8 
4".  3 

43»t 

23".  0 

44".  2 

Marzo 

21*.  0 

44r3 

Abril 

i         17-.4 

30*. % 

Mayo 

!        13".  5) 

3!f.l 

Jtmio 

i      nr3 

34».« 

Julio 

1        10^4 

3S*.I 

Agssto 

t        10".  7 

37».J 

Beptiembre 

Octubre 

;        13'.4  1 

10*.  2 

iO*.l 
41".  5 

No  vlembr« 

Dlclwnbre 

yabsolntof. 

.....!        W.7 

22'.6| 

39».5 

42*.S 

Aflo-Valores  medkM 

1        i»--»l 

47. -8 

-6-.5| 

«M 

Una  simple  comparacl5n  de  valores  prueba  como  la  diferencla  entre  Iob 
promedlos  mensuales  de  ambas  Instalaciones  apenas  alcanza  a  pocos  d^dmos 
de  grado  en  los  roeses  fries  del  afio,  pronuncidndose  en  los  meses  caluroeof 
hasta  una  diferencla  mdxima  de  2*"  en  diciembre. 

Extremos  absolutos. — ^Aquf  es  donde  se  nota  mejor  le  influencia  de  la  llbre 
expo8lci6n  sobre  todo  en  ^pocas  de  pobreza  higrom^trica  y  serenldad  de  cielo. 

La  mdxima  absoluta  se  elev6  hasta  47*" .8  (febrero  de  1905)  y  la  mfnlma 
alcanz^  a  —6^.5  en  agosto  de  1908,  ampliando  la  excursion  termom^trica  abso- 
Ipta  a  54^a 

Qnlen,  como  nosotros,  ha  tenido  oportunidad  de  recorrer  numerosos  r^stros 
de  observaclones  efectuadas  en  4pocas  dlstlntas  en  las  reglones  del  Plata,  pnede 
aflrmar  que  estos  valores  deben  conslderarse  prdctlcamente  como  valores  limitet 
en  nuestro  clima, 

Frccuencia  de  las  mdximas  y  de  las  minimas  absolutas — Mds  largos  periodos 
de  minimas  bajo  cero  y  mdximas  notables. — En  cuanto  a  la  Intensldad  que  las 
mdximas  y  las  minimas  alcanzan  en  los  distintos  meses  del  alio,  se  desprende 
de  nuestras  observaclones,  y  es  confirmado  por  los  resultados  de  Villa  Gol6n: 

1*.  En  todos  los  meses,  sin  importar  la  estacl6n,  aparecen  mdximas  superlores 
a  los  25*"  a  la  sombra  y  28**  a  la  intemperie. 

2^  Que  las  minimas  bajo  cero  s61o  se  observan  en  los  meses  de  mayo,  a 
prlnciplos  de  septiembre,  perteneciendo  las  mds  intensas  a  fines  de  Julio  y 
principios  de  agosto.  Ck)mo  excepcional  para  Montevideo  debemos  recordar  las 
beladas  del  12  y  14  de  octubre  de  1912,  cuyos  perjuicios  en  vlQedos  y  frutales 
fueron  Incalculables. 

En  campafia  las  heladas  tardlas  se  han  presentado,  aunque  con  muy  escasa 
frecuencla,  hasta  en  la  primera  quincena  de  noviembre. 

8^  Pocas  veces  insisten  mds  de  dos  o  tres  dfas  seguldos  mdximos  a  la  sombra 
superiores  a  los  85*  en  verano,  a  los  30*  en  otofio,  a  los  20**  en  Invlerno  y  a 
loB  25**  en  primavera.  Ensefia  la  experiencia  (y  pnede  utilizarse  la  indica- 
c!6n  donde  no  se  disponga  de  medios  mds  completes  para  la  previsi6n  del 
tiemix))  que  si  la  temperatura  alcanza  esos  valores  o  los  excede  y  con  mds 
raz6n  si  insists  en  el  los,  hay  indiclos  casi  seguros  de  agitaclones  atmosf^lcas 
pr6xlmas,  lluvias  o  vientos,  que  a  su  vez  traen  cambios  en  las  condiclones 
t^rmicas  del  aire. 

Lo  dlcho  de  las  mdximas  relativaraente  a  su  repetici6n,  puede  declrse  tambi^ 
de  las  minimas. 

Como  ejemplos  muy  raros  en  nuestro  clima,  deben  citarse  los  slguientes 
perlodos  de  mdximas  y  minimas  Insistentes,  que  no  tienen  iguales  en  las  series 
meteorol6gicaa  de  Villa  Co\6n  y  el  Prado. 
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Abrigo. 
Dla  24  de  agosto  de 

1902 -IM 

Dfa  25  de  agosto  de 

1902 -1  9 

nfu  20  de  agosto  de 

1902 -2  8 


Mds  largo  periodo  de  mlnimas  ha  jo  ccro. 
Intemperie. 

-4«4ceDtlg. 


Abrigo.  Intenipirrlv. 

Dfa  27  de  agosto  de 

1902 +0^4         -S*2ccntlg. 

Dfa  28  de  agosto  de 

-5  2centlg.  1902 -8  5         -6  2centlg. 

i>fa  29  de  agosto  de 
-6  7centlg.  1902 +4  7         -IScentlg. 


Mds  largo  periodo  de  mdximoM  notables  a  la  sombra. 


Centfg. 

DI«  29  de  enero  de  1900 36»8 

Dfa  30  de  enero  de  1900 87  6 

Dla  31  de  enero  de  1900 89  2 

Dfa  1  fcbrero  de  1900 36  2 

Dfa  2  febrero  de  1900 89  2 


Centfg. 

Dfa  3  de  febrero  de  1900 40*4 

Dfa  4  de  febrero  de  1900 39  4 

Dfa  5  de  febrero  de  1900 30  2 

Dfa  6  de  febrero  de  1900 37  4 

Dfa  7  de  febrero  de  1900 39  0 


Este  periodo  es  conocldo  bajo  el  nombre  de  **  semana  de  fuego  "  y  hasta  la 
fecha  no  ha  sido  superado  en  duraci<3n  ni  en  la  altura  de  sus  valores. 

Observaciones  en  diatintas  condicionea  del  guelo, — En  el  Observatorio  se  ban 
hecho  saltuarlamente  experimentos  con  exposiclones  simultfineas  de  term6me- 
tros  en  dlstintas  condiciones  de  suelo.  Un  ejeniplo  tornado  al  acaso  de  los 
apuntes,  demostrard  la  InAuencia  que  ejercen  la  naturaleza  y  el  color  del 
suelo  en  su  recalentamiento. 

El  dfa  8  de  febrero  de  1002  en  las  prlmeras  boras  de  la  tarde  se  expusieron 
per  pares  (sol  y  sombra)  tenn6metros  segiin  se  detalla  m&s  aba  Jo.  Los 
term6metro8  se  observaron  simultdneamente  un  cuarto  de  bora  despu^  de  su 
lnstalacl6n,  anotdndose  los  slgulentes  valores. 

Sol.  Sombra. 

Termdinetro  sobre  c^ped  (graiuilla  de  baJo  corte)  42''.1  34**.2  Centig. 

Term6metro  sobre  tierra  de  cultlvo  arclllosa,  recl^n 

labrada 43^4  87^4  Centfg. 

Terni6metro  sobre  camino  de  :osca  slUcea,  piso- 

nada 46*  .0  80**.8  Centfg. 

Term6inetro  sobre  afirmado  de  granito  azul 46' .9  88*.5  Centfg. 

Tenn6metro  sobre  arena  silfcea  suelta 51*.7  Rompl6se  termCmetro. 

Temperatura  del  aubauelo, — Los  term6inetros  se  ballan  colocados  a  diferentes 
profundidades  en  un  suelo  niuy  arcllloso.  Se  observe n  tres  voces  por  dfa  los 
colocados  a  m.  0.80 ;  0.60  y  0.90 ;  los  de  mayor  prof undidad,  una  sola  vez  por  dfa. 

Los  resultados  obtenidos  en  el  perfodo  1901-1014  se  resumen  en  el  slguiente 
cuadro. 

Temperaturaa  medias  del  aubsuelo — Periodo  1901-1914, 


Am. 

0.30 

0.60 

0.90 

1.20 

1.60 

o 

21.1 
22.1 
22.0 
21.1 
18.8 
16.6 
16.1 
14.2 
11.6 
16.7 
18.3 
19.6 

»8.0 

M2.0 

Ensro  

e 

24.1 
24.2 
22.3 
19.1 
16.3 
12.4 
11.6 
11.6 
13.7 
16.6 
19.7 
22.3 

o 

23.9 
24.3 
22.8 
20.2 
16.6 
13.8 
12.7 
12.4 
14.0 
16.6 
19.4 
22.1 

0 

23.0 
23.7 
22.7 
20.7 
17.5 
14.9 
13.5 
13.0 
14.0 
16.1 
18.7 
21.2 

« 

22.0 
22.8 
22.4 
20.9 
18.4 
16.0 
14.5 
13.7 
14.3 
16.9 
18.0 
20.3 

« 

17.0 
17.4 
17.6 
17.3 
16.8 
16.7 
16.1 
15.7 
15.7 
16.0 
16.4 
16.6 

• 
18.0 

Febrero 

18.0 

Ifareo             

18.0 

Abril 

17.9 

Mayo 

17.9 

Junto    

17.9 

Julio 

17.8 

Agosto 

Septiembre 

Octubre        .              

17.8 
17.7 
17.8 

Noyiembre 

Dieiembre 

17.9 
17.9 

Afio                                  

17.7 
12.7 

18.2 
11.9 

18.3 
10.7 

18.3 
9.1 

18.2 
7.9 

16.6 
1.8 

17.9 

Anplitud  media  de  l.i  ExcursKJn 

0.3 

I  Bstas  observaciones  abaroan  solamente  slete  afios,  a  saber  de  1908  a  1914. 

*  Estas  obseryaoiooes  abarcan  solamente  cineo  afios.    Inidadas  en  1906,  fucron  abandonadas  en  dkdembre 
de  1910  hasta  mediados  de  1911,  por  estar  el  poso  manantlal  oompletamente  seoo. 
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La  amplitnd  9e  reduce  con  la  profundidad. — Como  se  ve,  por  el  cuadro  an- 
terior, los  va  lores  me<lio8  auuales  no  varfan  sensiblemente  uuo  de  otro  en  las 
primeras  capas  del  suelo.  Lo  que  varfa  es  la  forma  de  distribucl6n  del  calor. 
o  en  terminos  mds  precis*js,  la  amplitud  de  la  fluctuacWn  de  la  temperatura 
que  tiende  a  reducirse  con  la  profundidad. 

Se  nota  este  hecho  ya  sea  que  se  tomen  en  cuenta  salamente  los  promedlos 
extreroos,  ya  los  va  lores  absolutos.  A  metros  0.30  la  dlferencia  entre  el  pro- 
medlo  mensual  mils  alto  y  el  mds  bajo,  es  de  IT*.?.  A  metros  0.90,  se  reduce  a 
10** .7;  a  metros  1.50  a  7*.9  Es  tan  sdlo  de  1'.8  a  8  metros  de  profundidad  y 
de  0**.3  a  12  metros. 

Obs^rvese  que  esas  Instalaciones,  todaa,  menos  las  dos  tiltimas,  se  hallan 
dentro  de  una  Igual  capa  de  terreno. 

Bnsta  reunir  en  un  pequefio  cuadro  los  valores  extremos  observadoe  (que 
blen  pueden  conslderarse  como  absolutos)  a  las  dlstlntas  profundidades,  para 
que  en  Igual  forma  resulte  el  mismo  fen6meno. 

A  0.30  metros  de  profundidad,  miixima  observada,  30**.l ;  minima  obserrada, 
6^8;  dlferencia,  23^3. 

A  0.90  metros  de  profundidad,  m&xima  observada,  25** .9;  minima  observada, 
llM ;  dlferencia,  14^8. 

A  1.50  metros  de  profundidad,  mdxima  observada,  23*^.5;  minima  observada, 
12^4;  dlferencia.  llM. 

A  8  metros  de  profundidad,  mdxima  observada,  17"* .8;  minima  observada, 
14^5;  dlferencia.  3^3. 

A  12  metros  de  profundidad  (manantial).  mdxima  observada.  18** .2;  minima 
observada,  17''.0;  dlferencia,  1*.2. 

Capa  de  temperatura  invariable, — En  vista  de  los  datos  que  preceden  y  ha- 
clendo  una  extrapolacl6n  de  las  curvas,  como  determinaci6n  provisoria,  ae- 
guramente  poco  alejada  de  la  verdad,  puede  decirse  que  en  nuestro  clima  la 
influencia  dlurna  o  estaclonal  de  la  temperatura  exterior  debe  consideranie 
nula  en  la  prdctlca  a  una  profundidad  de  m.  23-25. 

Retardo  de  lai  ondas  de  color  y  de  frio  con  la  profundidad, — En  terreno 
arcilloso,  como  lo  es  el  nuestro  y  no  tomando  en  cuenta  sino  las  observaciones 
practicadas  hasta  la  profundidad  de  1.50  m.,  ^tas  llevan  a  los  slguientes 
resultados : 

Las  ondas  t^rmicas  tardan,  t^rmlno  medio,  al  rededor  de  un  dfa  para  afectar 
un  term6metro  a  0.30  metros  de  profundidad;  al  rededor  de  dos  dfas  para 
afectar  un  term6metro  hasta  0.60  metros  de  profundidad ;  poco  mds  de  tres  dCas 
para  afectar  un  termdmetro  hasta  0.90  metros  de  profundidad;  poco  mds  de 
cuatro  dlas  y  medio  para  afectar  un  term6metro  a  1.20  metros  de  profundidad ; 
de  slete  a  ocho  dfas  para  afectar  un  tei"m6metro  a  1.50  metros  de  profundidad. 

Resulta  de  ahf  que  un  maximum  t<5rmlco,  seilalado  por  el  term6metro  exterior 
el  dfa  5,  por  ejemplo,  serd  registrado  el  dfa  7  a  0.60  metros  y  el  dfa  12  a  1.50 
metros. 

PBESI6n    nASOM^TRICA. 

En  la  prlmera  parte  de  esta  memoria  se  dan  Indlcaclones  relatlvas  a  la 
lnstalacl6n  y  altura  de  los  barometros. 

Al  pasar  ahora  a  una  breve  dlscusl6n  de  los  datos,  afladlremos  solamente  que 
estos  fueron  reducldos  a  0*,  pero  no  al  nlvel  del  mar  nl  a  la  iatltud  normal. 

Promedio  anual, — El  promedlo  del  periodo  es  de  759.8  mm.  y  resulta  de  loe 
anuales  sigulentes: 

1901   1902   1903  1904  1905   1906   1907   1908  1909   1910  1911   1912   1913   1914 

759.6  759.4  759.8  759.4  759.5  759.8  760.2  760.5  760.3  760.4  760.2  760.0  759.7  758.8 
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ilarcha  diuma  (horaria)  de  la  prcsidn. — Coino  puetle  verse  por  el  cuadro 
resuinen  siguiente,  en  todos  los  meses  la  fluctuaci6n  baroni(5trica  ofrece  cUira- 
mente  dos  mdximos  y  dos  mfnimos  dlurnos;  y  con  tal  regularldad,  que  su 
alteraci6n  y,  con  mds  razdn,  su  desaparicl<3n,  suele  Interpretarse  en  nuestro 
cllma,  por  lo  uienos,  como  indicio  muy  Importante  de  cambios  atmosferlcos. 

Promcdios  horarioa  de  la  prcsidn  barorm^trica    (1901-14). 


Horas. 

Enero. 

JuUo. 

Afio. 

759.9 
759.8 
769.7 
759.7 
759.8 
760.0 
700.2 
760.4 
760.5 
760.6 
760.4 
760.1 
760.8 

Horas. 

Enero. 

Julio. 

AAo. 

1 

757.4 
757.3 
757.2 
757.3 
757.5 
757.8 
768.0 
758.2 
758.1 
758.1 
758.0 
757.9 
767.6 

762.0 
761.9 
761.8 
761.7 
761.6 
761.8 
762.0 
762.2 
762.4 
762.5 
762.4 
762.1 
761.6 

14 

7.57.4 
7.57.2 
757.0 
756.8 
756.8 
756.9 
757.2 
757.4 
757.6 
757.7 
757.6 

761.3 
761.3 
761.3 
761.3 
761.5 
761.7 
761.8 
762.0 
762.1 
762.1 
762.1 

769.5 

2 

15 :::.::: 

759.3 

8 

16 

759.3 

4 

17 

759.3 

6 

18 

759.4 

0 

19 

759.5 

7 

20 

760.7 

8 

21 

759.0 

0 

22 

760.0 

lo:::::::::::::::::: 

23 

760.0 

11 

24 

760.0 

IfedioDfa 

Promedio — 

13 

767.5 

761.9 

750.9 

Del  cuadro  anterior  y  de  los  destinados  a  los  va lores  en  detalle,  resulta : 

1*.  Mdwimas  y  minimas  harom^^tricas  diumas. — Se  produce: 

Un  mdxlmum  principal  a  las  8h.  en  enero  y  a  las  19h.  en  Julio. 

Un  mdxlmum  secundario  a  las  231).  en  enero  y  a  las  23h.  en  juUo. 

Un  minimum  principal  a  las  18h.  en  enero  y  a  las  15h.  en  Julio. 

Un  minimum  secundario  a  las  3h.  en  enero  y  a  las  5h.  en  Julio. 

2*.  Valor  medio  de  la  fluctuacidn  barom^trica  diuma. — Su  valor  medio  anual 
es  de  mm.  1.2  y  muy  poco  difiere  de  los  que  corresponden  a  la  estacl6u  fr£a  y 
calurosa. 

3**.  Extremos  ahsolutos. — Los  registrados  en  los  14  alios  son  mm.  775.4  en 
Julio  de  1907  y  mm.  739.9  en  Julio  de  1902,  que  elevan  la  dlferencla  total 
barom^trlca  a  mm.  35.5. 

4*.  Rdpidos  deacensos. — Los  mds  notables  que  se  observaron  son:  Durante 
24h.  mm.  15.5;  durante  5h.  mm.  6.0;  durante  2h.  mm.  7.5;  durante  lli.  mm. 
4.4 ;  durante  50  mlnutos  mm.  4.3. 

5*.  Rdpidos  ascensos. — Los  mds  importantes  fueron :  Durante  24h.  mm.  15.6 ; 
durante  Ih.  mm.   3.8. 

6**.  Equivalencia  de  promcdios — En  todas  las  estaciones  el  promedio  de  las 
5h.  y  de  Ins  21h.,  con  escasa  dlferencla  de  pocos  declmos  de  mlllmetro,  es  Igual 
al  promedio  del  mes ;  y  el  promedio  de  abrll  al  del  alio. 

MABCHA   ANUAL    DE    LA    PRESI6n. 

En  Julio  y  agosto  la  presl6n  nlcanza  su  mayor  altura  con  mm.  761.9  y  la 
menor  en  dlciembre  con  mm.  757.4.  Los  valores  interinedlarios  son  alcanzados 
en  un  descenso  progresivo  y  continuado  de  agosto  a  dlciembre  y  en  andloga  alza 
de  enero  a  agosto. 

El  juego  de  la  preMn  en  una  tormcnta  local. — Completnrd  cstos  apuntes 
sobre  las  caracterlsticas  fundamentnles  de  la  presi6n  y  servlrd  para  dar  una 
Idea  prdctlca  de  c6mo  se  comportau  los  distlntos  elementos  meteorol6gIcos  en 
nuestrns  tormentas,  el  detalle  de  una  de  ellas  que  transcrlblmos  directamente 
de  los  registros,  ddndole  al  mismo  tiempo  la  forma  grdflca  para  su  mds  fdcU 
comprensl6n. 
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Humedad. — La  condici6n  costanera  del  Departamento  de  Montevideo  con- 
tribuye  con  otros  propias  del  clima  a  elevar  el  valor  de  la  humedad  atmosf^rico. 
El  promedio  anual  es  de  75.8%,  y  en  ningtln  mes  desciende  de  67  corno  resulta 
del  Blguiente  resumen: 

Humedad  relativa  en  el  periodo  1906-19H, 


Enero 

Febrero 

Marzo 

Abril 

Mayo 

JimJo 

Julio 

Agosto 

Septlembre. 

Octubre 

Noviembre. 
Diciembre.. 


70.4 
70.3 
73.6 
75.6 
79.1 
80.7 
83.0 
81.2 
80.1 
76.0 
71.0 
67.8 


Verano 

Otoflo 

Inviemo... 
Piimavera. 


71.4 
78.6 
81.4 
71.6 


Ado. 


.75.7 


Marcha  horaria. — ^Tlene  una  marcha  Inversa  a  la  de  la  tempera tura.  Sua 
valores  mds  ba  jos  se  anotan  en  las  primeras  horas  de  la  tarde ;  los  mds  elevodos. 
en  la  madrugada. 

Los  casos  de  8aturaci6n  son  desconocldos  en  los  meses  de  enero,  febrero, 
noviembre  y  diciembre ;  numerosos  en  mayo,  junlo,  julio  y  agosto. 

No  se  ha  reglstrado  ningi5n  caso  de  saturacl6n  continuada  durante  24  horas. 

La  entrada  de  la  brlsa  de  mar  suele  modlficar  bruscamente  la  condlci6n 
higrometrica  del  aire  aniblente.  Este  fen(3meno  queda  evldenciado  con  clarldad 
en  los  grdflcos,  algunos  de  los  cuales  se  ban  reproducido  en  Memorlas  del 
Observatorio.  En  uno  de  ellos,  que  traemos  como  ejemplo,  la  humedad  sorpren- 
dlda  en  descenso,  experimenta  una  alza  riipida  desde  las  14h  en  que  se  entabla 
la  brlsa  marina.  Pr6xima  a  los  40%,  la  humedad  se  eleva  hasta  los  65%,  para 
recaer  a  los  45%  a  las  18h.,  cuando  ya  la  brlsa  habfa  dejado  de  actuar.  Sin  la 
brisa,  le  humedad  despu^s  de  haber  bajado  hasta  cerca  de  las  16h.,  se  habrfa 
Iniciado  lentamente  primero  y  mils  de  prisa  a  la  calda  de  la  tarde  el  alza,  sin  pro- 
duclr  lo  que  llamaremos  la  **  nariz  higrometrica." 
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Si  8e  conslderan  las  predominaiicias  mensuales  para  todo  el  perfodo  1001-14 
sobre  la  base  de  tres  observaeiones  diarias,  (71i,  14h,  21h),  el  predominio  per- 
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teiieee  con  esctisa  difereiu'ia  al  Kste  y  al  Norte:  su  proporci6n  de  freciiencia 
en  efecto,  de  366  por  clento  para  el  Kste  y  361  para  el  Norte. 
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La  proporcl<5n  de  la  frecuencia  con  los  demds  vientos  es  la  sigulcnte: 

Freouencia  de  la$  predominanciat  mensualcM, 

N  NW  W  SW  S  SE  E  NB 


364V-      5Voo       79Vo*      27Voo     102Voo     38Voo     370Voo     20V- 

Pero,  si  se  examinan  las  predominancias  de  los  vientos  en  las  tres  boras 
fondamentales  por  separado,  se  llegan  a  deslindar  efectos  de  fen6menos  locales 
caracterfsticos,  como  la  influencia  de  la  brisa  de  mar  y  de  tierra. 

Asf,  a  las  7  b.  y  en  cualquiera  ^poca  del  afio,  es  evldente  el  predominio 
del  N..  viento  de  tierra  para  nosotros.  En  el  conjunto  de  todas  las  predomi- 
nancias de  esa  bora,  su  proporci6n  es  de  740 V—  sobre  los  demds  rumbos. 

Proporcidn  por  mil  de  las  predominanciaa  a  las  7  h, 
N  NW  W  SW  S  SB  E  NB 


740Voo     lOVoo      30V-      20V-      40V-      lOV-     120V-     30V- 
A  las  14  b.  la  predominancla  mfts  saliente  pertenece  al  este  con  3507oo 
Proporci6n  por  mil  de  las  predominancias  a  las  14  h. 
N  NW  W  SW  S  SE  E  NE 


I8OV00     lOVoo    160V-     50Voo     200V-     5OV00     350*/oo      OV- 

Pero,  aqui,  si  separamos  los  meses  (in  grupos  de  seis  cada  uno,  septiembre, 
octubre,  noviembre,  diciembre,  enero  y  febrero  por  un  lado;  marzo  a  agosto 
Inclusive  por  el  otro,  como  si  dij^ramos  de  equinoccio  a  equinoccio,  se  nota 
que  en  el  perfodo  ealuroso  el  Este  lleva  un  prediminio  de  560 V-o  sigui^ndole  el 
sur  con  I8OV00  y  el  oeste  con  130. 

En  el  otro  grupo  la  predominancla  no  estd  bien  defiuida  aunque  el  valor  miis 
alto  lo  retenga  el  norte  con  290V—,  contra  210  para  el  sur,  210  para  el  oeste  y 
150  para  el  Este. 

A  las  21  h.  el  predominio  del  este  se  pronuncia  con  mds  claridad  que  a  las 
14,  llevandose  ese  rumbo  el  650V—.    V^ase: 

Proporcithi  Voo  de  las  predominan<nas  a  las  21  h. 

N  NW  W  SW  S  SE  E  NE 


190V00      OVou      3OV00        OVoo        70V-      30V-     650V-    30Voo 

Pero,  aqui  tainbi^n  se  uota  que  el  gran  predominio  del  este  recrudece  en  el 
primer  grupo  de  meses  donde  llega  a  tener  una  proporcl6u  de  86OV00  mientras  en 
el  segundo  grupo  al  lado  del  este  que  I  leva  420Voo,  estft  l^  norte  eon  310V—  y  el 
sur  con  120. 

Rumbos  que  sueleu  truer  las  muyores  velocidades, — Estudiada  la  direcci6n  del 
viento  en  correlaci6n  con  la  velocldad  toda  vez  que  esta  alcanzara  o  excediera,  no 
importa  la  duracl6n,  de  40  kiWmetros  borarios  o  sea  11  metros  poi^^^tndo,  se 
llega  a  los  resultados  eondensados  en  el  i>equefio  ouadro  siguionte: 

Casos  de  vietitos  svperiores  a  Ins  J/0  kildwctros  hornrUm. 

Valor  absoluto: 

N         NW         W  SW  S  SB  E  NE  :^ 


338    227   1820   1102   980    384    890    117 
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Valor  relative: 

5r/..    39*/-    312*/-     188V-    167V-    «5V-    152*/-    20*/*. 

Salta  a  la  vista  la  eoorme  preponderanda  d^  W  y  del  SW,  que  Jimtoe  repra- 
sentan  la  mitad  justa  de  casos  de  viento  fuerte  obeervadoe  en  IO0  14  a£k».  Lo 
sigue  el  sur  con  167  y  el  este  con  1S2*/— 

En  cuanto  a  su  distribucidn  por  meses  y  estaciones,  on  estudlo  pnblicado  hace 
poco  tiempo  demnestra  que : 

l^  La  condici^n  de  mayor  frecuencia  para  el  oeste  y  sur«oeste  en  Iob  ¥ientDS 
faertes  se  acenttla  en  el  verano  y  otofio. 

2*.  Que  la  primavera  es  la  estacI6n  que  cuenta  con  el  mayor  nAmero  de 
vientos  fuertes.    La  sigue  el  invlerno,  el  otoQo  y  por  dltlmo  ^  verano. 

DUu  con  viento  fuerte. — Los  5,867  casos  en  que  el  viento  8opl6  con  velocidad 
de  40  o  mils  kil6metro8  sin  tenerse  en  cuenta  la  duraci6n,  dasiflc&ikw  por 
rumbos  de  procedenda  y  que,  como  se  comprende,  pueden  ser  vartoB  en  d 
transcurso  de  las  24  horas,  corresponden  a  un  total  de  631  dfas  asl  distril^ofdoa 
por  t^rmlno  medio  mensual  y  anual. 

Bias  con  ticnto  de  40  kUdmetroi  o  mds  por  hora, 

Enero,  niimero  de  dfas,  3.1 ;  febrero,  ndmero  de  dfas,  3.6 ;  marzo,  nOmero  de 
dias,  1.9 ;  verano;  8.6. 

Abrll,  ntimero  de  dias,  3.6;  mayo,  niimero  de  dias,  2.8;  Junio,  ntimero  de 
dias,  2.0 ;  otofio,  9.3. 

Julio,  niimero  de  dias,  4.0 ;  ngosto,  ndmero  de  dias,  5.8 ;  septiembre,  ndmero 
de  dias,  3.8 ;  invierno,  13.6. 

Octubre,  niimero  de  dias,  5.1;  noviembre,  ndmero  de  dias,  3.6;  diciembre, 
ndmero  de  dias,  4.9;  primavera,  13.6. 

Ailo,  ndmero  de  dias,  45.1. 

Rccord$  de  vclocidad, — Durante  las  tormentas  mfis  notables  se  tomd  dlrecta- 
mente  la  velocldad  del  viento  en  breves  duraciones,  en  los  momentos  de  mayor 
violencia  de  la  tempestad.  La  mayor  veloddad  asi  obtenida  alcanza  a  35  metres 
por  segundo  y  la  mayor  velocldad  durante  una  hora  a  103  kildmetros. 

Cabnas. — En  el  capitulo  sej;undo,  destlnado  al  resumen  de  estudios  espe- 
dales,  se  compendia  un  trabajo  sobre  calmas  locales.  Para  evitar  repeticiones 
no  nos  ocuparemos  aqui  de  este  tema. 

LLUVIA. 

Cantidad  anual  de  la  lluvia, — En  la  formaci6n  del  total  medio  anual  de 
Iluvla  entran  como  factores  un  trienio  de  precipltaciones  extraordinarias  que 
culmin6  en  1914  con  mm.  2,399.7,  cifra  nunca  registrada  en  el  Rio  de  la  Plata; 
y  un  trienio  de  notable  sequia  que  culmina  en  1907  con  mm.  550.5,  dfra  debajo 
de  la  cual  solamente  encontraraos  en  los  liltlmos  32  aiios  y  para  nuestro  clima. 
la  correspondiente  al  afio  1892  con  mm.  443,  afio  central  de  una  sequia  que  pro- 
dujo  dniios  incalculables  en  todo  el  pais  (Observatorio  del  Colegio  Pio  de 
Villa  Col6n). 

Los  14  aQos  del  Observatorio  del  Prado  dan  un  total  medio  anual  de  mm. 
1,002.2  que  resulta  de  los  siguientes  valores  anuales. 
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TotalCB  anualcM  de  lluvia. 


Afio 

1901. 

AAo 

1902, 

Ano 

1903. 

AHo 

1904, 

Aflo 

1905, 

AAo 

1906. 

Ano 

1907, 

Afio 

1908, 

mm. 

total 727.8 

total 928. 7 

total 977.0 

total 742.8 

total 750,0 

total ass.  9 

total 550.5 


Afio  1909,  total 808. 8 

Afio  1910,  total 670.6 

Aflo  1911.   total 1,271.0 

Aflo  1912,   total 1.496.8 

Aflo  1913,   total 1,075.2 

Aflo  1914,  total 2,399.7 

Promedio 1, 000. 8 

total 920. 2 

En  presencia  de  Ins  observaciones  de  Villa  Col6n  y  de  otras  pertenecientes  a 
local  idades  del  Rfo  de  la  Plata,  opinamos  que  en  una  serle  mds  larga  de 
observaciones  quedarfa  correglda  probablemente  la  influencla  exceslva  que  los 
tlltlmos  afios  en  extremo  lluviosos  ejercen  sobre  el  promedio,  y  ^te  se  fijarfa 
en  un  valor  qu'i  no  det>e  alejarse  sensiblemente  de  900  mm. 

Afarcha  mensual  de  la  lluvia  1901-19H, 

Enero,  69.8  mm.    Febrero,  66.7  mm.    Marzo,  91.2  mm.    Verano,  227.7  mm. 

Abril,  118.4  mm.     Mayo,  106.0  mm.     Junlo,  61.8  mm.     Otofio,  286.2  mm. 

Julio,  76.0  mm.    Agosto,  93.1  mm.    Septlembre,  79.2  mm.    Invlemo,  248.3  mm. 

Octubre,  69.6  mm.  Novlembre,  88.6  mm.  Dlciembre,  86.8  mm.  Prlmavera, 
240.0  mm. 

Afio  1,002.2  mm. 

El  cuadro  anterior  prueba  que  en  nuestro  clima  no  existe  una  ^poca  blen 
caracterizada  y  periodica  de  lluvias  o  de  pobreza  udom^trica,  aunque  los  meses 
de  abril  y  mayo  ofrezcan  totales  mensuales  mds  elevados  que  los  demds  y  ten- 
gan  en  su  haber  algunas  de  las  mds  notables  inundaciones  que  se  produjeron  en 
el  pnfs  en  los  fil  times  2}0  afios. 

Kiimero  de  dias  con  lluvia. — El  ndmero  medio  anual  de  dfas  con  lluvia  medl- 
ble  es  de  81  de  los  que  70  con  lluvia  de  1  mm.  por  lo  menos  y  11  con  menoe  de 
1  mm. 

Su  distribuci^n  mensual  no  presenta  diferencias  dignas  de  menci6n.  El 
ndmero  de  dfas  con  lluvia  fluctfla  entre  7  en  dlciembre  y  5  en  Julio,  limltdn- 
donos  a  las  lluvias  de  1  mm.  o  mds. 

Valores  records  de  lluvia. — La  mayor  cantidad  cafda  en : 

Un  afio,  mm.  2,399.7 ;  un  mes,  mm.  371.8 ;  un  dfa.  mm.  150.5 ;  una  hora,  mm. 
60.4 ;  pocos  minutos,  5.0  por  minuto. 

De  los  81  dfas  mencionados  con  lluvia  medible :  El  50  por  ciento  se  limita  a 
cantidades  infer  lores  a  5  mm.,  el  15  pop  ciento  entre  5.1  y  15  mm.,  el  12  pop 
ciento  entre  15.1  y  25  mm.,  el  9  por  ciento  entre  25.1  y  35  mm.,  el  14  pop  ciento 
superlores  a  35  mm. 

Evaporaddn, — Los  dntos  que  dlscutimos  a  contlnuaci6n  proceden  del  Evapo- 
rfmetro  **  PIclie  "  instalado  en  el  interior  de  la  Casilla  Meteorol6gica  y  obser- 
vado  una  vez  cada  24  boras. 

El  total  anual  es  de  ram.  1.156.8.  La  distribuci6n  mensual,  que  por  lo  demds 
marchn  pnrnlela  con  la  tempera tura,  alcanza  su  mdxlmum  en  dlclenibre-enero 
con  ram.  150  y  14S  respectivamente  y  su  minimum  en  Junio-julio  con  mm.  56  y 
67  respectivamente. 

La  mayor  cantidad  de  agiia  evaporada  en  un  afio  fu6  de  mm.  1,390.3  en  1905. 

La  mayor  cant  kind  de  agua  evaporada  en  un  mes  fu^  de  mm.  202.9. 

La  mayor  cantidad  de  agua  evaporada  en  un  dfa  fu6  de  mm.  15.5. 
68436—voL  11—17 61 
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Meses  y  Estaclones. 

Total 

medio 

mensual. 

Mayor 
enun 
mes. 

Mayor 

enun 
dfa. 

Bnero 

mm. 

147.6 

128-2 

109.0 

89.9 

65.4 

56.0 

67.3 

08. 7 

74.3 

96.0 

113.8 

l.W.O 

385.6 

211.3 

200.3 

359.8 

M56.8 

mm. 
202.9 
180.S 
166.8 
137.6 
89.4 
66.5 
85.8 
115.2 
104. 0 

i.-e.! 

137.3 
198.0 
202. » 
137.6 
115.2 
198.0 
202.9 

12.t 

Febrero 

12.0 

Marzo 

9i8 

Ahrll 

uto 

Mayo 

6.8 

Junio 

8.S 

Julio 

&5 

Agosto 4 

7.8 

Septlembre 

0.0 

Oclubre 

6L4 

No  victn  bre 

8.5 

Diciembre 

15.S 

Verano 

12.8 

Otofto 

lao 

Invierno 

0.0 

Primavcra 

U.5 

Aflo 

16.1 

NEDULOSIDAD. 

Para  la  determinuci6n  de  la  nebulosidad  se  emp1e6  la  escala  0-10  en  la 
que  el  0  equivale  a  cielo  totnlmente  despejado  y  el  10  a  cielo  completaxneDte 
cublerto.    Los  resultados  flguran  en  el  siguiente  cuadro : 

Nebulosidad  en  ddcimos  de  cielo  cubicrto  {1901  19U). 


Meses  y  estaclones. 

Frorae- 
dio. 

Dtas 
serenos 
(0a3.5). 

Dfas 

mixtos 

(3.0  a  7.0). 

Dbs 
nabladoi 
(7.1  a  10). 

Enoro 

4.1 
4.2 
4.5 
4.8 
6.5 
6.9 
6.0 
6.7 
6.4 

U 

4.4 

15 
13 
14 
11 
0 
8 
8 
0 
9 
10 
11 
13 

11 

0 

0 

12 

11 

0 

0 

10 

10 

10 

11 

11 

ft 

Ffbrero 

e 

Marxo 

8 

Abril 

T 

Mayo 

11 

Junio 

13 

Julio 

14 

Agosto 

12 

Septlpmbre 

U 

Octulire 

11 

Noviembre 

$ 

Diciembre 

7 

Aflo 

5.1 

130 

122 

119 

HELADAS. 

Oomprendemos  bajo  este  nombre,  sigulendo  la  costumbre,  la  helada  propfa- 
mente  dicha  y  a  la  escarcha.  Las  observaclones  de  los  eatorce  afXos  demueff- 
tran  que  el  fen<5meno  se  limlta  entre  los  meses  de  mayo  y  septlembre. 

Son  verdaderamente  excepcionales  para  Alontevideo  los  casos  esporddlcos 
perteneoientes  a  octubre.  Los  meses  de  junio,  Julio  y  agosto  se  llevan  las 
ouatro  qulntas  partes  de  la  totalldad  anual. 

Frecucncia  media  de  la  helada  en  Montevideo  (WOl-WH). 

Enero,  0.0;  febrero,  0.0;  marzo,  0.0;  verano,  0.0. 

Abrll,  0.0 ;  mayo.  1.0 ;  Junio,  3.1 ;  otoflo,  4.1. 

Julio,  4.3;  agosto,  3.0;  septlembre,  0.8;  invierno,  8.1. 

Octubre,  0.2;  noviembre,  0.0;  diciembre,  0.0;  prima  vera,  0.2. 

Aflo,  12.4. 
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NIEBLAS — CERRA26N. 

Nnestro  clima  ofrece  un  promedlo  de  18.3  dfas  de  nlebln  por  afio.  Son 
apenas  conocldas  en  noviembre,  diclembre,  enero  y  febrero;  frecuentes  de 
mayo  a  ajrosto.  No  se  registraron  cases  de  cerraz6n  que  dnraran  24  h.  seguldas. 
Lo  m&s  frecuente  es  verlas  dislparse,  hasta  las  mds  Intensas,  hacla  Ins  10  h. 

Frecnencia  dc  la  niebla — Cerrazdn   (periodo  1901-191^). 

Enero,  0.1 ;  fobrero,  0.4 ;  marzo,  1.2 ;  verano,  1.7. 

Abrll,  1.4;  mayo,  2.0;  junlo,  3.9;  otoHo,  8.2. 

Julio,  2.7;  agosto,  2.7;  septlembre,  l.C;  Invlerno,  7.0. 

Octubre,  0.9 ;  noviembre,  0.3 ;  diclembre,  0.2 ;  prlmavera,  1.4. 

AHo,  18.3. 

GBANIZO. 

No  es  mny  freaiente  en  Montevideo,  como  pue<le  verse  por  el  cuadro  que  ncompa- 
fiamos.  Es  apenas  coi]o<.'ido  en  el  verano;  en  el  Invlerno  tiene  su  mayor  frecuen* 
da  de  1.5  casos.    El  afio  ofrece  en  total  medio  apenas  3.9  casos. 

Freciicncia  media  del  granizo   {1901'-191Ji), 

Enero,  0.1;  febrero.  0.4;  mnrzo.  0.0;  verano,  0.5. 

Abrll,  0.2 ;  mayo,  0.2 ;  junlo,  0.3 ;  oloflo,  0.7. 

Julio,  0.2;  agosto,  0.7;  septiembre,  O.C;  Invlerno,  1.5. 

Octubre,  0.4 ;  noviembre,  0.4 ;  diclembre,  0.4 ;  prlmavera,  1.2. 

Afio,  3.9. 

Tamnfio  del  granizo. — En  30  afios  de  observaciones  personales  el  antop 
observd  un  solo  cnso  de  granizo  verdaderamente  notable  por  el  tamafio  de  las 
pledras.  Nos  referimos  a  la  manga  del  dfa  G  de  septiembre  de  1909.  Merece  la 
pena  el  extractar  de  una  memoria  publlcada  por  el  Sr.  Jer6nlmo  Zolesi,  sub- 
director  del  Instltuto  Naclonal  Ff.slco-Cllmatol6gico,  algunos  detalles  Intere- 
santes  sobre  tan  memorable  granizada: 

Una  manga  de  granizo  que  podemos  desde  Inego  considerar  memorable  por  el 
Inusltndo  tamafio  de  las  nle<]rns,  por  su  duracI6n  y  por  los  destrozos  ocasionados, 
Borprendl6  a  la  poblnci<Sn  -de  Montevideo  a  la  lli  5m  de  la  madrugada,  Inte- 
mimpiendo  la  qulotud  de  esa  born  con  el  conslcrnfente  sobresnlto. 

La  tormenta  desatada  en  la  tarde  del  dfa  anterior,  parecfa  cumplir  su  evolu- 
drtn  sin  presentar  fenomenos  mayormente  notables,  cuando  casi  simuUAneamente 
con  el  paso  del  viento  al  sur,  empez6  a  restallar  en  azoteas  y  claraboyns  el 
dioque  seco,  caracterfstico  del  granizo  que  se  preclpltaba  en  pledrns  de  tamafio 
hasta  a'>ora  no  observndo  en  lMoiitevi<leo  por  on  Ion  escribe  estas  Ifneas.  La 
anormalldad  del  clioque  no  pudo  menos  que  alarmamos.  Deblmos  comprender 
que  sobrada  causa  tenfamos  para  ello,  al  ver  cruzar  por  el  aire  en  fugltlvaa 
Hneas  blancas,  el  granizo  que  se  fr.igmentaba  estrellAndose  contra  el  pavlmento, 
mientras  mds  o  menos  proximo  llegaba  a  nuestro  ofdo  el  agudo  crujir  de  chapas 
dc  vldrlos  que  se  astlllabjin  o  ernn  perfomdjis  como  per  proyoctlles  dc  nrmns  de 
fuego,  segiin  puede  verse  por  el  grabado  respectlvo. 

Ix)S  ejempljires  recogldos  por  nosotros.  de  contornos  ovofdfiles  algunos.  esferol- 
dales  Irregulares  los  mds,  median  de  tres  a  cinco  centimetres  en  su  eje  mayor. 
Secclonados,  presentnban  un  n(^cleo  opaco  leoboso  iihirndo  hncin  el  centro.  nniy 
pocos  hacla  la  superficie.  Partlendo  del  mScleo,  notAbase  apenas  la  sobreposl- 
drtn  de  capas  en  contornos  suceslyos,  que  Interrumplan  la  transparencia  casl 
crista  Una  de  las  pledras/ 

>  Sobrc  una  memorable  granlzacla  cafda  el  0  de  septiembre  de  1009  por  Jernnlmo  Zolesi, 
profesor  sostituto  de  flsica  meteoroldglca  en  la  Facultad  de  Agronomla  de  Montevideo. 
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DBOUCCIONES    QUK    be    DesPRENDEN    DE   UN    ESTUDTO    80DBE    LAS    CaBACTERISTICAA 

DEL    QrANIZO. 


Resumlmos  a  cont1nuaci6n  Ins  conclusiones  a  que  llega  el  autor  de 
inemoria  con  respecto  a  las  principales  caraqterfsticns  del  fen^meno  en  Monte- 
video, sacadas  de  un  estudio  que  \\6  la  luz  pocos  afios  hace. 

1*.  De  los  27  casos  re^strados  durante  oclio  afios^  25  resultaron  de  graiw 
inenudo,  de  tamafio  Inferior  al  de  una  arveja ;  2  de  ta mafic  notable,  sin  ser  ex- 
traordlnarlo. 

2*.  Los  meses  de  enero,  febrero,  marzo,  abril  y  mayo  86lo  ofrecen  un  total 
absolute  de  cuatro  dfas  con  granizo  eu  los  ocho  afios,  de  los  que  tres  no  mereces 
especial  mencI6n  bajo  nin^n  concepto. 

8*.  De  los  27  casos  s6Io  3  o  4  se  produjeron  sin  venlr  acompafiados  por 
lluvia. 

4*.  De  ese  mismo  total,  5  se  producen  con  ^ientos  fuertes:  5  con  moderadoe; 
2  con  d^biles,  5,  sin  Indlcaciones  especlales. 

5*.  De  los  27  casos,  20  se  producen  soplando  vientos  entre  sur-sur-oeste,  con 
gran  predominio  del  sur-oeste.  2  con  vientos  del  sur,  2  del  oeste,  2  del  noroeste 
y  1  sin  indicaciones  de  nunbo. 

MANIFESTACIONES  ELECTRIC  AS. 

El  niimero  medio  anual  de  dfas  con  manifestaciones  el^ctricas  en  el  perfodo 
1001-1914  es  de  39.  De  este  fen6meno  se  ocupan  con  mayores  detalleslossefiores 
Anibal  Ribelro  y  Washington  Zarza,  respectlvamente  Secretarlo  y  AuxllUr 
primero  del  Institute  Nacional  Ffsico  Climatol6glco,  en  el  capftulo  segundo  dfr 
esta  misma  parte. 

ALOUNOS  BESULTAOOS  DEL  SEBVICIO  FLUVIOHfiTRICO  NACIONAI* 

El  corto  perfodo  de  funcionamlento  de  muchas  de  las  estaclonea  que  com- 
prende  el  Servlcio  Pluviom^trlco  Nacional,  no  nos  permlte  emprender,  por  tf 
momento,  la  determinaci6n  definitlva  de  la  zonas  pluviom^trlcas  de  la  Be- 
ptibllca. 

Sin  embargo,  una  Idea  suflclentemente  nproximada  de  laa  condlciones 
generales  del  Uruguay  desde  este  punto  de  vista,  la  ofrecer&  el  cuadro  numMco 
que  aconirmfia  este  comentario,  cuadro  del  cual  damos  m^s  adelante  una  repro- 
ducci6n  grdfica. 

El  trabajo  se  ha  hecho  sobre  la  base  de  52  estaciones,  cuyo  perfodo  de  fiui> 
cionamlento  es  de  sels  o  m&s  afios. 

El  cuadro  que  aparece  a  contlnuacl6n  suglece  un  breve  comentarlo. 

1^.  Las  cantldades  medlas  anuales  de  lluvia  en  todo  el  pafs  tienen  como 
Ifmite  un  maximum  de  mm.  1,294  para  el  Yf  (Durazno)  y  un  mfnimum  de  mm. 
824  para  Blzcocho  (Soriano).  Es  por  lo  menos  curloso  el  hecho  de  que  el 
promedlo  de  los  valores  anuales  de  lluvia  correspond lentes  a  las  52  esta- 
ciones (mm.  1,039)  dlfiera  tan  86I0  mm.  20  del  obtenido  por  la  semisuma  de 
los  extremos  mencionados. 

2**.  Los  valores  son  algo  mds  elevados,  en  general,  para  la  zona  norte,  nor- 
este  y  este  de  la  Repiiblica,  llmftrofe  en  toda  su  extensl6n  con  los  Estndot 
Unldos  del  Brasll.  El  grdf^co  que  responde  a  los  resultados  obtenldos  hasta 
1913  y  que  los  valores  exceslvos  de  1914  habrdn  elevado  senslblemente,  pero  no 
mocllficado  en  sus  Ifneas  generales,  asigna  a  esa  zona  un  total  medio  anual  de 
mm.  1,094. 
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Una  segnnda  zona,  que  recorre  el  litoral  atlAntico  del  Plata  y  abarca  en  su 
mayor  extensi6n  la  cuenca  media  y  baja  del  Rio  Negro,  ofrece  un  total  medio 
annal  de  nun.  922, 

En  fin,  ana  tercera  zona  de  menor  extensidn  que  las  anterlores,  rodeada  por 
ellas  que  toma  parcialmeote  los  Departamentos  de  Minas,  Florida,  Flores,  co- 
rrifodose  al  oeste  hasta  Soriano  con  un  prouiedio  de  mm.  800. 

8*^.  Del  andlisis  detallado  de  los  valores  no  resulta  (como  por  lo  demds  se 
liizo  notar  al  tratar  en  particular  las  observaclones  de  Montevideo)  un  pre- 
dominio  notable  de  lluvla  en  favor  de  alguna  estacidn  del  afio.  Pero,  com- 
parando  entre  si  los  valores  estacionales,  el  mayor  coefldente  no  pertcnece  a 
la  misma  estacidn  en  toda  la  Repdblica. 

Gonflrmando  una  aseveraddn  hecha  en  trabajos  anterlores,  parece  demos- 
trado  por  las  observadones :  que  el  verano  es  la  estad<5n  mds  lluviosa  para  la 
lona  este  y  sureste;  el  otofio  y  el  inviemo  para  la  zona  este-noreste,  Noreste 
y  Norte ;  la  prima  vera  para  el  oeste  y  el  suroeste. 

Fromedios  pluviometricot  anuales  para  52  €$tacione9  del   Uruffuay. 


LooaUdad. 


Zanja  Honda. 
Riyera. 


Paao  de  Atacpies. 

Tranqueras 

Paioinas 

Salto.. 


PaiodelGerro.... 
BafiadodeRooha. 

Ban  Fractaoso 

D^min 

PaTianad. ...!...! 

Esperania 

RioBranco 

Tupambad 

Santa  Clara 

ICarla  Isabel 

CerroChato 

LotOeiboi 

MoUes 

YI 

VUlasBoas 

Duraano 

Beilaoo. 


Estanda  Ombd. 

Fray  Bentos 

Mereedea 

Blaoodio 

Palmitas 

Tala  (Flores) 

Palma(FlorM).. 

La  Cms 

Florida 

Berrondo 

Tarariras 

Estanniela 

Cokmia. 


CastiUoa 

Rodia 

Paso  Real  (Rooha). 

Pueblo  Soils 

Bstaoidn  Soils 

MInas 

San  Jo66 

Ralcdn 

Rodrieaes 

<luadaiupe 


LaSleri 


La  Sierra 

San  Carlos 

Villa  CoWn 

Montevideo  ( Prado) . 


Latitud  I 
sur. 

1 

LlUYla 
anual. 

Perlodo. 

Total  de 
aflot. 

r 

1 

mm. 

30  23  I 

1,078 

1909-1914 

6 

30  fiO 

1,253 

1906-1914 

0 

30  56 

1,190 

1906-1914 

0 

31   7 

1,264 

1906-1914 

9 

30  68 

979 

1906-1914 

9 

31  18  , 

1,010 

1906-1914 

9 

31  27 

1,219 

1906-1914 

9 

31  36  1 

1,192 

190O-1914 

9 

31  40  < 

1,180 

1906  1914 

9 

31  28, 

990 

1906-1914 

9 

32   4! 

1,060 

1906-1914 

9 

32  17 

1,032 

1906-1914 

9 

32  20  1 

1,047 

1906-1914 

9 

32  35  ■ 

1,222 

190»-1914 

6 

32  41 

1,264 

1909-1914 

6 

32  52 

1,057 

1900-1014 

6 

32  50 

1,260 

1909-1914 

6 

33   2 

1,005 

1909-1014 

6 

33  13 

1,226 

1906-1914 

9 

33  00 

1.096 

1906-1914 

9 

33  ?  , 

1,294 

1906-1914 

9 

33  10 

960 

1906-1014 

9 

33  20 
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1906-1914 

9 

33  ? 

1.009 

1906-1914 

9 

33  ? 

960 

1906-1914 

9 

33   8 

1.025 

1906-1914 

9 

33  18  i 

830 

1906-1014 

9 

33  22  , 

824 

1906-1914 

9 

33  28 

912 

1906-1914 

9 

33  42  i 

1.056 

1900-1914 

6 

33  50 

1,162 

1909-1914 

6 

33  53 

845 

1906-1914 

9 

34   6 

953 

1906-1914 

9 

34   8 

838 

1906-1914 

9 

34  17 

856 

1906-1914 

9 

34  10 

1,062 

1906-1914 

9 

34  27 

973 

1906-1914 

9 

34  18 

1,053 

1906-1914 

9 

34  30 

1.080 

1906-1914 

9 

34  37 

1,025 

1906-1914 

7 

34  19 

983 

1907-1914 

8 

34  33 

876 

1906-1914 

9 

34  20 

928 

1906-1914 

9 

34  20 

978 

1906-1914 

9 

34  20  ; 

980 

1906-1914 

9 

34  24 

1,073 

1906-1914 

9 

34  32 

959 

1906-1914 

9 

34  29 

852 

1906-1914 

9 

34  42 

040 

1909-1914 

6 

34  45 

977 

1906-1914 

7 

34  48 

991 

1883-1914 

32 

34  54 

1.002 

1901-1914 

14 
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Promediot  y  extremo9  termom6trico9  relativoi  a  12  localidades  dH  Urmgwtf, 

Los  datos  del  servicio  termo-pluvlogriifieo  y  de  las  otras  KstadoDes  Caiumto- 
16gicas  Instaladas  i^ltimameDte,  do  serdn  utiUzables  para  la  determiimciAQ  de 
las  caracterfsticas  del  clima  de  las  dlstlntas  zonas  del  pals,  sino  dentro  de 
alguDos  afios,  cuamlo  el  material  cientifico  sea  sofidentemente  abimdaQte  coao 
para  pennitlr  cse  estudio. 

Los  proniedios  y  valores  absolutos  que  a  contlnoaddD  se  transcrfben,  perte- 
necen  a  series  de  obser^aoiones  practieadas  en  el  pals  desde  metliados  dd 
si^o  pasado,  o  a  algunas  estaclones  de  nuestro  senrido. 

Tcmpcraturat  ccnilgradoM  medias  p  extremal. 


LoctlidML 


Latitud 
8ur. 


LoocitadW. 


MedU. 


lUzima. 


Monterideo 

Monte  Vidro 

Montevideo 

Montevideo 

Villa  Coidn 

Rocha 

Rocba 

Toledo 

Nupva  Palmira.... 

La  Crux 

Estaoc.  San  Jorce., 
MollesQuintcros.. 

Mercedes 

Mercedes 

Pampa 

PajTsaodd 

Ballo 


34 
34 
34 
34 
34 
34 
34 
33 
33 


33 
33 
33 
32 
32 
31 


Parfs 

Paris 

Paris 

Paris 

Paris 

Onpenirieh 

Grrenvich 

Green  vicfa 

Green  arich 

Greenwich 

Green  vich 

Greenwich 

Greenwich 

Greenwich 

Greenwich 

Paris 


18  '  GrMOwldi 


58  31  • 

«  31  i 

£8  31 

58  31  t 

58  3$  , 

64  17  , 

54  17  ' 
56      4  i 

58  25 

56  14 

56  40 
58      7 

58     7  I 

56  15  I 

00  301 

68  CO 


1843>18S3  I 
1881-1886! 
1800-1803 
1001-1914  I 
1883-1902  . 
1887-18W 
190B-1910  , 
1908-1911 
1877-1880  : 
1900-1910  , 
188&-I8e7  , 
19ID-1911  ■ 
1908-1912  • 
1875-1884  , 
190»-1911  ! 
1900-1911  . 
1909-1910  ' 


16 
16 
16 


41  O 
3S  3 


•  00) 

1  0 


16  1 


16 
15 
16 
16 
17 
16 
16 
16 
17 
17 
17 
18 
18 


30  3 

40  4 

37  8 

41  2 
40  O 

36  9 

38  0 

37  2 

38  2 
40  6 


30  2 
41  8 
41  3 


-4  0 
—4  4 
-3  6 
-I  5 
-2  3 
-1  3 
-2  6 
-4  4 
-4  0 
-3  8 


-1  6 
-1  0 
-2  i 


Hemos  dlstribuldo  en  nn  mapa  las  temperaturas  del  cnadro  precedente  sio 
tener  en  cuenta  la  correccl6n  de  altura  sobre  el  nlvel  del  mar;  tales  valores. 
siendo  en  general  poco  conocldos  y  casl  sin  Importanda,  dadas  las  ddiiles  coo- 
didones  nltlmetricns  del  pals. 

El  exaiuen  de  esos  datos  rerela  an  anmento  evldente  de  la  tempera tnra  de 
Sur  a  Nurte  con  una  dlferencla  de  1*.7  entre  las  correspondientes  a  las  lati- 
tudes extremas  de  las  Estndones  predtadas  (31**  a  33**)  y  las  mils  meridiooales 
(33*  a  35"),  corao  resulta  del  cuadro  slgulente: 

Latitud  Sur.  31*  a  33*.    Temperatura  media,  17*.9  Centlg. 

Latitud  Sur.  33*  a  34*.    Temperatura  media,  16*^  Centfg. 

Latitud  Sur.  34*  a  35*.    Temperatura  media,  IG*^  Centfg. 

El  valor  1G*J2  corresponde  a  la  Isoterma  anual  que  atravlesa  la  Italia  p^ 
nlnsular  central,  la  costa  meridional  de  Francla,  el  Norte  de  Espafia  y  Porto- 
gal,  las  costas  merldlonales  de  Australia,  el  Sur  de  la  Colonla  del  Cabo  y  1» 
Pampa  Argentina  SeptentrlonaL 

CAPfTULO   SEGUNDO. 

Aerologia — CoMecucncia$  que  pueden  deducirte  de  nuestrot  lansamiento9  de 

Globo$  Piloto9, 


Del  andllsis  de  70  lanzamlentos  pradlcados  en  ^pocas  dlstlntas  y  por  gmpoi 
de  ocho  o  dlez  en  t^rmino  medio,  resultan  conflrraadas  en  general,  las  slgulentoi 
concluslones  a  las  que  se  habfa  llegado  mediante  la  primera  serle: 

1*.  Que  en  el  seno  de  la  atDicjsfera,  aun  en  los  dias  mds  calmosos  y  serenos  • 
la  superficie.  sin  agitacl6n  baroro^trica,  se  mueven  corrlentes  de  toda  po* 
tencla  y  dlrecd6n  con  veloddades  proplas  dlstlntas. 
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2*,  Que  la  I-ey  de  Egnell  "  la  vcloddad  del  viento  varia  en  razdn  inveraa  de  la 
den8idad  del  aire  a  partir  de  loa  200  o  SOO  metro$  haata  lo$  12,000'*  ley  que 
no  concuerda  con  mis  observaciones,  deberfa  modificarse  en  esta  forma :  "/a  ve- 
locidad  del  viento  aumenta  con  la  altura,  mientras  no  ae  saiga  del  eauee  de  una 
corricnte  atmoaJMca  o  torrente  a6reo  y  haata  cierta  diatancia  de  loa  hordes  de 
la  corrienie,** 

3".  Que,  confirmando  anterlores  observaciones,  hechas  con  cometas  meteoro- 
Mglcas  en  el  Observatorlo  del  Prado,  la  corriente  inferior  de  la  brlsa  parece 
llmitar  sus  efectos  a  400  o  500  metros  de  altura. 

4*".  Que  en  los  puntos  de  contacto  de  dos  corrientes  sobrepuestas  (cuanto 
mds  dlvergentes  mds  acentuado  es  el  hecho),  la  velocidad  se  reduce  hasta  caer 
casi  del  todo. 

5°.  Que  puede  elevarse  un  globo  casl  con  calma  y  ser  sorprendldo  a  poca 
altura  por  un  verdadero  vendabal  que  nada  hacfa  presumlr. 

6**.  Que  estas  corrientes,  aun  las  de  menor  cuantfa,  no  son  momentdneaa 
sino  de  cierta  duraci6n  ya  que  observaciones  repetidas  en  la  misma  tarde  con 
una  o  dos  horas  de  intervalo,  reproducen  las  trayectorlas  en  la  mayorfa  de 
sus  detalles. 

1**.  En  fin,  que  a  partir  de  los  3,000  a  los  5,000  metres,  los  globes,  en  la 
mayorfa  de  los  casos,  sienten  una  corriente  de  gran  predominlo  que  los  arrastra 
desde  el  WNW.,  corriente  que  tal  vez  quedarfa  evidenclada  conio  permnnente 
con  mayor  mlmero  de  observaciones  por  arriba  de  los  4,000  a  los  0,000  metros. 

FRECUENCIA   T   MODALIDAD   DE    LAS    CALMAS    HOBABIAS    EN    MONTEVIDEO. 

La  quietud  fibsoluta  del  aire  aun  tratfindose  de  una  zona  limitada,  es  un 
fen<5meno  casl  desconocido  en  el  seno  de  la  atm<3sfera.  Ki  en  las  regiones  de 
presi6n  nivelada  el  equillbrio  Uega  a  ser  tan  perfecto  como  para  eliminar  por 
complete  todo  movlniiento:  en  el  mismo  centre  ambulnnte  de  calmas  ecua- 
toriales  la  observaci6n  demuestra  la  existencia  de  corrientes  que  alteran  su 
tranquil  Idad. 

Al  tratar  de  calmas  atmosf^ricns,  nos  referlremos  necesarlamente  a  ealmaa 
relativaay  es  declr  a  cieitas  condlclones  o  estado  de  la  atmosfera  en  que  el 
movlmieuto  de  sus  mol^ulas  (viento)  cuyo  reposo  es  alterado  por  desequilibrloa 
t^rmicos.  traducidos  en  desequilibrios  dindmlcos,  no  alcanza  el  gi*ado  necesario 
de  velocidad  para  responder  a  un  criterio  tornado  como  base  para  separar  la 
actividad  del  niovlmiento  e61lco  de  una  trnnqullldad  relativa. 

Nos  ocuparemos  tan  s61o  de  los  movimientos  que  afectan  la  componente 
horizontal  y  que  se  producen  en  la  proximidad  de  la  superficie  terrestre,  porque 
son  los  que  casi  exclusivamente  interesan  desde  el  punto  de  vista  t^nico  o 
industrial,  asf  como  los  mejor  conocldos.  Kuestro  estudio  abarca  0  alios  de 
observaciones  hechas  en  el  Observatorlo  del  Prado  donde  funcionan  con  toda 
regularidad  desde  1906  un  anem6metro  el^trico  Richard  y  Denza  con  totali- 
zador  hellcoldal  de  Cravero,  instalados  a  3  metros  sobre  el  pretfl  de  la  torre,  a 
17  sobre  el  suelo  y  a  41  sobre  el  nlvei  del  mar. 

Concretando:  iQw^  entendemos  por  calma  en  nuestro  caso  especial? 

En  los  reglstros  del  Observatorlo  del  Prado  y  en  sus  publicaciones  se  con- 
sidera  como  hora  de  calma  aquella  en  que  el  viento  no  alcanza  a  recorrer  un 
klldmetro  en  ese  espacio  de  tlempo:  en  otros  termlnos,  cuando  su  velocidad  es 
inferior  a  m.  0.3  por  segundo.  Entonces  el  humo  sube  vertical  o  casi  vertical; 
descansan  ramas  y  hojas;  s61o  una  mano  mojada,  elevada  por  sobre  nuestra 
cabeza,  revela  el  tenue  movimlento  del  aire  por  una  parcial  sensacI6n  de  frio. 

El  C6dIgo  Meteorol6glco  Interna  clonal,  aceptado  por  el  Congreso  de  Innsbruck 
(1905)  y  publlcado  en  1911,  resuelve  se  incluyan  entre  las  calmas  todos  los 
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Calxnas  horarias  del  vlento.     Perlodo 
1906-1914,  nueve  afios. 


vientos  cuya  vclocldad  no  Uegue  a  m.  0l5 
por  segundo,  o  redondeando,  que  do  alcanoe 
a  2  kll6metros  por  hora. 

No  solamente  tratareiuos  nuestro  ma- 
terial de  observa  clones  cernltodolo  al  travfis 
de  iimbos  tamices,  sino  que  ampliareiDoe 
las  investigaciones  hasta  valores  qae  s6lo 
por  convendonalismo  podremos  considerar 
bajo  el  nombre  de  calmas,  elevando  soa 
limites  hasta  5,  7,  12  y  15  kil6metroe 
horarios,  o  sea  respectivamente  1.4,  2,  3, 
y  4.2  metros  por  segundo,  ya  que  dentro  de 
estos  If  mites  no  s61o  funclonan  sluo  dan 
rendimiento  la  mayorfa  de  los  aeromotoreM 
{molinos  de  viento). 

La  operaci6n  del  tamizaje  nos  dir&  el 
tantum  de  horas  utiles  de  viento  por  cada 
uno  de  los  criterios  aplicados.  Al  mlsmo 
tiempo  tomaremos  nota  de  la  frecuenda 
horaria  de  las  calmas  investlgando  si 
hubiere  boras  o  meses  especlalmente  tB- 
vorecidt)s  por  su  mayor  o  menor  nfimero. 

Calmaa  horarias  (0  a  1  kms,)  (m.  0,S  por 
$egundo). — Sobre  el  total  de  78,888  horas 
de  los  nueve  alios  (dos  son  bisiestos),  2,014 
son  con  calma. 

La  proporci6n  anual  alcanza  el  2J5  por 
ciento,  tluctuando  entre  los  Umltes  ex- 
tremos :  para  el  m&ximum  de  6.43  por  ciento 
correspondlente  al  alio  de  1912;  y  1.45  por 
cfento  para  el  minimum,  correspondlente 
al  alio  1907.  Con  este  criterlo  tenemos  en 
el  peor  de  los  casos  una  proporcl6n  media 
de  93  horas  por  ciento  con  vlento. 

Mejor  que  los  ntimeros,  las  curvas  de 
di8tribuci6n  horaria  media,  hechaa  sobte 
la"  base  del  porcentaje  horarlo  anual  de 
calaias,  nos  evidencian  que  las  horas  cen- 
trales* del  dia,  es  decir  de  11  a  16  h.,  el 
[)orcentaJe  cae  a  valores  fnflmos,  al  panto 
de  que  prd,cticamente  pueden  considerarse 
hi.s  calmas  como  inexistentes  en  esas  horas. 
El  porcentaje  se  conserva,  en  efecto,  durante 
esas  horas  Inferior  a  1  por  ciento,  con  on 
minimum  de  0.5  por  ciento  a  las  13  y  14  h. 
Este  hecho  se  ve  reproducido  en  todos  loe 
meses  del  uflo;  se  pronuncla  con  mayor 
iiitonsidad  en  los  meses  cstivales. 

La  misma  curva  nos  Indies  rft  que  el  por- 
centaje de  calmas  se  eleva  a  su  m&ximom 
en  las  primeras  horas  de  la  mafiana  y 
primer  as  de  la  noche,  sufrlendo  eon  frecuen- 
cia  una  calda  eon  proximidad  de  la  medin 
noohe,    que    segiiramente    giinrda    relacl6n 
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con  la  brisa  de  Uerra«  En  cuanto  a  la  frecnencia  raensual,  el  porcentaje  flucttla 
entre  Ifmites  poco  acentuados,  sin  guardar  una  correlaci6n  rigurosa  con  la 
Telocidad  del  viento,  como  resulta  de  la  trascripci6n  de  los  siguientes  valores : 

Frecuencia  menstutl  de  las  calma$  {1906-1914). 


Vientoen 

metrospor 

aegundo. 


Sncro.. 
Febrcro 
Mano.. 
Abril... 
Kayo... 
Jimlo... 
Inlio... 


3.7 
8.7 

a.2 

S.6 
3.3 
3.4 
3.7 


Poroentiije 

decalmas  , 

hor.  O.     • 

<1  Km. 

bor. 


PorcUfUo. 
2.0 
L4 
3.1 
3.2 
8.0 
4.0 
4.7 


Vientoeo 

metrospor 

aeguDdo. 


Agosto 

Septiembre 
Octubro... 
Noviembre. 
Dioiembre. 

Aflo. 


4.1 
3.0 
4.1 
3.0 
4.0 


8.7 


Porrei^ltad 

deo&lmas 

bor.  0« 

<1  Km. 

hor. 


Pot  demo, 
1.0 
2.3 
2.0 
1.3 
l.fi 


2.6 


Julio  fuerza  su  coeficiente  de  calmas  hasta  un  4.7  por  ciento:  en  agosto  las 
talmas  son  apenas  conocidas  y  el  porcentaje  desciende  a  1  por  ciento. 

Calmas  horarias  {0  a  <  2  kUdmetros  horarios), — ^El  criterio  de  la  calma  se 
lia  ampliado  hasta  la  velocidad  de  menos  de  2  kilbmetros  horarios  o  sea  todo 
▼iento  de  menos  de  0.5  m.  por  segundo.  El  ni!imero  total  de  calmas  en  los  9 
afios  se  eleva  a  3,342  que  equivale  a  una  proporci6n  media  anual  de  4.2  por 
ciento,  presentando  como  Hmites  extremos  para  el  mdximum  9.4  por  ciento  en 
1912  y  1.8  por  ciento  en  1910. 

La  frecuencia  horaria  presenta  como  Ifmites  respectivamente  para  el  m&xl- 
mum  y  el  minimum  7.5  por  ciento  a  las  7  h.  y  0.8  por  ciento  a  las  14  h.,  con  una 
cafda  hacia  la  media  noche.  La  frecuencia  mensual  flucttia  entre  7.4  por  ciento 
(Julio)  y  2.5  por  ciento  (diciembre). 

Tenemos,  por  tanto,  una  proporci6n  minima  del  92  por  ciento  de  horas 
ventosas. 

Calmas  horarias  (0  a  <  5  kU6metros  horarios). — Oonsiderando  como  horas  de 
caima  aquellas  en  que  el  viento  fud  inferior  a  5  km.  horarios  (1  m.  4  por 
segundo),  el  ntlmero  de  calmas  alcanza  a  un  total  de  8671  sobre  78,888,  o  sea 
al  10.98  por  ciento,  fluctuando  la  frecuencia  anual  de  calmas  entre  un  mdxi- 
mum de  17.6  por  ciento  en  1912  y  un  minimum  de  7.4  por  ciento  en  1910. 

El  ezamen  de  los  valores  respectivos  pone  de  manifiesto  un  m&ximum  en 
las  primeras  horas  de  la  mafiana  y  primeras  de  la  noche,  aunque  se  nota 
algo  mds  favorecldo  el  mdximo  de  la  noche  que  el  de  la  mafiana. 

La  variaci6n  dlurna  de  la  frecuencia  de  estas  calmas  se  produce  entre  los 
extremos  medios  siguientes:  16.6  por  ciento  a  las  20h.  y  3.4  por  ciento  a  las 
14h.    Nos  queda  un  benefido  mfnimo  de  83  horas  por  ciento  de  viento. 

Calmas  horarias  {0  a  <  7  kUthnetros  horarios). — Oonsiderando  como  caimas 
los  intervalos  en  que  el  viento  no  alcanza  a  los  7  kildmetros  horarios  (2  m  por 
segundo)  el  ndmero  de  ellas  casi  se  duplica  con  respecto  al  criterio  anterior 
(calmas  de  0  m  a  <  5  kil<5metros),  sumando  en  total  en  los  nueve  afios  14,869 
horas,  o  sea  18.2  por  ciento:  redondeando,  la  quinta  parte  del  total  de 
horas.  Los  Ifmites  anuales  entre  los  que  flucttia  su  frecuencia  son  de  25.0  por 
dento  en  1912  y  de  14.4  por  ciento  en  1906. 

En  la  frecuencia  horaria  se  presenta  la  misma  marcha  que  la  comprobada 
con  los  criterios  anteriores.  Es  dedr:  un  mdximum  en  las  primeras  horas 
de  la  mafiana  y  otro  en  las  primeras  de  la  noche,  notdndose  una  cafda 
en  la  fre<!ueneia  de  las  calmas  hacia  la  media  noche.    Los  Ifmites  medios  de 
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la  frecuencia  horaria  sod  25.9  per  dento  para  el  mj^xjiniiTii  a  las  5h.  y  6l9 
por  clento  a  las  14  lioras. 

Calmat  Jiorarias  (0  a  <,  12  kil6metro$  Ju>rario$). — Ck>nslderando  codm>  calmas 
aquellas  en  que  el  viento  fu^  Inferior  a  12  kilometros  o  sea  3.3  por  segundo 
la  proporci6n  de  calmas  crece  notablemente.  Se  eleva  a  33;260  boras  calmosas 
sobre  7S,888  o  sea  42.1  por  clento  fluctuando  la  frecuencia  anual  de  calmas 
entre  un  nidximum  de  48.6  por  clento  en  1912  y  un  minimum  de  35^  por 
dento  en  190a 

La  variacion  diurna  que  no  dlflere  en  su  flsonomfa  de  las  anterlores,  ofreoe 
como  llmltes,  53.1  por  dento  a  las  5  boras  y  24.8  por  dento  a  las  14  boras. 

Estudlnndo  so  distrlbuci6n  borarla  se  obtlene  en  el  perfodo  de  9h.  a  ISh. 
on  porcentaje  de  70  por  clento  de  boras  tltiles  con  viento  superior  a  los  3.  m  3 
por  se^ndo. 

Calmas  horarioM  {0  a  <  15  kil&metros  horarios). — ^En  fln  y  por  Ultimo, 
considerando  como  calmas  todas  las  boras  con  vientos  inferiores  a  15  kilome- 
tros, poco  mAs  de  la  velocidad  media  borarla  del  viento  en  nuestro  pais,  los 
valores  borarios  anemom^tricos  todavfa  nos  dan  una  proporci5n  media  anual 
de  42  por  clento  boras  con  Viento  tltil,  siendo  sus  Ifmites  extremos  anuales 
de  calnin  G2.9  por  ciento  para  1914,  y  49.7  por  dento  para  190ft. 

La  diferencia  de  un  mes  a  otro  decrece  a  medida  que  se  fuerza  el  criteria 
de  la  calnia:  aquf  mayo  prima  con  01  por  dento  de  calmas,  contra  53.5  por 
dento  de  octubre.  En  cuanto  a  las  boras,  las  4h.  ofrecen  el  radximum  (67j9 
por  ciento)  y  las  14b.  y  15b.  el  minimum  con  41.8  por  ciento. 

Condensando  en  una  tabla  los  resultados  finales  de  esta  investigadOn. 
obtenemos  en  definitlva  del  examen  de  nueve  alios  de  observadones  borarias 
del  viento  en  el  Observatorio  del  Prado: 


Calmas  horarias  del  viento  en  el  periodo  1906-19H. 


Sobre  an  total  absolato  de 
78,<WS  boras,  hubo  iina  pro- 

porci<5n  por  clonto  do 

ProporcWn,  por  ciento: 

Mdxim.  aflo. 

Kfnim.  afto 

M&xinu  mpd.  horano 

Minim,  mod.  honuio 

ifixim.  med.  roensual 

Minim,  mcd.  mensual 


Calmas 
Oa<lkm. 


2.55 


Calmas 
Oa<2km. 


4.20 


Calmas    !    Calmas 
O  a<5  km.  I O  a<7  km. 


ia98 


(1912)  6.43   (1012)  0.49  (1912)17.57 
(1907)1.45    (1010)  L79|(  Win    7.4 
'--'--      (7h.)  7.5   (20 h.) 

(14  h.)  0.8  (14  h. 

(Jnliop.4   hulio! 


(7h.)  5.3 
(13-14)  a* 
aniio)  4. 7 
(agto.)l.O 


(agio.)  2. 2 


llft.6 
I.)  3.4 
0)16.8 
irdbfe.)7.1 


18.20 

(1912)25.04 
(1906)14.39 
(5  h.)  25.9 
(15 h.)  6.9 
(agto.)25.9 
(dhre.)l3.0 


Calmas 
Oa<12km. 


Calmas 
Oa<Uk]B 


42.10 

(1912)48.6 
(19(16)35.5 
(5  h.)  53. 1 
(14  h.)  24. 4 
rBiavo)50.2 
(dbrc.)36.1 


«7.87 

(1014)62  9 
0906)49.7 
<19]4)67.9 
(1906)  4L8 
(mavo)95J 
(oct.>5lS 


Disponemos,  pues,  para  emplearla  como  impulso  en  los  aeromotorcs,  de  una 
proporcldn  elevada  con  viento  litil  que  en  el  caso  mds  severo  de  los  analizados 
anterlormente,  se  eleva  a  un  48  por  ciento  en  el  perfodo  de  mds  activa  labor 
diurna  (de  9  h.  a  18  b.)  y  que  todavfa  arroja  un  35  por  clento  en  los  perfodos 
menos  favorecldos  (madrugada  y  entrada  de  In  noche). 

^No  es  ^ta  una  condicI6n  que  podrfan  envidlurnos  mucbos  pafses  que,  a 
pesar  de  poseer  coeficientes  mds  bajos  de  velocidad  y  dlstrlbuciOn  anual  en 
un  todo  Irregular  y  fluctuarlo,  se  esfuerzan  por  sacar  el  mejor  provecbo  de 
sus  menos  favornbles  condiciones  eolicas?  Un  dfa  relativaraente  calmoso. 
relnando  noroeste,  desde  la  segunda  azotea  del  Observatorio  que  donilna  al 
rededor  de  40  mollnos  de  viento,  de  todos  tamafios.  procedencias  y  alturas,  bioe 
un  control  experlraental.  Tenia  a  ml  disposicion  las  Indicticiones  directas  do 
dos  anem6metros  y  esperfi  la  puesta  en  marcba  de  los  aeromotores. 
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EI  resultado  fu4  el  siguiente :  De  los  libres,  dos  terceras  partes  pasaban  de  la 
<inietud  al  movimiento  cuando  los  anemdmetros  sefialaban  entre  2,  5  y  3  metros 
por  segundo. 

A  los  12  kll6metros  no  habfa  parados  mds  que  los  mollnos  cerradoa. 

Abora  blen,  t^ngase  en  cuenta  la  alta  frecueneia  de  nuestras  boras  con 
vlento:  que  esas  condiciones,  ya  muy  favorables  de  suyo,  pueden  inejorarse 
notablemente  elevando  la  toma  de  aire  a  mayor  altura  de  la  que  en  general  se 
acostuuibra,  es  declr,  por  enclma  de  los  25  metros.  recordando  el  resultado  de 
nuestros  experlmentos  por  medio  de  globos  pllotos,  demostratlvo  de  que 
en  las  capas  de  aire  inmediatas  al  suelo  la  velocldad  del  viento  crece  rdplda- 
mente  hasta  aumentar  en  un  tcrcio  a  dos  quintas  partes  a  los  100  m. 

Que  pu^len  preferirse  para  iustalacidn  de  molinos  parajes  altos  y  lejos  de 
masas  arbCreas  y  constnicciones  que  retienen  el  aire  en  su  marcba  y  reducen 
8U  velocldad. 

Que,  en  fin,  es  de  esperarse  que  en  el  rdpido  camlno  ascendente  de  la 
mecdnlca  aplicada,  se  consiga  rebajar  el  valor  de  las  Inercias  y  roce  de  los 
aeromotores,  aumentando  su  rendimi£nto. 

Y  no  podrd  negarse  que  si  no  utilizamos  como  fuerza  motora  directa  o 
Indirecta  esta  poderosa  energfa  que  aglta  sin  descanso  la  uiasa  atmosf erica, 
traduci^ndola  en  obra  dtil  por  medio  de  los  molinos  de  viento,  no  serd  porque 
la  naturaleza  baya  dejado  de  favorecernos  tambi^n  en  esto  como  en  otraa 
mucbos  manifestaciones  de  su  liberalidad. 

LAS  SEQUlAS  EN  EL  CLIMA  DE  MONTEVIDEO. 

En  vista  de  la  crecida  cantidad  anual  de  lluvla,  que  fu^  estimada  entre 
$00  a  1,000  mUimetros,  y  con  tan  discreta  distrlbuci6n,  SO  dias  con  lluvia  me- 
dible  bastante  equitativamente  repartidos  en  el  afio,  parecerfa  que  el  Uruguay 
debiera  desconocer  casi  las  sequfas.  Y  sin  embargo  no  es  asf :  esta  queja  surge 
a  menudo  de  entre  nuestros  bombres  de  campo. 

Las  scqulas  o  perfodo  de  pobreza  udometrica  fu6  deflnlda  en  formas  diversas 
por  los  que  se  ocupan  de  la  materia.  Hellmann  consldera  como  pertodo  de 
tiempo  9CCO  aqn6l  en  que  el  agua  caida  es  tan  eacasa,  que  los  agricultores  no  la 
Henen  en  cuenta  caai,  Symous  considera  como  sequia  absoluta  el  perlodo 
durante  el  eual  el  pluvidmetro  no  scflala  un  ddcimo  de  milimetro  por  lo  mcnos 
durante  catorce  o  quince  dias. 

La  deflnici6n  de  Hellmann  es  en  extremo  arbitraria  y  hace  imposible  un 
^studio  de  conjunto  y  comparaciones  pues  es  blen  evidente  que  para  distlntos 
cultlvos  o  para  distintas  fases  de  los  mismos  es  distinta  la  exigencia  udome- 
trica :  a  lo  cual  debe  agregarse  que  la  naturaleza  del  terreno  y  basta  la  forma 
€n  que  baya  sldo  preparado,  influye  notablemente  en  el  aprovecbamlento  de  la 
lluvia,  aun  sin  tener  en  cuenta  otras  muchas  circunstancias  que  podrfan 
hacer  varlar  el  criterlo  relativo  a  las  condiciones  pluviomtoicas  entre  per- 
«onas  perteneclentes  a  la  misma  zona  cllmat^rlco-agrfcola. 

La  segunda  definici6n  asigna  a  las  sequfas  llmites  demaslado  reducidos. 
Con  el  criterlo  de  Symons  nuestro  clima  ofrecerfa  mucbos  alios  un  sinmSmero 
de  sequfas.  Citando  al  acaso,  el  1903  presentarfa  nueve  perfodos  de  sequfa 
en  nueve  meses  distintos.  Y  sin  embargo  su  total  (977.6  mm.)  mds  blen  peca 
por  exceso  que  por  falta,  compardndolo  con  la  normal  y  con  exclusion  de  1914. 

Preferimos  tomar  como  base  el  siguiente  criterlo :  Se  considera  como  periodo 
4e  sequia  el  que  alcance  o  exceda  a  las  dos  dicadas  sin  una  lluvia  de  por  lo 
menos  5.1  mm.  Para  este  criterlo  se  tlene  en  cuenta  la  naturaleza  arcillosa  pre- 
dominante  en  nuestras  tlerras,  la  forma  ondulada  del  terreno  que  irregularlza 
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la  absorcl6n  y  la  hace  diffcil  en  las  partes  altas:  la  desproporci6n  entre  ti 
suelo  destlnado  al  pastoreo  y  a  la  agricultura :  el  predominio  de  las  gromfneas  en 
lOB  prados  naturales  que  con  su  compacta  red  de  ralces  forman  una  como 
coraza  y  diflcultan  la  penetraci6n  de  la  lluvia :  en  fin,  el  laboreo  de  las  ti^rras 
en  la  mnyorfa  de  los  casos  poco  hondo. 

Un  estudio  llevado  sobre  el  perlodo  mds  largo  de  observaciones  pluTiom^tri- 
cas  homog^neas,  1884-1914  o  sea  31  aQos,  con  que  cuenta  el  Uruguay,  las  dti 
Observatorlo  del  Colegto  Pfo  de  Villa  CJol6n,  que  el  autor  de  esta  nota  tuvo  ft 
sn  cargo  desde  1886  hasta  1900,  demuestra : 

I**.  En  los  81  a  Cos  hubo  115  casos  en  que  con  un  intervalo  de  20  dfas  de 
duraddn,  por  lo  menos,  no  cayeron  Uuvlas  superlores  a  5.1  mm.  Eso  da  vn 
t^rmino  medio  de  tres  a  cuatro  perfodos  de  esa  naturaleza  por  alio. 

11**.  De  esos  115  perfodos  o  intervalos  son :  68  de  20  a  25  dfas,  17  de  26  a  80 
dfas,  13  de  31  a  35  dfas,  8  de  36  a  40  dfas,  4  de  41  a  45  dfas,  1  de  46  a  50 
dfas,  1  de  51  a  55  dfas,  3  de  56  a  65  dfas,  siendo  el  mayor  intervalo  sin  llavias 
de  esa  intensidad  de  66  dfas  el  afio  1893. 

III*".  Todos  los  afios,  con  la  sola  excepcl6n  del  1914  (cuya  pluviosidad  bate  el 
record  de  las  observaciones  seculares  en  la  regl6n  del  Plata)  ofrecen  algdn  caso 
de  intervalos  sin  lluvia  segtin  el  expresado  criterio:  an  solo  caso  en  1900:  dot 
en  los  aflos  1894, 1901, 1904, 1912.  El  afio  1897  cuenta  con  el  mayor  nfimero :  siete 
intervalos  entre  20  y  80  dfas. 

Con  anterloridad  a  &te,  el  autor  de  esta  Nota  habfa  reallzado  un  estadlo  aobre 
la  base  de  20  afios  de  observaciones  y  partiendo  de  un  criterio  m&s  severo,  se 
consideraba  como  periodo  de  sequia  el  que  no  regUtrara  durante  doB  d^oadas 
un  tniUmetro  de  lluvia  por  lo  menos, 

Se  lleg(5  asf  a  las  siguientes  conclusiones  que  merecen  ser  r^roducidas : 

I^  Durante  20  afios  hubo  23  perfodos  en  los  que  con  una  duracido  mfDima 
de  veinte  dfas,  no  cayeron  lluvias  superlores  al  milfmetro. 

II**  De  esos  23  perfodos^:  11  son  de  20  a  26  dfas,  7  son  de  25  a  30  dfas,  6  mm 
de  80  a  45  dfas. 

III^  Los  afios  1888, 1889, 1899, 1900  y  1901  no  ofrecen  ningfin  caso. 

IV^  Oonslder&ndolos  en  conjunto :  5  pertenecen  al  verano,  6  pertenecen  a  ia 
primavera,  10  pertenecen  al  invlerno,  2  pertenecen  al  otofio,  o  tamblto:  liS 
pertenecen  al  perfodo  del  afio  que  corre  de  abril  a  octubre  (B8tael6n  frfa)  ;  7  de 
octubre  a  abril  (Estaci6n  calurosa).  Esta  preferencia  en  favor  de  la  4K>ca  tti& 
del  afio  se  destaca  mayormente  si  se  exduyen  los  perfodos  inferiores  a  25  dfas. 
En  efecto :  Ninguna  sequfa  de  perfodo  superior  a  los  25  dfas  ^  verified  en  los 
.  meses  de  enero,  f^rero,  manso,  abril,  noviembre  y  dlciembre. 

El  resultado  de  esas  ezcursiones  por  los  registros  es  que  en  este  dims,  tf 
titimero  de  sequfas  que  puedan  verdaderamente  considerarse  tales  en  la  prdctlca 
(de  30  dfas  o  m&s),  es,  en  resumen: 

Sin  lluvia  de  por  lo  menos  1  mm.  (perfodo  1884-1914) :  Una  cada  seis  afios. 

Sin  lluvia  de  por  lo  menos  5.1  mm.  (perfodo  1884-1914) :    Una  por  afio. 

Debemos  buscar  luego,  en  otras  causas  que  no  sea  la  frecuenda  de  las  seqolasr 
la  raz6n  de  la  queja  mencionada  mds  arriba.  Seguramente  la  preocupacidn,  la 
exageraci6n  y  la  general  lzaci6n  a  todo  el  pals  de  hechos  limitados  a  zonas  entra 
eomo  factor  no  despreciable. 

Pero,  dejando  esto  a  un  lado,  no  se  olvide,  repit&moslo,  la  calidad  predominante 
de  nuestro  suelo  arcilloso  y  compacto:  la  forma  de  explotaci6n  del  mlsmo;  la 
ondulaei6n  del  terreno  que  rechaza  el  agua  a  los  bajos,  provocando  nuestras 
caracterfstlcas  y  bruscas  crecientes  de  arroyos  y  cafiadas,  mientras  se  denudan 
las  cuchillas  y  las  lomas  para  elevar  el  fondo  de  los  cursos  de  agua;  la  falta 
casi  total  de  obras  de  regadfo,  cuando  las  corrientes  subterr&neas  abundan  a 
medianas  profundidades  en  toda  la  repiJblica;  la   fuerza  de  los  vlentos  no 
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atenuadas  por  defensas  naturales  o  artificlales  que  moderen  los  efectos  evnpo- 
rantes  y  la  temperatura  bnstante  elevada  de  nuestro  clima;  consklerese  al  fin 
que  (segOn  resulta  de  un  estudio  llevado  tambi^n  en  el  transcui-so  de  los  81 
afios  en  Villa  CoI6d)  la  mitad  de  nuestras  Iluvlas  no  esrceden  de  5  mm.  y  se 
tendrd  en  gran  parte  la  explicaci6n  que  se  busca. 

La  repobIaci6n  de  los  montes :  la  matizacl6n  del  suelo  con  manchas  arbdreas ; 
la  roturacl6n  mds  extensa  y  mds  hondn  de  la  tlerra :  oportunas  obras  de  regadfo. 
favorecidas  por  el  alto  coeficlente  de  horas  sin  calma,  atenuar&n  los  efectos  de 
esta  condlcl6n  especial  de  nuestra  pluvlometrla. 

LAS    MANIFESTACIONES    ELlSCTRICAS    EN    MONTEVIDEO. 

La  observacii^n  de  las  manifestaciones  el^tricas  de  la  atmdsfera  presenta 
DO  pocas  dificultades  en  la  prdctica,  que  dan  a  los  datos,  aun  a  los  reunidos 
en  forma  empeflosa  y  con  las  precauciones  y  cuidados  que  aconsejan  las  buenai 
normas  de  observacidn  y  una  experiencla  de  afios,  deficiencias  diflclles  de 
subsanar. 

Asf,  por  ejemplo,  deben  ser  numerosas  las  manifestaciones  el^tricas  diumas 
que  pasan  inadvertidas  para  el  observador  ya  por  la  intensidad  de  la  luz  del  dfa 
ya  por  causa  del  trdflco  urbano. 

Las  horas  noctumas  tambi^n  ofrecen  sus  inconvenlentes ;  est&  fuera  de  todas 
dndas  que,  sobretodo  en  el  tiltimo  tercio  de  la  noche,  muchos  meteoros  de  esa 
(ndole  quedan  exclufdos  del  registro  por  carencia  de  informes. 

Se  trat6  de  suplir  la  observaci6n  directa  por  medio  de  registradores  auto- 
mAticos  de  las  descargas.  Pero  los  ceraundgrafos  o  los  simples  PopofT  mAs  o 
menos  modificados,  hasta  la  fecha  no  permiten  eliminar  muchas  descargas 
artiflciales  nl  ubicar  en  rumbo  y  distancia  el  foco  de  aquellas.  Nada  diremos 
de  la  dificultad  de  clasificar  con  alguna  aproximacidn  la  intensidad  real  del 
fen6meno,  que  trdtase  de  deducir  de  la  mayor  o  menor  f recuencia  de  los  trazos : 
lo  cual  evidentemente  no  puede  ser  un  crlterio  aceptable,  pues  puede  estarse 
en  presencia  de  un  aparato  el^rico  poco  Intenso  pero  capaz  de  frecuentes 
descargas;  y  puede  el  mismo  foco  el^trico  estar  situado,  con  respecto  a  la 
E8taci6n  receptora,  a  distancia  muy  grande  y  no  alcanzar  sus  ondas  hasta 
el  registrador,  o  estar  a  corta  distancia  impresiondndoio  entonces  hasta  con 
las  descargas  mds  dalles. 

Para  la  formaci6n  de  esta  estadfstica  no  hnn  sldo  tenldos  en  cuenta  los 
dates  suministrados  por  los  registradores  del  Observatorio  del  Prado,  no  86lo 
por  los  motives  citados  mds  arriba,  sino  para  hacer  mds  comparables  entre 
sf  dates  procedentes  de  dos  series  meteorol6gIcas  que,  al  ser  utilizadas,  ampHan 
nuestro  estudio  a  32  aflos  de  observaciones  (1883-1914). 

Todas  las  observaciones  son  directas;  proceilen  de  la  anotaci6n  del  o  de 
los  eucargados  de  las  observaciones  habituates,  habi^ndose  utlUzado  algunas 
veces  los  informes  de  personas  extraflas  al  Observatorio,  slempre  que  el  informs 
se  confirmara  a  satisfaccl6n. 

Se  engloban  bajo  el  nombre  de  manifestaciona  eJMHcas  las  descargas 
aparatosas,  los  truenos  locales  o  lejanos  aunque  no  se  hayan  podldo  sorprender 
los  reldmpagos  y  los  asl  llanmdos  impropiamente  reldmpagos  de  calor. 

El  resultado  estd  contenido  en  los  cuadros  que  transcribimos  y  que  con- 
tlenen : 

I*.  El  ndmero  de  dfas  con  manifestaciones  el^ctricas  en  cada  mes,  estaci6n  y 
aflo  del  perfodo  1883-1914. 

II*.  La  distrlbuclon  de  esos  valores  por  cuatro  perfodos  Interdlurnos :  Ma- 
drugada  (de  1  h.  a  6  h.) ;  maQana  (de  7  h.  a  M.  D.) ;  tarde  (de  13  h.  a  18  h.) : 
noche  (de  19  h.  a  M.  N.). 
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Las  deducclones  que  de  esos  cuadros  se  desprenden  son : 

I*.  En  nuestro  clima  el  nilmero  anual  de  dfos  con  manlfestaeiones  el^ctricas 
se  eleva  a  47. 

IV.  El  verano  y  la  prlmavera  retienen  el  major  nilmero  de  casos.  Kl  oto&o 
el  menor. 

III*.  SI  reducimos  a  curvas  los  totales  anuales,  se  nota  que  despu^  de  haber 
culnilnado  la  curva  en  el  valor  mdxlmo  anual  de  87  dfas  con  manifestaciones 
el^tricas,  el  afio  1900  empieza  una  Ifnea  general  de  descenso  bien  definida  hasta 
valores  Inferiores  a  30,  que  luego  es  detenida  por  una  brusca  elevacldn  &k  d 
afio  1914,  an6malo  desde  tantos  puntos  de  vista. 

En  vista  de  esta  dlsmlnucWn  de  casl  tres  qulnqueuios  seguldos  en  las  maiil- 
festaclones  electrlcas,  es  pemiltldo  preguntar  si  el  aumento  de  las  instala* 
clones  luetAUcas  aereas  en  la  capital  y  suburblos,  osl  como  en  general  eo 
campafia  (Hneas  telegrAficas,  telef6nlcas,  de  luz  y  energfa  el6ctrica;  vlu» 
ferrens;  dlvlslones  y  sub-dlvlslones  de  tlerras  y  predlos  a  base  de  alambrados 
o  tejidos  uietTiltcos  etc.),  puede  baber  Influfdo  en  la  dlsiulnucl6n  de  la  fre- 
cuencia  de  tan  liuportante  fen6mcno  obrando  como  descargadores  lentos  pero 
contliiuos  de  la  energfa  elC^ctrlca  atmosferlca  y  causando  una  baja  en  el 
niiniero  de  las  descnrgtis  aparatosas. 

IV*.  En  la  dlstrlbucl6n  Interhorarla  es  la  noche  la  que  ofrece  la  mayor  fre- 
cuencia  del  fenouaeno,  Indlstlntamente  en  todas  las  Estaclones  del  afio:  no 
t^rnilno  medio  de  30  casos  anuales  contra  10  que  reglstra  la  tarde,  13  la 
madrugada  y  13  la  maQana.  Pero  no  deben  olvldarse  las  razones  expuestas 
mAs  arriba  que  expllcan  en  parte  este  predomlnio. 

Parece,  sin  embargo,  blen  deflnldo  el  becho  slgulente:  En  la  ^poca  calurosa 
del  afio  la  frecuencla  se  acentila  renlmente  mds  en  la  prlmera  parte  de  las 
boras  nocturnas,  mientras  en  la  frfa  se  nota  una  evldente  tendencla  a  forzarla 
en  las  boras  de  la  tarde  sobre  todo  en  sus  postrlmerias,  cuando  m&a  cerca 
estd  la  puesta  del  sol. 

KHmero   de   vcces    que   se   regisiraron   manifestacionet   el^ctricas — {Periodi> 

isss-rou. 


Meses,  estaclones  y  afio. 

En  la 
madrugada. 

En  la 
roaflana. 

En  la  tarde. 

En  la  noche. 

Eneldla. 

Total. 

Total. 

Total. 

Tctal. 

Total. 

Abs. 

Medio. 

Abs. 

Medio. 

Aba. 

Medio. 

Abs. 

Medio. 

Aba. 

tfedio. 

Kncro 

38 
30 
38 
27 
26 
34 
60 
35 
31 
29 
31 
41 

ioS" 

87 
116 
101 

1.2 
0.9, 
1.2 

as 
as 
1.1 

1.6 
1.1 
1.0 

a9 
ao 

1.3 

3.3 
2.7 
3.7 
3.1 

42 
29 
43 
32 
20 
27 
44 
30 
38 
28 
35 
42 

114 

79 
112 

105 

1.3 

ao 

1.3 
LO 

ae 
a  9 

1.4 

ao 

1.2 

a9 
1.1 

1.3 

"1.5 
2.5 
3.5 
3.3 

50 
43 
55 
42 
28 
29 
46 
39 
46 
44 
44 
52 

148 
99 
131 
140 

L6 
1.4 
1.7 
1.3 

ao 
ao 

1.4 
1.2 
L4 
1.4 
1.4 
1.6 

4.7 
3.1 
4.0 
4.4 

103 
90 

102 
76 
52 
49 
66 
50 
56 
71 

107 

122 

301 
177 
172 
300 

3.2 
3.0 
3.2 
2.4 
L6 
1.5 
2.1 
1.6 
1.8 
2.2 
8.3 
3.8 

9.4 
5.5 
5.5 
9.3 

150 
L38 
1«2 
IW 
87 
86 
128 
90 
05 
106 
152 
190 

459 
2W 

313 
450 

i.0 

Febrero 

4.S 

Ilarzo 

5^1 

Abril 

S.5 

Mavo 

17 

Juiiio 

IT 

Julio 

4.0 

Agosto 

1» 

Septicinbre 

S.0 

Octn'  ro 

3.4 

Novlem » 're 

4.T 

Dlciembre 

6.9 

Verano 

114 

Otofto 

8.9 

\ 

Invlemo 

9Lft 

Prlmavera 

14.0 

Alio. 

410 

12.8 

410 

12.8 

518 

10.2 

051 

2a7 

1.508 

47.1 
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Dia»    con    manifeatacUmes    eUctricas     {Villa    Coldn,    188S-1900) — periodo 

1901-1914). 
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0 

2 
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1884 
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3 

8 

2 

7 

6 

3 

5 

14 

12 

20 

14 

60 

1885 

8 

3 

4 

5 

4 

18 

7 

7 

14 

46 

1886 

6 

0 

2 

2 

17 

8 

3 

9 

37 

1887 

2 

6 

3 

8 

7 

10 

7 

12 

36 

1888 

6 

6 

6 

8 

19 

10 

20 

17 

66 

1889 

6 

2 

1 

5 

16 

11 

10 

n 

50 

1890 

3 

0 

2 

6 

18 

11 

10 

11 

50 

1891 

4 

2 

4 

0 

19 

10 

9 

12 

50 

1892 

7 

1 

5 

6 

18 

6 

4 

17 

45 

1883 

7 

1 

1 

8 

15 

7 

6 

12 

40 

1894 

4 

6 

10 

6 

12 

7 

16 

20 

55 

1895 

12 

2 

4 

9 

19 

10 

8 

IS 

55 
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5 

4 

3 

7 

12 

6 

16 

19 

53 
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3 

9 

10 

11 

4 

19 

44 

1898 

7 

3 

11 

3 

3 

I 

2 

10 

21 

16 

7 

15 

61 

1899 

4 

9 

15 

10 

3 

10 

19 

19 

2o 

16 

79 

1900 

10 

10 

13 

6 

6 

8 

26 

12 

26 

2? 

87 

1901 

3 

6 

3 

6 

9 

10 

3 

14 

10 

46 

1902 

7 

3 

3 

8 

8 

17 

14 

12 

21 

04 

1903 

8 

2 

4 

4 

7 

Z'y 

9 

11 

19 

64 

1901 

4 

5 

2 

2 

6 

16 

5 

11 

8 

40 

1905 

4 

1 

3 

2 

5 

12 

6 

5 

9 

32 

1906 

3 

4 

0 

5 

9 

10 

11 

4 

19 

44 

1907 

5 

4 

0 

3 

4 

9 

8 

7 

9 

33 

1908 

2 

0 

2 

3 

4 

3 

8 

10 

5 

11 

34 

1909 

7 

1 

3 

2 

3 

15 

3 

5 

10 

33 

1910 

0 

1 

3 

0 

3 

5 

3 

5 

11 

24 

1911 

3 

0 

3 

0 

0 

9 

6 

3 

3 

12 

24 

1912 

4 

6 

0 

0 

1 

3 

U 

5 

1 

8 

28 

1913 

2 

4 

0 

2 

0 

3 

2 

8 

5 

4 

8 

25 

1914 

2 

5 

2 

7 

4 

2 

6 

12 

12 

19 

11 

57 

Total. 

130 

138 

162 

113 

87 

86 

128 

90 

95 

108 

152 

190 

459 

286 

3l:j 

4.-10 

1.508 

FromedJo. 

5.0 

4.3 

5.1 

3.5 

2.7 

2.7 

4.0 

2L8 

3.0 

3.4 

4.7 

5.9 

14.4 

8.9 

9.8 

14.0 

47.1 

Paste  Tebceba* 
MEJORAS  E   INSTALACIONES  EN  VlA  DE  REALIZACION. 

La  parte  tercera  de  esta  Memoria  debla  referlrse  brevemente  a  los  detnlles 
de  algunas  mejoras  e  instaladones  ya  planeadas  y  niucUas  en  via  de  reali- 
Eacldn. 

La  escasez  de  tieinpo  no  nos  permlte  llenar  nuestros  prop6sltos,  vl^ndonos 
en  la  obligaci6n  de  Ilmltarnos  a  la  simple  cita  de  esas  iniclatlvas. 

<A)  Fundacl6n  de  tres  Estaclones  Flto-Meteoroldgicas  con  el  crlterio  de 
AskinazI  y  Giuseppe  Azzl,  con  la  cooperacidn  del  Instituto  Nacional  de  Agro- 
nomfa  y  de  las  Estaciones  Agron6micas  Naclonales. 

<B)  Elstablecimiento  de  ana  dependencia  para  lanzamientos  de  Globos  y 
estudios  de  electricidad  atmosf^rlca  y  teltirica  en  una  zona  libre  de  campafla 
annqne  no  muy  alejada  de  la  capital. 

(O)  Lanzamientos  simultdneos  mensuales  de  Globos  pilotos  en  Montevideo 
y  en  una  Estaci6n  del  interior  (Durazno). 

(D)  Estudio  sobre  la  variacl6n  de  la  velocldad  del  viento  y  la  cantidad 
de  Iluvia  con  la  altura,  medlante  estaclones  similares  al  pie  y  en  la  cumbre 
de  tres  de  nuestros  principales  cerros,  tomando  como  tlpo  la  que  funcionarA 
desde  el  1"  de  enero  de  1916  en  Sierra  de  Animas  y  Balneario  Solfs  (Departa- 
mento  de  Maldonado),  respectlvamente,  a  500  y  a  22  metros  sobre  el  nivel 
del  mar. 
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PromedioB  horarios  de  Vt 


*  Tempera tnrn  Cent  a  la  sombra**  en  el  pcriodo 
1901-1914. 


1 

2 

3 

4 

5 

17.6 
17.7 
16.3 
14.2 
10.8 
9.0 
8.5 
8.3 
9.8 
11.5 
13.8 
16.3 

6 

18.5 
1.^.0 
16.2 
14.1 
10.6 
8.9 
8.4 
&2 
9.8 
12.1 
15.1 
17.6 

7 

20.2 
19.6 
17.4 
14.6 
10.8 
8.8 
8.4 
8.3 
10.6 
13.6 
16.9 
19.4 

8 

9 

23.4 
23.1 
21.2 
17.9 
13.7 
10  7 
10.3 
10.9 
13.7 
16.2 
19.7 
22.2 

10 

24.4 
24.3 
22.4 
19.3 
15.0 
11.9 
11.3 
12.1 
14.7 
17.2 
20.7 
23.3 

11 

» 

13 

Knero 

18.9 
18.8 
17.5 
liS.I 
11.5 
9.7 
9  1 
9.0 
10.5 
12.4 
14.8 
17.2 

18.4 
18.5 
l#.l 
14.8 

n.^ 

9.5 
9.0 
8.8 
10.3 
12.2 
14.4 
16.8 

18  0 
18.2 
16.8 
14.6 
11.1 
9.4 
8.8 
8.6 
10.1 
11.9 
14.1 
16.5 

17.7 
17.9 
16  6 
14.4 

no 

9.2 
8.6 
8.5 
10.0 
11.7 
13.9 
16.2 

21  9 
21.5 
19.5 
16.2 
11.9 
9.3 
9.0 
9.5 
12.3 
16  0 
18.3 
20.8 

2.15 
25.3 
21.3 
20.2 
16.1 
12.9 
12.4 
12.9 
15.5 
17.9 
21.5 
24.3 

25-9 
25.9 
23.9 
2II.6 
16.6 
1.3.6 
13.1 
13.5 
16.1 
18.3 
21  8 
24.6 

S-f 

Febrero 

USTIO 

Abril 

Mayo 

Junio 

Julio 

A|!0^tO 

Septlembre 

Octubre 

NoAiemhre 

DiclembfO 

JBul 
94.1 
W.l 
17.1 
14.1 
l^f 
13.0 
16  4 
IKt 
2S.1 
94.T 

Verano 

18.4 
12.1 
9.5 
14.8 

18.0 
11.9 
9.4 
14.5 

17.7 
11.7 
9.2 
14.2 

17.4 
11.5 
9.0 
13.9 

17.2 
11.3 
8.9 
L3.9 

17.6 
11.2 
8.8 
14.9 

19.0 
11.4 
9.1 
16.6 

210 
12.5 
10.2 
18.0 

22.6 
14.1 
11.6 
19.4 

23.7 
15.4 
12.7 
20.4 

24.7 
16.4 
13.6 
21.2 

2S.2 
16.9 
14.2 
21.6 

31.4 

Otoflo 

17.1 

Inviemo 

Primavera 

14.t 

a.t 

Arto 

13.71 

13.42 

13.18 

12.97 

12.82 

13.12 

14.05 

15.43 

10.92|  18.05 

18.98 

19.40 

ULO 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Enero. 

25.9 
94.2 
21.1 

17  1 
14.3 

n.6 

14.0 
16.3 

18  6 
22.0 
24.7 

26.0 
25.7 
23.9 
20.9 
16.9 
14.2 
13.5 
13.8 
16.2 
18.3 
21.8 
24.5 

25.5 
25.2 
23.4 
20.5 
16.4 
13.8 
13.1 
13.5 
15.8 
17.9 
21.4 
94.0 

24.8 
24.6 
22.7 
19.6 
15.3 
12.8 
12.1 
12.7 
15.0 
17.1 
20.7 
23.5 

23.9 
23.6 
21.4 
18.2 
14.2 
11.7 
11.1 
11.6 
13.8 
15.9 
19.6 
22.6 

22.5 
22.1 
20.2 
17.2 
13.4 
11.2 
10.5 
10.8 
12.8 
14.9 
18.1 
21.2 

21.5 
21.3 
19.6 
16.6 
13.0 
10  8 
10.2 
10.4 
12.4 
14.3 
17.3 
20.1 

20.8 
20.7 
19  1 
16.1 
12  6 
10.5 
9.9 
10.0 
11.9 
13.9 
16.7 
19.3 

203 
20.1 
18.7 
16.7 
12.3 
10.8 
9.6 
9.8 
11.6 
13.5 
16.3 
18.8 

19.8 
19.7 
18.3 
15.4 
12.1 
10  1 
9.4 
9.5 
11.3 
13.1 
15.8 
18.3 

19.3 
19.3 
17  9 
15.2 
11.8 
9.9 
9.3 
9.2 
10.2 
12  8 
15.4 
17.7 

1191 

Febrero 

Marzo. 

n.m 

2a  07 

Abril 

17.  a 

Mayo 

13.44 

Junio 

11.11 

Julio 

10.51 

Airo^ 

Septlembre 

Octubre 

ia74 
14.90 

Noviembre 

DIciembre 

1&« 
2a  tt 

Verano 

OloAo 

25.4 
17.6 

14.6 
21.8 

25.2 
17.3 
14.5 
21.5 

24.7 
16.9 
14.1 
21.1 

24.0 
15  9 
13.3 

23.0 
14.7 
12  2 
19.4 

21.6 
13.9 
11.4 
18.1 

20.8 
13.5 
11.6 
17.2 

20.2 
13.1 
10.6 
16.6 

19.7 
12.8 
10.3 
16.2 

19.3 
12.5 
10.1 
16.7 

18  8 
12.3 
9.6 
15.3 

21.3 
13.0 

Inviemo 

Primavera 

11.3 
17  7 

Aflo 

19.82 

19.64 

19.21 

18.41 

17.30 

16.24 

15.62 

15.13 

14.76 

14.40   U  Od 

10.10 



1 

Tempcratura  **C.,  al  abrigo,  valores  medios  mensualety  estacionalei  y  antcoZeo, 

periodo  lOOl-WU. 


IfMea. 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

• 

23-0 
22  9 
21.0 
16.5 
13.6 
11.0 
9.1 
10.2 
12.1 
15.6 
18.4 
22.0 

1913 

• 
21.7 
24.0 
19.0 
18.4 
15.5 
10. .« 
13.0 
12.6 
13.7 
l.i.5 
19.3 
20.0 

1914 

• 

23.3 
31.0 
19.  T 
17.7 
14.  R 
13.2 
12.9 
12.6 
12.8 
15.3 
17.3 
2a3 

Mo- 

dia. 

• 
21.4 
22.1 
21.2 
15.5 
14.6 
H.5 
10.0 
10.1 
14.3 
lfl.3 
18.4 
21.1 

22.1 
23.6 
20.9 
18.7 
16.1 
13.3 
10.8 
8.6 
12.8 
14.3 
18.0 
20.6 

• 

21.9 
212 
21.9 
17.5 
14.0 
11  0 
10.1 
10.8 
14.9 
14.6 
18.5 
20.6 

• 
21  3 
20.9 
20.4 
18.0 
13.5 
11.9 
12.3 
10  1 
12.8 
15.0 
17.9 
19.3 

• 

20.9 
20.7 
20.1 
16.7 
12.2 
12.2 
9.2 
10.7 
14.1 
16.2 
17.7 
20.4 

• 
22.  F 
22.3 
21.8 
18.7 
15.5 

9.6 
11.3 
11.6 
13.1 
16.2 
l«.l 
20.2 

• 
22.7 
22.2 
21.6 
17.4 
12.1 
10.  S 
9.6 
9.7 
11.4 
14.7 
18.4 
22.5 

• 
20.9 
20.2 
20.3 
16.9 
12.6 
11.5 
10.2 

9.5 
12.8 
15.8 
18.1 
20.9 

• 
22.3 
21.0 
18.4 
16.1 
11.1 

8.9 
10.4 
12.8 
13  4 
14.4 
16.5 
19.8 

• 

21.7 
20.6 
17.5 
l.'i.8 
11.6 
11.4 
8.^ 
10.4 
11.5 
13.6 
18.4 
20.7 

• 
21.5 
21.0 
18.0 
16.0 
12.4 
7.9 
9.8 
10.4 

Hi 

S:J 

• 
22L0 
21.0 
20.1 
17.1 
13.  i 
11.3 
10.0 
IOlI 
12.0 
15.0 
18  1 
3O0 

Verano 

Otofto 

Invierno 

Primavera 

Aflo 

21.6 
14.9 
11.5 
18.6 

22.2 
16.0 
10.7 
17.7 

"zTo 

14.5 
11.9 
17.9 

20.9 
14.5 
11.7 
17.4 

loTe 

13.7 
11.3 
18.1 

22.3 
14.6 
12.0 
18.2 

22.2 
13.4 
10.2 
18.5 

20.5 
13.7 
10.8 
18.3 

20.6 
12.0 
12.2 
16.9 

19.9 
12.9 
10.2 
17.5 

20.^ 
12.1 
10.4 
17.1 

22.3 
13.7 
10.5 
18.7 

21.  A 
14  8 
13-1 
18.3 

21.6 
15.2 
12  8 
17.6 

21.0 
14.0 
11.4 
17.0 

16.6 

16.6 

16.6 

16.1 

15.9 

16.8 

16.1 

15.8 

15.4 

15.1 

14.9 

16.3 

16.9 

16.8 

10. 1 

ASTBONOMY,  BiETEOROLOGY,  AND  SEISMOLOGY. 
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Pre$i6n  harom^trica,  valoret  medioM  meruuales,  esiacionales  y  anuales,  periodo 
[Alttira  de  la  cubeta  sobre  el  mar  m.  29, 34.] 


Heses. 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912. 

1913 

1914 

Me. 

dia. 

Enero , 

• 

58.3 
58.9 
60.0 
60.0 
59.2 
59.3 
60.2 
62.4 
61.7 
60.0 
58.5 

• 
58.0 
56.0 
59.1 
60.0 
58.6 
60.0 
60.1 
63.3 
61.1 
61.0 

«.?  7 

• 

57.6 
57.9 
57.1 
60.2 
62.0 
59.7 
63.3 
62.2 
62.1 
59.5 
58.3 
57.4 

• 
58.6 

• 
51  A 

• 

58.3 
59.9 
59.3 
60.0 
59.1 
61.3 
61.8 
61.9 
61.2 
59.9 
58.6 
56.6 

• 

58.0 
59.2 
58.9 
60.6 

• 

67.3 
68.2 
59.7 
59.7 

• 

56.7 
68.9 
68.6 
61.9 
61.4 
62.1 
.64.7 
61.7 
61.3 
61.8 
57.5 
56.7 

• 

56.8 
67.4 
60.4 
60.6 
62.4 
60.7 
62.2 
61.2 
61.9 
62.8 
59.2 

.W  2 

• 
56.6 
58.^ 
62  4 

• 

57.8 
56.4 

• 
68.4 
67.7 
68.8 
58.0 
60.1 
62.5 
60.1 
60.5 
60.4 
61.1 
59.5 
69.0 

• 

66.6 
68.7 
58.7 
59.2 
60.7 
5&1 
58.6 
60.8 
59.6 
.60.5 
66.8 
67.7 

• 
67  6 

55.5;  57.4 
57.7'  59.8 
fi0.0  59.4 
61.9  60.1 
61.9  59.9 
59.  l|  61.2 
61.0,  61.3 
60.5  60.7 
60.1   5a  9 
58.8  69.9 
58.4]  .58.5 

57. »' 

Marzo 

AQ  n 

59  2 

Abril 

59.3   61.6 
60.8^  60.6 
63.  4|  61. 1 
62  7  A3  A 

60.0 

Mayo 

Jumo 

62.3 
60.0 

62.0 

60.8 
61.0 

JuUo 

63.0.  63.3 
63.7  63.6 
61.4  62.5 
60.2  60.0 
59.2  58.6 
55.6  57.7 

61  7 

Aposto 

Septiembre 

Octubre 

No%  ierobre 

61.0 
62.2 
62.7 
57.9 
55.6 

61.3 
64.0 
60.6 
57.8 
56.6 

61.8 
61.6 
60.6 
5.^  4 

Diclembre 

57.2' 57.5 

57.4 

Verano 

Otoflo 

Invierno 

Primavwa 

59.  ll  57.7 
59.51  59.  ft 
61.4,  61.5 
58.6  58.7 

57.5 
60.6 
62.6 
58.4 

57.3  .58.2 
61.2  59.8 
60.2  61.1 
59.1   59.1 

59.2 
60.1 
61.6 
5H.4 

58.7   58.4 
61.0  61.9 
62. 7.  63. 1 
58.3  58.8 

5ao 

61.8 
62.6 
58.7 

58.2 
61.2 
61.8 
60  4 

58.9 
61.2 
62.0 
58  7 

57.7 
61.1 
63.0 

AS  3 

58.3 
60.2 
60.3 
59.9 

68.0 
59.3 
59.7 
68.3 

58.2 
60.6 
61.7 
58.8 

Aflo 

59.6  69.4 

5..8 

59.4  69.5 

1 

59.8 

60.3  60.6 

60.3 

60.4 

60.2  60.0 

69.7 

58.8 

69.8 

Promedios  horarios  de  la  **  presidn  baromdtrica,**  en  el  periodo  1001-100^, 


Ua«. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Enero 

67.4 
67.8 
59.2 
60.1 
61.1 
61.2 
62.0 
62.0 
61.6 
60.7 
58.4 
57.3 

57.3 
67.7 
59.1 
60.0 
61.0 
61.1 
61.9 
61.9 
61.4 
60.5 
58.3 
57.2 

57.2 
57.6 
59.0 
59.9 
6a9 
61.0 
61.8 
61.7 
61.2 
(>0.4 
58.2 
57.1 

67.3 
57.6 
58.9 
59.8 
6a  8 
Ga9 
61.7 
61.6 
61.2 
6a  5 
58.3 
57.2 

67.6 
57.7 
59.1 
59.9 
6a  8 
6a  9 
61.6 
61.7 
61.3 
6a  6 
58.5 
.S7.6 

67.8 
57.9 
59.3 

oai 

61.0 
61.1 
61.8 
61.8 
61.6 

6a  9 

58.8 
57.7 

68.0 
58.3 
59.6 
6a  3 
61.2 
61.3 
62.0 
62.1 
61.9 
61.2 
59.0 
58.0 

58.2 
58.4 
59.8 
60.6 
61.4 
61.5 
62.2 
62.2 
62.1 
61.3 
59.2 
58.1 

58.1 
5&5 
59.9 
60.7 
61.6 
61.6 
62.4 
62.4 
62.1 
61.3 
59.1 
58.1 

58.1 
58.5 
69.9 
00.7 
61.7 
61.8 
62.5 
62.5 
62.1 
61.3 
59.0 
58.0 

58.0 
58.3 
59.7 
6a  6 
61.5 
61.7 
62.4 
62.4 
62.0 
61.1 
58.9 
57.8 

57.9 
58.2 
59.6 
60.3 
61.2 
61.3 
62.1 
62.1 
61.6 

6a  9 

58.7 
57.7 

57.6 

Febroro 

58.0 

Marzo 

Abrll 

59.3 
60.0 

Mayo 

JunJo 

Julio 

6a  7 
6a  9 

61.6 

Agosto 

61.6 

Septiembre 

Octubre 

6L3 
GO.  6 

Noviembre 

58.6 

Diclembre 

67.5 

Verano 

58.1 

6a  8 

61.9 
58.8 

68.0 
60.7 
61.7 
58.7 

57.9 
60.6 
61.6 
58.6 

57.9 
60.5 
61.6 
58.7 

58.1 

oas 

61.5 
58.9 

58.3 
6a8 
61.7 
59.1 

58.7 

oao 

62.0 
59.4 

58.8 
61.1 
62.2 
59.6 

68.8 
61.3 
62.3 
59.6 

58.8 
61.4 
62.4 
59.4 

58.7 
61.3 
62.2 
69.3 

68.6 
60.9 
61.9 
59.1 

6S.3 

OtoAo 

6a6 

Invicruo 

61.6 

Prlmavenix « . . 

58.9 

Aflo 

59.9 

59.8 

59.7 

59.7 

59.8 

60.0 

60.2 

6a4 

60.5  1  6a5 

6a4 

60.1 

69.9 

Meses. 

14 

16 

10 

17 

18 

19 

20 

21 

23 

33 

34 

Me- 
dia. 

Enero 

Febrero 

67.4 
57.7 
68.9 
£9.7 
6a  4 
6a  6 
61.3 
61.3 
61.0 
6a3 
58.2 
57.2 

67.2 
57.5 
58.7 
59.0 
60.3 

oas 

61.3 
61.2 
6a7 

eai 

68.0 
57.0 

57.0 
57.3 
68.6 
59.5 
6a  3 

eae 

61.3 
61.2 

6a7 

60.0 
67.9 
56.9 

56.8 
57.2 
68.5 
59.6 
6a4 
6a7 
61.3 
61.3 
6a8 

6a  1 

57.8 
66.7 

56.8 
57.2 
58.6 
59.6 
6a5 
6a8 
61.6 
6L5 
6L0 
6a2 
57.9 
56.8 

66.9 
57.3 
68.7 
59.8 
6a7 
61.0 
61.7 
61.7 
61.2 
6a4 
58.0 
56.9 

57.2 

57.5 
58.9 

oao 

6a8 
61.1 
61.8 
61.9 
61.4 
6a6 
68.3 
57.1 

67.4 
57.8 
69.1 

eai 
6a9 

61.2 
6Z0 
62.0 
61.6 

6a  8 

68.6 
67.4 

6S.1 
6a7 
61.9 
58.9 

67.6 
58.0 
59.2 
6a  2 
61.0 
61.2 
6Z1 
62.1 
61.7 
60.9 
68.6 
57.6 

57.7 
58.0 
59.2 
6a  2 
61.1 
61.3 
62.1 
62.1 
61.6 
6a8 
68.6 
57.6 

57.6 
58.0 
C9.2 
6a  2 
61.1 
61.3 
61.1 
61.9 
61.6 
60.8 
68.6 
57.6 

67.60 
57.84 

Marzo 

59.10 

Abril 

6a  06 

Mavo 

6a93 

Juiiio 

61.11 

JuJio 

61.85 

Agosto 

61.84 

Septiem  bre 

6L44 

Octubre 

6a  68 

Noviembre 

68.47 

Didembre. 

67.41 

Verano 

58.0 

oas 

61.2 
58.6 

67.8 

6ai 

61.1 
58.4 

57.6 

6ai 

61.1 
68.3 

67.5 
60.2 
61.1 
58.2 

57.6 

6a3 

6L3 
58.3 

57.6 

6a5 

61.6 
58.4 

67.9 

6a  6 

61.7 

58.7 

68.3 
6a8 
62.0 
59.0 

68.3 
6a  9 
61.9 
69.0 

68.3 

eao 

61.9 
58.9 

58.16 

Otoflo 

6a70 

Inviemo 

61.71 

Prlmavenix . .  *      *  x .  * 

58.85 

Aflo. 

69.6 

60.3 

60.3 

50.3 

59.4 

60.5 

60.6 

69.9 

60.0 

oao 

oao 

50.86 

1 
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PromedioM  ?iorario$  de  la  **  humedad  relativa  en  centMma*,**  en  el  periodo  de 

1906-19U. 


Mmml 

1 

2 

8 

4 

5 

6 

7 

8 

0 

10 

11 

12 

U 

Snero 

81.9 
81.9 
88.2 
84.4 
86.5 
86.8 
88.0 
87.6 
88.3 
80.0 
82.1 
80.1 

83.2 
82.9 
84.0 
86.1 
80.2 
86.3 
8&1 
87.7 
88.8 
86.5 
83.0 
81.7 

84.4 
84.0 
86.2 
86.4 
87.0 
86.7 
88.6 
88.2 
88.4 
87.2 
84.2 
82.6 

86.3 
84.9 
86.9 
86.7 
87.1 
87.0 
89.1 
88.5 
80.2 
87.6 
85.4 
83.8 

86.9 
86.0 
86.0 
86.0 
87.6 
87.8 
89.4 
88.6 
89.3 
87.9 
86.2 
83.8 

86.1 
86.7 
87.3 
86.2 
88.2 
87.8 
80.6 
88.6 
80.3 
87.8 
84.3 
81.7 

78L4 
8L8 

89.1 
88.2 

80.7 
88.6 
87.9 
82.7 
77.9 
77.4 

7L0 
7^8 
78.0 
8L3 
86.7 
87.6 
8&6 
86.3 
82.8 
76.5 
71.4 
68.1 

64.7 
66.6 
7a6 
73.8 
8a8 
83.4 
84.8 
81.0 
77.1 
70.6 
66.0 
6L8 

60LO 

aao 

64.8 
68.3 
75.3 
7&6 
81.1 
77.1 
72.0 
66.7 
6L0 
67.4 

6A6 
55.4 
60l9 
64.8 
70.2 
74.1 
76.4 
73.3 
09.3 
63.4 
58.2 
611 

5S.1 

53.8 

111 

67.3 
7a9 
73.2 
71.2 
67.3 
82.3 
57.4 
5aL5 

614 

Febrcro 

52.9 

Mano 

56.2 

Abril  

50.6 

Mavo 

66.7 

Junto 

68.6 

4ulio 

7L3 

AsoRto 

68L7 

Septiembre 

66.1 

Octubre 

61.4 

Novfomtvo 

65.6 

Pidembrtt 

So 

Vflrano 

82.7 
86.2 

87.9 
82.7 

83.4 
S6.9 
88.2 
83.7 

84.6 
86.4 
88.7 
84.7 

85.4 
86.6 
88L9 
85.4 

86.3 
87.0 
88.1 
86.0 

86.0 
87.4 
89.1 
84.4 

81.9 
87.9 
8&7 
78.3 

74.4 
85.2 
86.0 
72.0 

67.0 
79.3 
82.3 
65.8 

6L6 
74.1 
77.0 
61.7 

67.4 
69.6 
73.0 
58.6 

55.3 
0S.5 

7a« 

57.4 

SLi 

OtoAo 

616 

Invl<«lO.  ..x...r.,.r. 

61.0 

PriinavcrA. .......... 

5&2 

Aflo 

84.6 

85.8 

86.1 

86.6  1  87.1 

86w7 

84.2 

79.4 

73.3 

68.6 

64.6 

e2L4 

61.1 

Meaet. 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

94 

Media. 

Bnaro 

64.2 
63.5 
56.4 
60.4 
65.6 
67.7 
7a5 
68.8 
66.4 
61.2 
55.6 
61.4 

64.7 
64.2 
68.6 
66.1 

65.0 
54.7 
67.6 
60.8 
65.9 
67.5 

7a9 

69.4 
67.1 
6L9 
56.1 
6Z3 

56.9 
56.4 
50.8 
6L2 
68.1 
69.8 
72.8 

7a3 

6&6 
63.6 
57.8 
64.1 

60.0 
68.3 
62.7 
64.9 
72.7 
74.6 
77.2 
72.9 

n.6 

65.9 
60.7 
6flL0 

62.4 
63.9 
68.1 
71.4 
78.2 
79.7 
81.9 
7&0 
76.8 
7a8 
69.4 
69.6 

68.0 
68.8 
74.6 
76.8 
81.8 
82.6 
84.8 
82.1 
82.3 
76.9 

7ai 

66.0 

7X9 
78.7 
77.7 
79.8 
83.1 
83.9 
86.2 
8^.9 
84.6 
8a7 
72.9 
71.8 

76.8 
75w8 
79.4 
81.6 
8:^,8 
84.6 
86.6 
84.7 
85.6 
82.5 
78.2 
74.2 

78.2 
77.4 
80.7 
82.8 
84.2 
84.8 
87.1 

83.6 
7&7 
76.0 

79.1 
78.6 
81.7 
83.6 
84.0 
84.9 
86.9 
86.3 
87.1 
84.6 
70l4 
76.8 

80l3 
70.0 
82.0 
83.7 
84.7 
85.2 
87.7 
86.8 
87.7 
8&5 
80L3 
78.6 

m4 

Fabroro 

7a4 

Mano 

73.6 

Abrll 

7Sk8 

Mavo 

79L6 

JUliJft .  .  T  T  r  ,  , 

80.7 

Julio 

8L9 

Agosto 

81.1 

Saptiaxnbx^ ,. 

8QL1 

Octubre... 

7\0 

Noviembre 

7L0 

Piclembra -- 

67.9 

Varaoo. 

65.8 
64.4 
60.1 
6&8 

67.7 
66.4 
7a6 
68.3 

oao 

7a7 
73.9 
6a6 

64.8 
76.4 
7&9 
64.6 

70.4 
8a4 
8T.1 
T0.7 

75.1 
82.3 
84.9 
7&0 

77.3 
83.3 
86.6 
7&3 

78.8 
83.9 
87.4 
79.4 

79.8 
84.1 
8S.8 
80.3 

80.0 
84.5 
87.4 
8LS 

7L6 

Otofto 

78.6 

Inviaitio..... 

8L4 

7L6 

Aflo.^ 

6n.o 

61.  A 

6^.9 

Oft.a 

71-2 

7«LI 

7(LS 

81-1 

8^1 

89^7 

8ft-A 

TftB 

] 

1 

ValareM  medioM  de  la  humedad  relativa  en  oentMmai,  IBOB-lOU, 


ICaaes. 

1906 

1907 

1906 

1909 

1910 

1911 

1912 

1913 

1914 

Iftaa. 

Enero 

71.8 
65.4 
66.9 
71.0 
76.4 
76.6 
80.6 
82.6 
77.4 
78.7 
68.3 
63.1 

67.7 
716 
80.2 
68.4 

65.0 
68.7 
77.4 
73.8 
76.7 
82.3 
83.7 
83.9 
81.6 
76.6 
68.5 
63.3 

7a4 
77.3 
83.1 
69.6 

71.2 
71.2 
714 
76.9 
83.0 
85.3 
81.9 
80.9 
80.7 
72.2 
7a8 
66.0 

72.3 
81.4 
81.6 
60.7 

72.6 
70.0 
63.6 
71.6 
68.8 
76.3 
82.0 
80.5 
83.1 
72.4 
71.2 
61.5 

"  68.7 
72.6 
81.8 
68.4 

73.2 
73.3 
76.2 
76.7 
714 
818 
83.0 
77.6 
78.8 
73.0 
65.2 
62.6 

712 
78.0 
79.8 
66.9 

63.3 
6a6 
69.9 
69.3 
81.4 
78.8 
816 
79.3 
80.3 
76.8 
77.2 
77.4 

67.3 
76.5 
81.4 
77.1 

78.7 
70.4 
75.1 
77.7 
82.1 
81.8 
80.5 
80.5 
73.2 
70.4 
7L9 

n.7 

73.0 
80.5 
78.1 
73.3 

63.9 
71.2 
78.6 
80.4 
81.8 
79.8 
82.1 
82.9 
812 
83.0 
76.4 
72.1 

71.2 
80.8 
83.1 
76.8 

79.0 
710 
81.6 
810 
88.8 
83.7 
87.6 
814 
8L6 
70.7 

7as 

73.1 

78.2 
85.1 
83.8 
714 

90i4 

Febraro 

Ifkt 

Mano 

73.6 

Abril 

716 

Mayo 

79.1 

Junto 

£7 

JuUo 

SkO 

Agosto 

813 

Septiembra 

MVl 

Octubre 

760 

Noviembre. 

fi.o 

Didambre. 

67.8 

Verano 

"lu 

Otoflo 

ms 

8L4 

7t.« 

l/f*iii* 

72.7 

75.0 

76.2 

72.9 

717 

75.6 

76.2 

77.9 

80.4 

78.7 
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PromedioM  de  la  velooidad  del  vienio  en  kMmetros  en  el  periodo  1906-19U. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

M.D. 

13 

Enero 

13.4 
13.2 
11.0 
12.5 
12.5 
13.7 
13.3 
16.1 
14.2 
13.4 
14.0 
14.0 

12.9 
13.0 
10.9 
12.6 
12.7 
13.4 
13.6 
16.9 
14.2 
13.1 
13.9 
13.8 

12.0 
12.4 
11.0 
12.6 
12.3 
13.1 
13.2 
15.6 
14.1 
13.1 
13.3 
13.6 

11.5 
12.1 

ia5 

12.2 
11.8 
13.1 
12.8 
15.6 
13.5 
13.1 
13.0 
13.3 

11.8 
12.0 
10.7 
12.3 
11.9 
13.1 
12.6 
16.6 
13.6 
12.9 
12.4 
13.1 

12.1 
11.9 
10.4 
12.8 
11.8 
13.1 
13.3 
16.3 
14.0 
13.0 
13.3 
14.3 

13.0 
12.2 

ia3 

12.6 
11.0 
12.3 
12.6 
14.7 
14.0 
13.9 
14.6 
16.2 

13.8 
13.4 

ia9 

12.6 
11.1 
11.9 
12.7 
16.7 
14.9 
16.1 
16.1 
16.1 

15.3 
16.9 
13.8 
14.3 
12.5 
13.3 
13.9 
17.1 
17.9 
17.9 
17.8 
17.9 

15.4 
16.3 
14,7 
16.4 
14.6 
14.6 
14.9 
18.9 
19.1 
18.9 
18.1 
18.1 

16.8 
16.3 
16.1 
17.3 
16.6 
16.0 
16.8 
19.6 
19.0 
19.2 

ia6 

l&l 

16.4 

17.0 

16.5/ 

18.1 

17,0 

17.1 

17.0 

20.3 

20:0 

19.6 

19.6 

18.7 

17.3 
17.8 
16.0 
17.9 
17.8 
17.8 
17.7 
20.8 
20.2 
19.8 
20.2 
19.5 

Febraro. 

Mftrjr....:: : ; 

Abril 

lUyo. 

Junio 

Julio 

Affosto 

8«ttombre 

Octubre 

Noviembre 

Biciembre 

V«rano 

12.5 
12.9 
14.6 
13.8 

12.3 
12.9 
14.6 
13.6 

11.8 
12.6 
14.3 
13.3 

11.4 
12.4 
14.1 
13.1 

11.6 
12.4 
13.9 
12L8 

11.5 
12.6 
14.5 
13.6 

11.8 
12.0 
13.8 
14.6 

12.7 
11.8 
14.4 
16.8 

15.0 
13.4 
16.3 
17.9 

16.6 
16.2 
17.6 
17.4 

16.7 
16.3 
18.1 
18.6 

16.3 
17.4 
19.1 
19.4 

17,0 
17.6 
19.6 
19.8 

OtoAo 

Invlerao 

Prima  vera. 

Aflo 

13.4 

13.  f» 

13.0 

12.7 

12.7 

13.0 

13.0 

13.7 

16.6 

16.7 

17.2 

18.0 

18.5 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Media 

Enero 

18.3 
18.4 
16.8 
18.3 
17.6 
17.6 
17.7 
30.4 
2a2 
20.1 
20.2 
20.0 

18.6 
18.7 
17.3 
17.9 
16.3 
16.4 
17.0 
20.2 
19.8 
19.8 
19.7 
20.0 

18.5 
19.3 
17.3 
16.8 
14.9 
15.0 
15.0 
18.6 

ia7 

1&8 
18.5 
19.5 

18.3 

ia8 

16.0 
14.7 
12.9 
13.2 
14.6 
18.1 
16.9 
18.4 
18.1 
16.7 

17.8 

lao 

16.2 
12.4 
11.6 
12.1 
12.7 
16.2 
16.0 
16.6 
16.6 
17.4 

16.8 
16.1 
13.1 
11.6 
11.1 
12.0 
12.5 
14.7 
14.6 
13.6 
13.1 
15.5 

13.8 
14.9 
12.3 
11.7 
11.4 
12.7 
18.1 
14.8 
14.5 
13.3 
12.6 
13.6 

13.6 
16.4 
12.6 
12.2 
12.1 
12.8 
13.1 
16.1 
14.7 
14.1 
13.3 
13.2 

13.2 
14.8 
11.6 
12.6 
12.1 
12.0 
13.2 
16.0 
14.4 
13.6 
13.1 
13.3 

13.0 
14.2 
11.4 
12.6 
12.3 
13.4 
13.3 
16.7 
14.4 
13.6 
13.2 
14.0 

13.4 
14.0 
11.3 
12.8 
12.6 
13.6 
13.9 
16.1 
14,8 
13.7 
13,6 
14.6 

14.8 

16  2 

Marw 

13.2 

Abril 

14  1 

Mayo 

13  2 

Junto 

13.9 

Julio 

14.1 

Aeosto 

16  0 

Setiembre 

16.1 

Octubre 

16  7 

Noviembre. 

15.6 

Pf^imnbr« . 

16.0 

Verano. 

17.8 
17.8 
19.4 

2ai 

18.2 
16.9 
19.0 
19.8 

18.4 
16.6 
17.6 
18.0 

17.7 
13.6 
16.6 
17.7 

17.0 
12.0 
14.6 
16.2 

15.0 
11.6 
13.9 
14.1 

13.7 
11.9 
14.1 
13.2 

13.8 
12.4 
14.4 
13.6 

13.2 
12.5 
14.4 
13.3 

12.9 
12.7 
14.6 
13.6 

12.9 
13.0 
14.9 
13.9 

14.4 

Otofio. 

13.7 

16.7 

Primavera ...^s..  m^. 

16.8 

Aflo. 

18.8 

18.5 

17.6 

16.4 

14.9 

13.0 

18.2 

13.6 

13.4 

13.4 

13.7 

14.9 

Velooidad  del  viento — Valarea  medios  menHiales,  eatacUmes  y  anuale$,  periodo 

1901-1914. 


-««. 

1901 

1902 

1003 

UXH 

1006 

1006 

1907 

1908 

1909 

1910 

1911 

1913 

1918 

1914 

Media. 

Enero 

3.5 
8.3 
2.5 
8.5 
2.0 
8.4 
3.1 
8.6 
3.5 
3.4 
2.8 
3.0 

3.8 
1.4 
2.2 
2.0 
2.4 
1.7 
2.7 
1.4 
8.0 
3.2 
2.7 
1.0 

8.3 
3.3 
1.9 
8.3 
18 
3.5 
2.3 
2.9 
2.3 
8.9 
8.3 
4.1 

3.5 
3.5 
2.5 
8.7 

3.7 
8.5 
3.5 
8.5 
3.5 
3.0 
6.5 
3.6 
2.8 
4.1 
3.1 
4.6 

To" 

3.0 
4.0 
8.9 

3.6 
3.4 
2.6 
8.1 
8.2 
2.6 
3.9 
4.3 
8.9 
6.0 
3.8 
4.3 

TT 
8.0 
8.7 
4.3 

8.6 
4.6 
8.6 
8.9 
8.2 
5.6 
4.9 
4.4 
5.4 
5.8 
5.8 
4.1 

4.5 
4.6 
8.8 
4.3 
3.7 
8.8 
4.4 
4.5 
4.5 
4.3 
4.2 
5.1 

8.9 
4.6 
8.5 
4.7 
8.9 
8.0 
3.8 
4.3 
4,4 
4.7 
4.8 
5.1 

4.0 
3.9 
4.0 
4.0 

4.0 
3.8 
3.0 
3.4 
8.9 
4.0 
8.7 
4.0 
5.8 
4.7 
5.5 
4.6 

TT 
8.8 
4.6 
4.9 

8.7 
4.3 
3.9 
8.8 
4.0 
4.3 
4.6 
4,4 
4.7 
8.9 
4.4 
5.4 

TT 
4.0 
4.6 
4.6 

5.8 
5.3 
8.0 
4.3 
4.1 
3.7 
4.3 
5.0 
3.4 
3.8 
3,6 
4.6 

TF 
4.0 
4,3 
4,0 

3.6 
4.1 
3.6 
2.7 
8.5 
2,9 
8.0 
4.9 
4.3 
3.9 
4.0 
4.1 

IT 

3.0 
4.4 
4.0 

3.9 
3.5 
8.1 
3.9 
3.5 
4,0 
8,8 
4.8 
4.1 
4.6 
3.6 
3.3 

T?" 
3.8 
4.2 
3.8 

8.9 
3.6 
8.6 
4,2 
3.1 
8.6 
3.5 
5.2 
4.4 
4.0 
4.2 
8.7 

8.7 
3.6 
4.4 

4.0 

3.7 

Jebrero 

Marso 

8,7 
8.3 

Abril 

8.0 

Mayo 

8.3 

Junio 

8.4 

Julio 

8.7 

Agoeto 

Septlembre 

Octubre 

4.1 
8.9 
4.1 

Noviembre..*.* 

8.9 

Diciembie 

4.0 

Venmo 

3.1 
3.2 
3.0 
3.4 

2.0 
2.0 
2.4 
3.3 

3.9  1  4.8 

8.5 

Otofio 

4.3 
4.9 
4.0 

8.9 
4.5 
4.5 

8.4 

Inviemo 

8.9 

Piimavenu 

4.0 

Aflo 

3.9 

3.1 

3.8 

8.4 

8.5 

4.5 

4.3 

4.3 

4.8 

4.3 

4.3 

8.7 

8.8 

8.0 

8.7 
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Lluvia  en  mm,  en  Montevideo — Periodo,  1901-1914* 


Hesos  7  estaoiones. 

Total 

medio 

mensual. 

NAmero 

medio  de 

dioscon 

Uuvla  de 

1  mill- 

metros 

mis. 

Nt!lmero 
medio  de 
dlAsoon 
lluvia 
infiorior 
al  mill. 
DMtro. 

Mayor 

cantidad 

en  el 

mes. 

Mayor 

cantidad 

enun 

dia. 

Mayor 

cantidad 

en  una 

hora. 
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tesoo- 

tabiesen 

cortado- 
racidD 
(poem 

nunijtos) 
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69.8 
6.7 
91.2 
118.4 
106.0 
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69.6 
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6.9 
5.1 
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6.3 
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6.1 
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1.1 

a9 

1.4 
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a9 

0.4 

a2 
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26S.0 
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H3.1 
243.0 
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181.5 
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2n.o 

76.1 
64.6 
129.3 
142.6 
16a  5 
96.9 
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84.3 
05.0 
64.6 
70.8 
W.3 
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82.7 
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1  65 
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1,008.2 
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16.8 
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69.9 
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1.5 
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271.0 
871.8 

129.3 
15a  6 
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FORECASTS  OF  RIVER  STAGES  AND  FLOODS  IN  THE  OHIO 
VALLEY;  THEIR  IMPORTANCE  TO  COMMERCE  AND  IN  CON- 
SERVING  UFE  AND  PROPERTY. 

By  W.  O.  DEVERBAUX, 
Local  Forecaster,  United  States  Weather  Bureau,  CinoUMkati,  Ohio. 

A  cycle  of  changes — Three  steps  in  the  fMtural  development  of  the  river  lore- 
casting  service — The  growth  and  extension  of  the  river  services  in  the  Ohio 
Valley— Physical  features  of  the  Ohio  Basin — Placing  the  river  and  rain 
gages — River  observations  and  reports — Forecasting  the  change  and  height 
of  the  rivers — Distribution  of  the  reports  and  forecasts — The  value  of  the 
river  forecasts  and  warnings  in  the  Ohio  Valley. 

The  cycle  of  changes  which  takes  place  from  the  time  the  drops  of  water 
leave  the  ocean  in  the  form  of  water  vapor  until  they  return  to  the  ocean 
through  the  rivers  may  be  divided  into  two  parts.  The  first  part  includes  that 
portion  of  the  cycle  beginning  with  the  evaporation  of  the  water  at  the  surface 
of  the  ocean,  and  ending  with  the  disposal  of  the  precipitation  on  the  surface 
of  the  earth.  The  second  part  includes  that  portion  l)eginning  with  the  move- 
ment of  the  water  on  the  surface  of  the  earth  and  ending  with  the  water 
passing  out  through  the  mouth  of  the  river  to  its  home  in  the  ocean.  The 
development  of  each  phase  of  the  cycle  proceeds  in  a  similar  way — ^from  the 
end  toward  the  beginning.  The  precipitation  was  first  measured,  then  knowl- 
edge was  obtained  of  the  laws  governing  the  movements  of  the  air,  which 
carries  the  water  vapor,  and  later  the  insolation,  which  causes  the  evaporation* 
was  studied.  The  river  service  first  establishes  river  gauges  on  the  large  rivers, 
then  on  the  tributaries,  and  later,  precipitation,  run-oif,  and  stream  flow  are 
<K>nsidered. 

There  are  at  least  three  well-defined  steps  in  the  development  and  growth 
of  the  river  and  flood  service  in  the  Ohio  Valley.  The  flrst  one  consists  In 
calculating  the  rate  of  rise  and  the  height  of  the  water  at  the  various  places 
along  the  river  after  the  height  has  been  measured  at  the  gauging  stations  in 
the  upper  portion  of  the  watershed.  To  do  this  it  is  necessary  to  receive  reports 
promptly  by  telegraph  or  telephone  from  the  upriver  stations,  to  know  the 
relationship  between  the  various  gauges  under  varying  conditions,  to  know  the 
time  of  the  water  travel  for  every  stage,  and  to  know  the  effects  of  the  tribu- 
taries, if  any.  The  length  of  time  in  advance  which  the  height  of  the  gauge 
can  be  forecast  for  any  particular  station  depends  on  the  distance  that  station 
may  be  below  the  gauging  stations  farthest  up  the  rivers.  At  stations  one  day 
water  travel  down  the  river  the  forecast  can  safety  be  made  for  one  day  in 
advance,  at  stations  two  days  water  travel  the  forecast  can  be  extended  to  two 
days,  etc  This  method  is  the  most  reliable  one,  and  shall  probably  always 
continue  as  the  principal  basis  on  which  definite  river  forecasts  are  made. 

The  second  step  in  the  development  of  the  river  service  is  reached  when  the 
tilghest  stage  of  the  river  can  be  forecast  as  soon  as  the  rain  has  fallen  over 
the  watershed.  This  includes  not  only  a  consideration  of  the  proportion  of  the 
rainfall  that  enters  the  streams,  but  also  a  knowledge  of  the  stream  flow  in 
the  tributaries,  as  both  of  these  factors  determine  the  stream  height  in  the 
lower  stretches  of  the  river.  The  rainfall  is  disposed  of  in  two  ways — by 
evaporation,  either  directly  or  through  vegetation,  and  by  run-oif,  the  water 
passing  over  the  surface  of  the  earth  or  through  the  soil  to  the  stream.  Neither 
the  nature  of  the  soil  nor  the  topography  of  the  drainage  basin  has  much 
Influence  on  the  annual  or  even  the  monthly  run-oif  of  a  river,  but  both  are 
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important  factors  In  determining  the  rate  of  run-oif  and  the  gage  height.  The 
relation  of  tlie  rainfall  to  mn-off  and  stream  hel^t  is  a  most  complicated 
problem,  as  the  modifying  conditions  are  numerous  and  the  relative  impor- 
tance of  each  varies  so  greatly  that  no  general  and  constant  relation  exists* 
but  in  each  specific  case  the  dominating  factors  can  be  quite  clearly  realized 
and  appreciated  even  if  the  results  can  not  be  determined  by  a  mathematical 
formula.  The  Weather  Bureau  at  the  present  time  is  giving  most  serious  con- 
sideration to  the  question  of  relationship  between  rainfall  and  run-off,  as  it  is 
in  this  field  that  the  development  of  the  river  service  lies.  Some  cities  are  so 
near  the  headwaters  of  the  rivers  that  a  rise  in  the  river  begins  to  affect  ttie 
localities  where  the  cities  are  located  almost  as  soon  as  the  wat^  can  be 
measured  in  the  river,  and  even  at  places  on  the  main  stream  it  is  necessary  f6r 
the  forecaster  to  know  as  far  in  advance  as  possible  the  appro3:imate  amount  of 
water  which  will  come  out  of  each  tributary  and  will  be  added  to  the  rise 
coming  from  above. 

The  third  step  In  the  development  of  the  river  service  will  be  reached  when 
the  forecaster  can  calculate  the  future  height  of  the  water  for  each  statioo 
in  his  district  as  soon  as  the  storm  appears  on  the  weather  map.  As  far  aa 
known  no  attempt  is  being  made  at  the  present  time  to  do  this,  and  as 
the  problems  are  numerous  and  very  complex  it  possibly  will  never  be  at- 
tempted, but  it  is  impossible  to  be  sure  of  what  the  future  may  hold.  How- 
ever, it  is  safe  to  say  that  the  principal  basis  for  river  forecasts  will  be  measur- 
ing the  stream  heights  and  making  certain  allowances  for  additional  run-off 
and  possibly  for  additional  rainfalL 

Before  the  river  and  flood  service  was  organized  in  the  early  seventies,  there 
were  only  a  few  gauges  on  the  Ohio  River  and  practically  none  on  the  tribu- 
taries. In  the  early  days  when  the  water  rose  in  the  upper  part  of  the  river 
the  newspaper  reporters  at  the  various  towns  or  the  agents  of  the  river  in- 
terests would  measure  the  height  the  river  rose  during  the  day  or  nig^t,  or 
the  height  It  was  above  some  well-known  marks  along  the  river,  and  telegraph 
this  information  to  places  farther  down  the  river.  Each  person  who  received 
the  Information  would  then  *' forecast"  the  probable  height  of  the  rlv^  for 
his  town,  and  there  were  nearly  as  many  different  estimates  as  there  wore 
persons  who  received  the  Information.  The  two  most  frequent  errors  under 
this  system  were,  first,  that  the  newspaper  reporter  would  report  a  greater  rise 
than  actually  occurred  In  order  to  make  a  "  story,**  and,  second,  the  river  m«i 
would  expect  as  great  a  rise  at  places  down  the  river  as  occurred  at  stations 
up  the  stream,  not  allowing  for  the  increased  size  of  the  river  and  the  spread- 
ing out  of  the  rise. 

When  the  river  and  flood  services  were  first  organized  in  the  Ohio  Valley 
the  only  work  attempted  was  the  forecasting  of  floods  for  the  cities  where  the 
district  centers  were  located.  Gauges  were  located  at  other  points  to  furnish 
the  Information  on  which  the  river  forecasts  were  made  for  the  district  center. 
Later,  forecasts  of  high  water  and  floods  were  made  for  all  the  large  places 
on  the  river,  and  especially  at  those  cities  where  gauges  were  located.  The 
service  has  been  gradually  extended  until  at  the  present  time  dally  forecasts 
of  the  river  stages  are  made  for  all  portions  of  the  navigable  rivers,  and  warn- 
ings of  high  water  and  floods  are  made  for  all  portions  of  all  the  rivers. 

With  the  exception  of  the  great  Mississippi  Basin  of  which  the  Ohio  is  a 
part,  the  drainage  area  of  the  Ohio  River  contains  within  its  borders  a  greats 
diversity  of  climate,  topography,  and  geology  than  is  found  in  any  other  basin 
in  the  United  States.  It  extends  from  near  the  shores  of  Lake  Erie  in  New 
York  State,  where  the  winters  are  often  quite  severe,  to  northern  Alabama 
and  within  800  miles  of  the  Gulf  of  Mexico.    The  average  annual  rainfall 
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ranges  from  85  inches  in  the  northern  portion  to  double  that  amount  along: 
the  southeastern  border.  Portions  of  the  valley  are  nearly  flat,  while  other 
portions  are  rough  and  mountainous.  The  slopes  of  the  principal  rivers  vary 
from  one-tenth  of  a  foot  a  mile  to  12  feet  or  more  a  mile.  The  rock  floor  of 
the  valley  at  places  is  more  than  100  feet  below  the  bed  of  the  river,  while  at 
other  places  the  water  runs  across  the  rock  shelves.  The  total  length  of  the- 
Ohlo  and  Allegheny  Rivers,  the  Allegheny  in  reality  being  the  upper  portion 
of  the  Ohio,  is  l,2d2  miles,  and  the  total  drainage  area  is  210,000  square  miles. 
The  Allegheny  rises  at  an  elevation  of  about  2,500  feet  above  sea  level  and  the- 
Ohio  empties  into  the  Mississippi  at  an  elevation  of  270  feet,  and  the  head- 
waters of  some  of  the  tributaries  are  more  than  5,000  feet  above  sea  level.  For-^ 
tunately  for  the  flood  conditions  the  rain  storms  move  up  the  valley,  and  a 
portion  of  the  flood  water  passes  down  the  river  ahead  of  the  flood  water  f rom^ 
the  upper  tributaries.  If  it  were  possible  for  a  heavy  rainstorm  to  move  slowly 
down  the  valley  at  about  the  rate  the  stream  flows,  the  accumulation  of  water 
in  the  lower  stretches  of  the  river  might  cause  a  greater  flood  than  has  ever 
occurred. 

The  proper  distribution  of  the  river  gauges  along  the  river  is  of  primary^ 
Importance  in  the  work  of  forecasting  the  river.  The  gauges  should  be  placed*, 
if  possible,  so  that  they  are  24, 12,  or  6  hours  stream  flow  apart  at  moderately 
high  stages  under  average  conditions;  that  is,  so  placed  that  it  takes  the 
water  24,  12,  or  6  hours  time  to  flow  from  one  station  to  the  next  Where- 
the  stream  flow  is  rapid — say  8  miles  an  hour,  as  in  the  mountain  districts — 
the  stations  should  be  about  6  hours'  flow  or  48  miles  apart.  Where  the  stream* 
flow  averages  4  miles  per  hour,  as  in  the  Ohio  River  through  the  Cincinnati 
district,  the  stations  should  be  12  hours  flow  or  about  48  miles  apart,  while 
farther  down  the  stream,  where  the  river  is  larger  and  the  flow  slower,  the 
stations  may  be  24  hours*  flow  apart  for  forecasting  purposes. 

It  is  also  important  to  have  the  river  gauge  located  near  the  telegraplb 
ofllce,  as  the  reports  must  be  promptly  transmitted  to  the  district  center  if  they 
are  to  be  used  in  making  the  river  forecasts.  At  least  one  gauge  on  each- 
tributary  should  be  located  as  far  up  the  stream  as  possible.  The  zero  of 
all  gauges  should  be  at  the  bottom  of  the  flowing  stream,  and  not  at  the 
bottom  of  the  river  If  there  happens  to  be  a  depression  in  the  river  bed  at 
the  point  where  the  gauge  is  located.  River  reports  needed  for  forecast 
work  differ  from  those  needed  in  hydraulic  engineering;  the  one  is  interested 
in  the  extremes,  the  other  in  averages.  The  river  forecaster  wishes  to  know 
the  highest  gauge  reading  and  the  largest  stream  flow  during  the  day,  while 
the  hydraulic  engineer  usually  desires  the  total  discharge  for  the  day  or  the 
average  for  the  month.  A  statement  giving  the  daily  or  annual  discharge  of 
a  river  is  of  very  little  value  to  the  forecaster.  The  high  water,  which  i» 
usually  the  waste  water  to  the  hydraulic  engineer,  is  the  all-important  factor 
to  the  river  forecaster.  For  these  reasons  the  forecaster  places  his  gauge^ 
if  there  is  only  one  on  the  tributary,  far  up  the  stream,  while  the  engineer 
places  his  In  the  lower  portion  of  the  river  or  near  its  mouth. 

Rain  gauges  should  be  located  at  all  river  stations,  and  at  other  favorable 
locations  throughout  the  basin,  to  obtain  as  much  information  as  possible 
of  the  rainfall  over  the  watershed.  More  gauges  are  needed  in  the  mountain 
region  than  in  the  level  country. 

At  all  of  the  principal  river  stations  in  the  Ohio  Valley  the  river  gauge» 
are  read  and  the  precipitation  measured  each  morning,  and  the  reports  are 
telegraphed  to  the  district  centers.  At  the  smaller  river  stations,  mostly 
on  the  tributaries,  the  reports  are  not  telegraphed  unless  the  river  is  risinsp 
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rapidly  or  the  rainfall  has  been  heavy.  These  reports  are  not  needed  for  fore- 
xiast  work  under  ordinary  conditions.  If  heavy  rain  falls,  or  the  river  riaes 
rapidly  at  any  station  after  the  morning  observations  are  made,  special 
-observations  are  taken  and  inmiediately  telegraphed  to  the  district  cent^', 
or  the  forecaster  may  call  for  special  observations  at  any  time  if  they  are 
needed  in  his  forecast  work. 

As  rapidly  as  the  reports  are  received  the  information  is  entered  on  a 
torm  which  contains  the  names  of  the  stations  arranged  according  to  their 
location  in  the  valley,  beginning  with  the  station  nearest  the  headwaters. 
The  form  has  blank  columns  for  entering  the  river  stage,  the  change  at  the 
time  of  observation,  the  amount  of  change  in  24  hours,  the  rainfall,  and  the 
state  of  weather.  The  river  reports  entered  on  a  bulletin  have  been  found 
more  convenient  for  rapid  forecast  work  than  when  entered  on  a  chart  The 
forecaster  must  know  in  advance  the  geographic  location  of  each  station  and 
the  distance  between  stations — information  shown  on  a  chart  and  not  shown 
in  a  bulletin.  In  addition  to  the  river  bulletins  hydrographs  of  the  daily  river 
stages  are  sometimes  prepared. 

As  a  basis  for  making  the  forecasts  of  the  gauge  heights  and  changes  along 
the  Ohio  River,  certain  stations  favorably  located  are  used  as  index  stations. 
For  example,  along  the  middle  portion  of  the  Ohio  River  the  index  stations  are 
Parkersburg,  Point  Pleasant,  Portsmouth,  and  Cincinnati.  Under  normal  con- 
ditions at  stages  between  80  and  40  feet  about  two-thirds  of  the  rise  or  fall  at 
the  upper  station  will  show  at  the  next  station  in  24  hours.  This  time  interval 
Increases  at  the  lower  stages  and  decreases  at  higher  stages.  Many  other  factors 
must  also  be  considered  in  making  the  forecasts.  If  the  gauge  at  the  upper 
atation  is  considerably  higher  than  at  the  lower  station,  both  the  rate  and 
amount  of  rise  will  be  increased  at  the  lower  station,  and  the  amount  of  water 
coming  out  of  the  tributaries  may  greatly  change  the  rate  of  rise.  It  is  very 
important  for  the  forecaster  to  fully  understand  the  significance  of  each  gauge 
height  on  the  tributaries.  Because  of  the  difference  in  slope,  the  width  of  the 
rivers,  and  other  physical  features,  the  gauge  height  at  one  place  has  an  en- 
tirely different  meaning  than  the  same  gauge  height  has  at  another  place. 
Where  the  river  is  broad  or  the  slope  steep  a  rise  of  a  few  feet  on  the  gauge 
represents  a  large  increase  in  the  amount  of  water  that  is  being  carried  into 
the  main  stream,  while  the  same  rise  in  a  sluggish  stream  where  the  channel 
Is  narrow  would  hardly  be  noticed  in  the  main  stream.  Even  on  the  same 
stream  conditions  often  vary  greatly  at  the  different  gauges.  According  to 
measurements  made  by  the  United  States  Geological  Survey  in  1909  when  the 
gauge  read  4.36  feet  at  Radford,  Va.,  on  the  New  River,  on  June  22,  and  the 
width  of  the  river  was  547  feet,  the  discharge  was  4,050  second-feet,  while 
farther  down  the  river  at  Fayette,  W.  Va.,  on  June  26,  when  the  gauge  read 
4.24  feet  and  the  width  of  the  river  was  only  207  feet,  the  discharge  was  6,820 
second-feet,  or  70  per  cent  greater  than  at  Radford,  where  the  gauge  was  prac- 
tically the  same  height  and  the  river  much  wider.  The  greater  volume  of 
water  passing  Fayette  was  due  to  the  increased  velocity  of  the  stream.  Even 
at  the  same  station  the  discharge  Is  not  uniform  as  it  Is  greater  when  the  river 
Is  rising  than  when  falling  at  similar  readings,  as  the  river  slope  Is  greater. 

In  making  allowance  for  the  effect  of  the  tributaries  on  the  height  of  the 
water  in  the  Ohio  River  careful  consideration  must  be  given  to  the  season  of 
the  year,  the  condition  of  the  soil  over  the  watershed,  and  the  present  height  of 
the  Ohio  River.  During  the  winter  and  spring  months  a  certain  amount  of  rain- 
fall will  cause  a  much  greater  run-off  than  the  same  amount  of  rainfall  would 
during  the  sunmier  months,  also  the  run-off  is  considerably  greater  from  a  wet 
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soil  than  from  a  dry  soil.  A  decided  rise  in  a  tributary  will  have  comparatively 
little  effect  on  a  high  stage  in  the  Ohio,  but  a  similar  rise  will  have  considerable 
effect  on  a  low  stage. 

Forecasting  the  river  stages  is  not  a  problem  in  dynamics  to  be  solved  theo- 
retically, because  the  important  factors  are  many  and  conditions  are  never 
twice  the  same.  Even  if  it  were  possible  to  solve  all  of  these  factors  by 
mathematical  equations  the  forecaster  has  neither  the  time  nor  the  opportunity 
to  do  this  work,  as  it  must  be  done  quickly.  The  river  forecaster,  like  the 
weather  forecaster,  must  know  his  subject  thoroughly,  and  be  able  to  fully 
appreciate  the  importance  of  each  controlling  factor  not  as  a  separate  unit, 
but  as  a  part  of  the  whole. 

The  ultimate  value  of  all  forecasts  depends  not  only  on  the  accuracy  of  the 
forecast  but  also  on  the  effective  distribution  of  the  information.  As  soon  as 
the  river  forecasts  are  completed  the  river  bulletins  are  printed,  either  as  a 
separate  bulletin  or  as  a  part  of  the  weather  map,  and  distributed  by  mail  to  all 
river  interests.  These  bulletins  are  delivered  about  11  a.  m.  in  the  cities 
where  the  district  centers  are  located,  and  early  in  the  afternoon  in  outside 
places.  The  bulletins  and  forecasts  are  also  telegraphed  to  other  cities,  where 
they  are  posted  and  are  published  in  the  afternoon  papers  for  the  benefit  of 
the  public 

Flood  warnings  are  given  the  fullest  possible  distribution.  Besides  being 
distributed  in  bulletin  form  and  through  the  daily  press,  a  list  is  maintained  in 
the  Cincinnati  office,  giving  the  name  and  tel^hone  number  of  every  business 
firm  in  the  flood  zone,  and  each  firm  is  advised  by  telephone  of  the  approach  of 
the  flood,  the  rate  of  rise,  and  the  probable  height  each  day  during  the  next 
three  days.  The  city  policemen  on  duty  in  the  high-water  zone  are  given  copies 
of  the  warning,  and  it  is  made  a  part  of  their  duty  to  call  at  each  house  and 
advise  the  occupants  of  the  coming  flood.  In  each  city,  town,  and  village  out- 
sid0  of  Cincinnati  there  Is  a  flood-warning  distributor,  whose  duty  it  is  to  dis- 
tribute the  flood  warnings  to  every  person  who  lives  in  or  has  property  in  the 
high-water  zone  in  that  town  and  the  adjoining  country. 

No  attempt  will  be  made  to  compile  statistics  showing  the  number  of  lives 
saved  or  the  money  value  of  the  property  protected  by  the  flood  warnings.  As 
a  rule,  not  many  lives  are  greatly  endangered  by  the  floods  in  the  Ohio  Valley. 
The  great  flood  in  the  Miami  Valley  in  1918  was  one  of  the  exceptions.  It  is 
sometimes  difficult  to  get  people  to  heed  the  flood  warnings  and  leave  the  en- 
dangered district,  and  at  times  city  authorities  have  found  it  necessary  to 
compel  a  few  people  to  move  to  a  place  of  safety.  The  business  man,  as  a 
rule,  promptly  begins  to  move  or  protect  his  property  upon  receipt  of  a  flood 
warning.  This  property  is  of  every  sort  and  description.  A  large  amount  of 
floating  property  on  the  river,  such  as  boats  of  every  description,  barges,  rafts, 
etc.,  must  be  protected ;  merchandise  of  every  description  in  stores,  depots,  and 
warehouses  must  be  moved ;  heavy  machinery  in  factories  and  foundries  must  be 
raised,  and  furniture  in  offices  and  residences  must  be  moved.  Traffic  on  the 
railroad  and  street  car  lines  is  suspended,  as  the  water  rises  over  the  tracks; 
telegraph  or  telephone  offices  are  moved  or  closed,  and  the  whole  life  along  the 
river  is  disorganized  during  a  big  flood.  The  river  forecaster  tells  all  of  these 
numerous  business  interests  when  and  how  far  to  move  their  property. 

Then  comes  the  period  of  waiting  while  the  water  is  at  Its  highest  stage, 
and  then  the  slow  return  of  the  river  to  its  banks.  The  forecasts  of  the  falling 
river  are  watched  nearly  as  closely  as  those  of  the  rising  river,  as  the  business 
man  Is  anxious  to  move  back,  dean  up,  and  open  his  store  or  factory  again. 
The  river  forecaster's  office  is  a  very  busy  place  during  the  time  of  a  flood  In 
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the  Ohio  River.  Daring  two  days  of  the  flood  of  1913  over  10,000  teI^>hoiie  re- 
quests for  river  and  weather  information  were  answered  in  the  Cindnnati  office* 
about  1,000  of  these  being  long-distance  calls,  and  this  was  only  a  compara- 
tively small  portion  of  the  work  done  there. 

Of  second  importance  only  to  the  flood  warnings  are  the  daily  river  forecasts 
when  the  river  is  at  a  comparatively  low  stage.  The  entire  Ohio  River  and  por- 
tions of  several  of  the  tributaries  are  navigable,  and  many  boats  are  con- 
stantly passing  up  and  down  the  rivers.  The  changes  in  the  height  of  the 
water,  especially  at  low  stages,  determine  to  a  large  extent  the  movement  of 
many  of  these  boats.  Large  fleets  of  loaded  coal  barges  are  collected  In  the 
Kanawha  pools  during  periods  of  low  water  and  sent  down  the  Ohio  on  the  first 
rise.  It  is  necessary  for  the  coal  companies  to  know  in  advance  when  the  rise  is 
coming  so  as  to  have  the  fleets  ready  to  go  out  on  the  rise,  as  tomorrow  is  fre- 
quently too  late.  In  the  lumbering  districts  on  the  tributaries  the  lumbermen 
must  be  advised  of  the  coming  freshets  so  as  to  be  ready  to  bring  their  logs 
down  the  river  during  a  favorable  rise. 

In  order  to  maintain  a  9-foot  stage  of  water  during  the  low-water  season  a 
system  of  53  movable  dams  has  been  adc^ted  for  the  Ohio  River.  Sixteen  of 
the  dams  are  now  completed  and  in  operation,  and  18  others  are  unda*  construc- 
tion at  the  present  time.  There  are  also  94  movable  dams  and  locks  on  the 
tributaries.  The  intelligent  operation  of  these  dams  requires  the  greatest  possi- 
ble refinement  in  forecasting  the  daily  changes  in  the  fiow  of  the  water.  When 
the  dams  are  down  and  the  river  is  falling  and  will  continue  falling  for  several 
days,  the  lock  master  at  each  dam  must  begin  at  Just  the  right  time  to  raise 
the  wickets,  and  he  must  raise  them  at  Just  the  right  rate  so  as  to  fill  the  pool 
with  water,  but  without  causing  such  a  low  stage  of  water  below  the  dam  that 
navigation  will  be  interfered  with  or  stopped.  If  the  river  is  going  to  st(^ 
falling*and  begin  to  rise  before  a  9-foot  stage  is  reached,  the  wickets  should  not 
be  put  up,  as  a  sudden  rise  would  flood  the  dam,  in  which  case  the  wickets  could 
not  be  lowered ;  while,  on  the  other  hand,  if  the  river  is  allowed  to  fall  nearly 
to  the  9-foot  stage  before  the  wickets  are  raised,  it  is  impossible  to  flll  the  pool 
and  at  the  same  time  maintain  a  9-foot  stage  below  the  dam.  When  the  dams 
are  up  and  a  rise  is  coming  down  the  river,  the  lock  master  must  be  advised  pf 
the  approach  of  this  rise  and  the  amount  of  the  same.  If  the  rise  is  small 
and  does  not  exceed  the  12-foot  stage,  the  bear  traps  are  opened  or  a  tew  of 
the  wickets  are  lowered  to  let  the  rise  pass,  but  if  the  rise  will  exceed  the  12-foot 
stage  all  of  the  dam  must  be  lowered.  If  the  dam  is  flooded  before  all  of  the 
wickets  are  lowered,  they  stick  up  in  the  bottom  of  the  river  and  form  a  most 
serious  obstruction  to  navigation.  As  the  changes  at  the  dams  control  to  a 
certain  extent  the  stream  flow,  it  is  necessary  for  the  forecaster  to  be  advised 
of  these  changes  before  they  are  made  so  as  to  make  allowance  in  his  forecasts 
for  the  change  in  the  amount  of  water  flo\ving  in  the  stream.  As  it  often  requires 
a  day  or  more  time  to  raise  the  wickets  at  a  dam  and  several  hours  to  lower 
them,  and  as  these  changes  should  be  made  when  the  river  stage  is  between  9 
and  12  feet,  the  river  forecasts  are  of  the  utmost  Importance  in  the  effective 
operation  of  the  dams.  At  the  dams  under  construction  the  low-water  river  fore- 
casts are  of  great  importance. 

These  are  a  few  of  the  more  important  phases  of  the  river  and  flood  service 
of  the  United  States  Weather  Bureau  in  the  Ohio  Valley. 


A8TB0N0MY,  METEOBOLOOY,  AND  SEISMOLOGY.  881 

TESIS  SOBRE  METEOROLOGIA  AGRfCOLA. 

Por  LUIS  G.  TUFlfiO, 
Director  del  Ohhervatorio  Astrondmico  y  Meteoroldgico  de  Quito. 

Las  varlaclones  de  los  dlferentes  elementos  atmosf^ricos,  en  cada  pafs,  no 
flon  las  mismas,  dependen  de  los  lugares  en  que  se  las  observa.  Oierto  que, 
«egtin  el  relieve  de  los  terrltorios,  tales  varfaciones  pueden  extenderse  a  clentos 
de  kiI6metro6  cuadrados  de  superficle;  pero  la  clencia  ha  ya  resuelto  toda 
diflcultad,  estableclendo,  de  preferencla,  estaclones  meteorol6gicas  en  los 
lugares  que  se  prestan  a  la  agrlcultura. 

Nadie  duda  que,  de  Ins  varlaclones  de  la  temperatura  del  aire,  de  la  humedad, 
<le  la  presl6n  atmosf^rlca,  de  la  lluvia,  etc.,  y  de  las  relaclones  de  dichot 
elementos  entre  s(,  dependen  los  Intereses  agrfcolas  de  una  naci6n,  por  la 
Influencia  dlrecta  de  la  lluvia,  la  presl6n  atmosf^rica,  la  humedad  y  la  tem- 
peratura tlenen  sobre  el  desarrollo  de  los  vegetales. 

La  vlda  ffsica  del  elemento  s6Udo  es  Inseparable  de  la  del  elemento  Hquldo, 
asf  como  tambi^n  de  la  vlda  de  la  atm6sfera;  pues,  de  lo  contrario,  en  la 
superficle  llbre  de  los  terrltorios,  la  que  podrfa  llamarse  zona  de  contacto,  no 
se  manlfestarfan  JamAs  los  fen6menos  de  penetracl6n  y  reacci6n  recfprocas 
de  dichos  elementos.  Por  esto  que  toda  vlda  orgdnica  presupone  necesarlamente 
complejidad  de  vlda  entre  los  elementos  s611do,  Uquldo  y  atmosWrico;  y  por 
ello  tambi^n  las  geograffas  ffsica  y  blol6glca  son  Inseparables  entre  sf.  Sabido 
es  que  no  hay  vegetaci^n  sin  la  penetracl6n  constante  del  agua  y  del  aire  en 
las  capas  terrestres  y  que  no  se  conclbe  vlda  en  los  mares  sin  las  sales  y  los 
gases  disueltos  en  el  agua. 

SI  sobre  estas  cuestlones  la  clencia  ha  emitldo  un  fallo  favorable,  no  hay 
necesidad  de  poner  en  evidencia  cada  uno  de  los  puntos  que  preceden.  FundAn- 
donos  mds  bien  en  esto,  nos  es  honroso  presentar  a  la  consIderacl6n  del  Segundo 
CJongreso  Cientfflco  Pan-Americano  de  Washington,  un  estudio  sobre  la  Iriipor- 
tancia  de  la  meteorologia  agricola  y  la  necesidad  de  organizar  tin  scrvicio 
telegrdflco,  relacUmado  con  el  tiempo,  para  que,  aprobado  que  fuere  por  el 
Oongreso,  ^te  mlsmo  se  sirva  encarecer  a  todos  los  (5oblernos  el  establecimiento 
de  tantas  estaclones  meteorol6glcas  cuantos  sean  los  lugares  en  que  los  intereses 
agrfcolas  lo  demanden. 

ReseQando  cada  uno  de  los  elementos  atmosf^rlcos  tocante  a  su  influencla 
•dlrecta  sobre  las  plantas,  se  vendrd  en  conoclmlento  del  m^todo  que  debe 
seguirse  en  las  comunlcaclones  telegrdflcas.  De  este  modo  la  clencia  se  en- 
•cargard  del  estudio  de  los  resultados  recogidos  en  las  estaclones,  para  ofrecerlos 
luego  a  la  agrlcultura. 

CHma, — ^Hemos  de  conslderar  el  cllma  bajo  dos  puntos  de  vista: 

1*  Por  cuanto  slrve  para  determinar  el  estado  medio  de  la  atm6sfera  en  un 
punto  de  la  superficle  terrestre ;  y 

2*  Porque  se  trata  de  un  conjunto  de  fen6menos  que  se  relaclonnn  entre  sL* 

El  campo  Imenso  que  se  abre  a  la  observacl6n  de  la  naturaleza  con  el  estudio 
-de  cada  uno  de  los  elementos,  como  son  temperatura,  vlento,  humedad,  lluvia, 
se  halla  sin  embargo  circunscrlto  por  leyes  ffsicas  experimentales  que  establecen 
<;orrelaciones  tan  fntimas  entre  los  factores  del  dima,  que  dan  a  cada  pafs  su 
fisonomfa  propia,  por  lo  varlado  de  la  vegetacl6n  y  por  lo  desarrollado  de  ella 
en  unos  lugares  mds  que  en  otros.  La  agrupacl6n  de  los  fen6menos  cllmdticos 
cae  baJo  el  dominio  de  la  geograffa  regional,  y  estrlba,  por  lo  mlsmo,  en  el 
estudio  de  la  ciencia  de  los  fendmenos  fisicos,  que  maniflestan  la  actividad  super- 

^Hawn  (8).    Handbach  der  Kllmalologle. 
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flcial  del  globo,  contidemdot  bajo  el  putUo  de  vUta  de  $u  estenMn  y  de  turn 
reaccUmes  redprocas}  S61o  asf  podremos  comprender  la  extension  que  se  ha 
dado  a  la  geografia  fitica,  la  que  se  concreta  a  estndiar,  no  un  mundo  abstractor 
ilno  una  superficie  vlviente ;  no  las  eventualidades  que  traspasan  los  Ifmites  de 
la  raz6n,  sino  lo  que  realmente  acontece  y  lo  que  constituye  esa  especie  de  vlda 
fisica  en  la  superficie  del  globo  terrestre.' 

La  circulaci6n  del  agua  en  la  atm6sfera,  manifestada  por  las  nubes,  t^npes- 
tades,  nieve,  rocfo,  etc,  tlene  por  causa  la  eyaporacl6n  de  las  masas  Hquidas. 
A  estoa  contrastes  de  la  naturaleza  se  unen  otros  no  menos  sorprendentes,  como 
las  variaciones  de  la  temperatura  del  agua ;  y  todo  ^to,  en  una  capa  de  aire 
cuyo  espesor  m&ximo  es  4,000  metros. 

Ck>mo  el  relieve  terrestre  presenta  sus  desigualdades,  las  condiciones  flsicos 
de  la  atmdsfera  tienen  tambi^n  que  ser  variables.  Por  esto  es  que  los  cambios 
periOdicos  tanto  de  la  temperatura  como  de  las  lluvias  y  de  los  yientos  se 
determinan  por  las  reacciones  de  la  hldr6sfera  y  de  la  lit6sfera ;  con  dependenda 
de  los  oc^anos,  la  dlstribuci6n  de  las  zonas  hdmedas ;  y  de  la  mayor  altura,  la 
rapldez  y  regularidad  de  los  movimientos  atmosf^ricos.  En  las  desigualdades 
de  la  superficie  terrestre  se  f  unda,  pues,  la  vida  f  (sica  de  la  que  nos  proponemos 
tratar;  por  tanto,  las  propiedades  diferentes  de  la  hidr6sfera  y  littefera,  pro- 
piedades  que  se  manifiestan  en  todos  los  fen6menos  de  la  vida  terrestre,  serto 
los  medios  con  que  manifestaremos  las  correlaciones  entre  la  vida  atmosf^rica 
y  la  vegetativa. 

Tran$fortnacione9  9uperfloiaXe%. — ^La  influencia  de  la  repartici6n  desigual  de 
las  tierras  y  de  los  mares  sobre  la  vida  de  la  atmOsfera  es  tal,  que  en  los 
estudios  de  climatologfa  y  meteorologfa,  debemos  hallar  relaciones  tan  fntimas 
como  las  que  se  dan  entre  la  geologfa  y  la  morf ologfa  terrestre. 

En  las  transformaciones  superficiales,  por  las  fuerzas  extemas,  e8t&  demos- 
trado  que  intervienen  los  movimientos  de  la  atmdsfera  y  de  la  hidr6sfera,  coma 
fuentes  de  energfa,  estableci^ndose  entre  los  elementos  de  la  zona  de  ooniacto 
cierta  lucha,  debldo  a  la  combInaci6n  de  unos  elementos  con  otros.  La  con- 
tinuidad  con  que  operan  la  atmOsfera  y  la  hidr6sfera  se  ve  por  las  relaciones 
establecidas  entre  la  ffsica  y  la  biologfa.  Nada  diremos,  por  consiguiente,  de 
las  causas  inmediatas  de  la  influencia  de  los  elementos  atmosf^icos  entre  s(; 
y  s61o  nos  concretaremos  en  este  capftulo  a  explicar  la  importancia  de  algunoa 
de  ellos  por  lo  que  se  reflere  a  la  meteorologfa  agrfcola. 

La  atm6sfera  es  una  pantalla  que  nos  evita  las  extremas  temperaturas,  por  la 
disminuci6n  de  la  acci6n  directa  de  los  rayos  del  sol  durante  el  dfa,  y  por  la 
conseryaci6n  del  calor  necesario  durante  la  noche ;  y  en  esta  inmensa  pantalla 
en  que  el  globo  se  halla  sumergido,  hay  un  elemento  que  ofrece  m&s  variabilidad 
o  propiedades  complejas,  cual  es  el  vapor  de  agua. 

Vapor  de  agua. — ^La  mayor  a  menor  abundancia  del  vapor  de  agua  en  el  airei 
da  origen  a  fen6menos  variadfsimos  en  la  superficie  terrestre;  porque  lo» 
meteoros  higrom^tricos  o  acuosos  caracterlzan  el  desarrollo  de  los  seres  organi- 
zados,  tanto  en  la  vegetaci6n  como  en  la  vida  y  crecim  lento  de  los  animales. 
Sin  los  hidrometeoros  ^en  qu^  se  convertiria  la  superficie  del  globo? 

P^^  esto  es  que  el  aire  que  contiene  siempre  cierta  cantidad  de  vapor  de  agua, 

casts  are^^  ^^  papel  mds  importante  en  el  proceso  de  la  vida.    Las  causas  de  la 

These  ^  ^^  ^^^  vapor  en  el  aire  sabemos  que  todas  se  radican  en  una  sola,  la 

of  the  Unf^'  cuyos  manantiales  son  tan  abundantes,  como  son :  los  mares,  los 

\chuelos  en  los  continentes.    No  podemos  negar  por  lo  que  precede,  que 

>d  no  sea  la  fuente  de  toda  manifestaddn  de  vida,  no  86lo  en  los  vege- 

nimales,  sino  tambi^n  en  los  seres  inorg&nicos;  y,  adem&s,  que  no  sea 

>  B.  de  Hartonne.    CMographie  Pbydqne. 
--"^  *  Hamboldt  y  Beclu. 


ASTBOKOMT,  METEOBOLOOY,  AND  8EIBM0L00Y.  833 

el  factor  m&s  imi>ortante  en  la  Ignaldad  de  lo8  dimas.  Erto  por  ana  parte ;  por 
otra,  se  tiene  por  averiguado  que  la  humedad  atmoaf^rica  infloye  tambito  hasta 
en  la  forma  externa  de  los  vegetales  y  en  la  manera  de  su  propagaddn ;  podrfa 
decirse  que  alll  donde  la  humedad  desaparece,  la  muerte  hace  su  agoato. 

La  humedad  unida  al  calor  es  condlci6n  Indispensable  para  el  desarroUo  y 
credmiento  de  la  mayor  parte  de  los  vegetales,  y  en  esto  consiste  la  linica 
raz6n  del  estudio  de  las  varladones  t^rmicas,  a  fin  de  que  los  cuerpos  todos  no 
sufran  ccinsecuendas  desastrosas  en  su  organlsmo,  en  regiones  donde  didias 
yariadones  apenas  sean  sensibles. 

Las  plantas  no  pueden  subsistir  sin  el  elemento  de  la  humedad;  pues  las. 
diferentes  fundones  de  la  vida  vegetativa  asl  lo  requiere,  puesto  que  la  hume* 
dad  favorece  el  desarollo  del  aparato  vegetivo.  Las  plantas  xer6fi1as  y  las. 
higrdfllas  son  testimonio  evidente  de  la  transformad6n  parcial,  segdn  la  mayor 
o  menor  abundancia  de  agua,  por  la  experienda  diaria  del  bot&nlco,  quien  no 
s61o  reconoce  que  dichas  modificadones  se  operan  sobre  las  formas  exteriorea, 
de  dichas  plantas,  sino  tambi^n  sobre  la  naturaleza  histol6gica  de  sus  tejidos. 
Si  en  esta  clase  de  plantas,  la  humedad  que  es  uno  de  los  elementos  que  estudia 
la  meteorologfa,  interviene  t&nto,  qu6  diremos  de  las  que  son  acuHticas?  Ck>n- 
siderando  la  vida  de  las  plantas  ai  aire  libre,  demasiada  extensi6n  dariamos  a 
este  estudio,  si  todos,  cual  m&s  cual  menos,  no  supi^ramos  el  modo  c6mo  ellas 
se  desarrollan  y  los  diversos  aspectos  que  toman,  segtin  el  grado  de  humedad  a 
que  se  las  sujeta.  Pero  este  grado  de  humedad  debemos  encontrarlo  al  estudiar 
las  condidones  dimatdricas  de  las  regiones,  attn  desde  el  punto  de  vista  fisiol6gica 
y  fisico. 

Infiiiencia  del  tuelo, — ^La  acd<)n  fisiol6gica  de  los  suelos  se  conoce  por 
las  propiedades  ffsicas  y  qufmicas  de  estos.  No  queremos  abordar  los 
problemas  que  hoy  se  discuten  con  el  nombre  de  pedologia^  porque  el  renom- 
brado  agr6nomo  Hilgard'  nos  tiene  manifestado  m&s  de  lo  que  dese&remos. 
en  este  sentido;  sin  embargo,  si  tomamos  en  cuenta  la  cohesion,  la  perme- 
abilidad  del  agua  y  del  aire,  la  capilaridad  y  la  capaddad  de  absord6n  del 
agua,  unidas  estas  propiedades  ffsicas  a  los  elementos  minerales  necesarios 
para  que  la  mayor  parte  de  las  plantas  se  desarrolle  en  condidones  favorables 
de  humedad  y  temperatura,  basta  para  demostrar  con  esto  la  importancia  del 
dima  como  factor  en  la  formad6n  de  los  suelos,  y  por  consiguiente,  en  el  desa- 
rroUo de  las  plantas  que  6stos  pueden  produdr. 

En  efecto,  las  variaciones  de  la  temperatura  y  de  la  humedad  son  dos  de  los 
elementos  dimat^ricos  que  nos  sacan  de  dudas.  En  las  regiones  frlas  sabemos 
que  la  descomposid6n  qulmica  no  es  tan  activa  como  la  disgregaci6n  mec&nica, 
favorecida  por  las  humedades;  en  las  calientes,  dicha  descomposiddn  siendo 
mfts  r&pida,  los  suelos  para  la  agricultura  son  mfls  profundos,  como  sucede  en 
los  palses  tropicales.  Esto  por  lo  que  se  refiere  a  la  temperatura ;  en  cuanto  a 
la  humedad,  es  innegable  que,  cualquiera  que  sea  la  forma  con  que  se  mani- 
fleste  en  la  superficie  del  globo,  influye  en  la  formaci6n  de  los  suelos.  Debido 
a  esta  causa,  la  descomposici6n  qulmica  es  activa  en  los  climas  hiimedos. 

Cuanto  a  las  lluvias,  podemos  considerarlas  asf:  la  abundancia  de  ellas 
permite  el  arrastre  de  las  sales  solubles  necesarias  para  la  vida  de  las  plantas ; 
y  segdn  como  elias  est^n  distribufdas,  el  contraste  entre  suelos  de  regiones 
secas  y  hiUnedas  es  tambi^n  ostensible.    Es  cierto  que  la  acumulad6n  de  sales 

>  V^ase  Wolnys,  Forschnngen  aaf  dem  Geblete  der  AgrlknltnrphyBlk.  Aniudet  agrono- 
miqiiM  (Praneia) ;  GeoL  Surrey  (BL  U.  A.) ;  La  FMoiogla  (Rnsla). 

*  Soils,  their  formation,  properties,  eompositioii,  and  relations  to  dlmate  and  plant 
growth  in  the  humid  and  arid  regions.    London,  1906. 
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•en  suelos  de  reglones  secas  es  perjudicfal  a  la  vegetacidn  por  el  exceso  de  las 
lluvias ;  pero  tambl^n  es  cierto  que  la  humedad  favorece  la  forinaci6n  del  homuSy 
sobre  todo,  cuando  coincide  con  el  frfo.  De  aquf  que  el  humips  no  se  considera 
como  una  causa  de  la  fertilidad,  sino  como  una  consecuencia  de  ^ta,  puesta 
•en  obra  por  la  vegetaci6n. 

Prevlos  estos  antecetlentes,  ya  se  podrfa  aseverar  en  este  punto  la  impor- 
tancia  del  estudio  de  ciertos  elementos  climat^rlcos,  entre  otros,  las  corrientes 
4itmosf4ricas,  la  teinperatura  y  la  humedad  en  cualquiera  de  sus  manlfesta- 
<!iones;  pero  nos  es  forzoso  seflalar  otros  puntos  mAs,  relatlvos  a  la  asociacl6n 
■de  los  vejjetales,  a  fin  de  acumular  mils  datos  en  favor  de  nuestra  tests. 

Atociacidn  de  lo$  vegeiales. — ^Del  estudio  de  la  botdnica  se  deduce  lo 
que  sigue:  que  el  principio  de  la  asociaci6n  de  los  vegetales  no  es  por  una 
afinidad  slstemdtlca  sino  por  una  afinidad  flsloI<)gica ;  y  que  las  plantas 
asociadas  son  aquellas  que  se  acomodan  al  mlsmo  medio  ambiente  y  a  las  mismas 
condiciones  de  humedad,  de  calor  y  de  luz.  En  esto  se  fund6  Humboldt  para 
hncer  una  clasificaci6n  mds  bien  flsion6mica  que  sistemdtica  de  los  vegetales. 

La  presi6n  del  aire  contribuye  a  la  mayor  robustez  y  fuerza  de  los  tallos 
y  troncos  de  los  vegetales,  e  influye  tambi^n  en  las  formas  orgdnicas  que  se 
hallnn  sujetas  al  suelo.  La  velocidad  y  direcci6n  de  los  vlentos  son  dos  cosas 
-que  el  agr6nomo  debe  saber,  tanto  mds  cuanto  que  las  corrientes  amosf^ricas 
son  las  que  determinan  o  no  la  prosperidad  de  desarrollo  de  los  vegetales. 

Consideremos  ahora  mds  en  detalle  la  influencia  de  la  humedad  en  la 
forma  externa  de  muchas  plantas  para  hacer  resaltar  mejor  el  principio  de 
nsociaci6n  de  ellas,  sin  olvidar  la  acci6n  del  calor  en  el  proceso  vital  de  la  flora 
•en  los  diversos  pafses. 

En  la  floraci6n  de  un  vegetal  no  se  atribuye  exclusivamente  el  fen6meno 
blol6gIco  a  la  acci6n  del  calor,  nl  debemos  comparar  los  llmites  florestales, 
por  las  Uneas  isotermas;  pues  hay  regiones  extensfsimas  que  se  hallan 
desprovistas  de  plantas  por  la  falta  de  humedad.  Nada  diremos  de  la  manera 
<:6mo  algunos  vegetales  disminuyen  la  evaporaci6n  en  tlempo  de  sequfa,  del 
modo  c6mo  se  resguardan  otros  de  esta  misma  evaporaci6n  por  la  solldifica- 
ci6n  y  enrollamiento  de  las  hojas;  nada  de  los  medios  para  acumular  el 
agiia  medlante  la  capa  espoujosa  que  retiene  la  humedad:  todas  estas 
funciones  son  conocldas;  y  de  aquf  que  s<51o  sea  Indispensable  darse  cuenta 
del  estado  higrom^trico  y  de  todas  las  caracterfsticas  especiales  de  la  humedad 
en  la  atm6sfera,  a  fin  de  apreciar  la  prolongada  sequfa  en  algunos  lugares 
y  los  efectos  del  exceso  de  humedad  en  otros. 

La  repartici6n  de  las  lluvias  sobre  la  tierra  determina  mds  o  menos  el  Ifmlte 
de  ciertas  formas  de  vegetaci<5n.  Y  icdmo  determinar  entonces  los  lugares  en 
que  la  vegetaci6n  o  las  plantas  sean  pr6speras  en  su  desarrollo,  o  ricas  por  sus 
frutos,  si  no  se  conocen  antes  las  varlaciones  del  estado  higrom^trico  en  la 
atm<5sfera;  si  no  se  estudia  la  calidad  de  las  lluvias  para  el  mayor  grado  de 
absorci6n  de  agua  por  los  vegetales? 

El  agtia  y  el  desarrollo  de  las  plantas.-^Gomo  prueba  vamos  a  insertar  aquf 
uno  de  los  mejores  testimonios  que  pueden  darse  al  respecto,  y  es  el  del  Sr.  M. 
A.  Mayer.*  "La  proporci6n  de  agua  en  el  suelo,  dice,  ejerce  una  influencia 
muy  notable  sobre  el  metaholismo  y  la  producci6n  de  semlllas  en  las  plantas." 
Y  efectu6  sus  experimentos  cultivando  plantas  en  suelos  cuya  humedad  era 
diferente,  pero  siempre  conocida  y  constante,  variando  la  prc^)orcl6n  del  10  al 
96%  de  humedad,  o  sea  del  muy  seco  al  muy  htlimedo. 

Aun  cuando  no  entremos  en  detalles  respecto  del  modo  c6mo  el  Sr.  Al.  A. 
Mayer  llev6  a  cabo  sus  experimentos,  es  necesarto  que  conozcamos  el  resultado 

*  Exp.  Sta.  Record,  No.  7,  VoL  X. 
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de  Mos,  qae  puede  resumirae  asf :  En  general,  caanto  m&s  seco  es  el  snelo, 
mayor  es  el  ntlmero  de  semillaB  j  la  cantidad  de  los  hidrocarbonados,  como  el 
almld6n,  etc.,  que  produce  la  planta,  y  menor  la  producci6n  de  la  celulosa. 
En  un  suelo  hiimedo,  el  reeultado  es  Inverso  del  anterior ;  es  declr,  que  la  pro- 
porci6n  de  la  celulosa  aumenta  en  cuanto  disminuye  la  de  los  hidrocarbonados ; 
aumenta,  por  conslgulente,  el  desarroUo  vegetatlvo  y  disminuye  el  rendlmlento 
cle  reservas  nutritivas  y  de  materia  reproductora. 

Este  resultado,  claro  estd,  se  ha  de  entender  respecto  de  una  mlsma  especle 
de  vegetal. 

Lo  que  nos  interesa  saber  por  este  medio  es  dnicamente  el  hecho  de  la  im- 
portancia  del  agua  en  el  desarroUo  de  las  plantas;  y  que  los  progresos  de  la 
agronomfa  est^n  en  relaci6n  con  los  de  la  meteorologfa,  o  mejor  dlcho,  que  de 
la  meteorologla  pueden  sacarse  consecuencias  importantes  para  el  fomento  de 
la  agricultura  en  todos  los  pafses. 

No  serd  por  derails  insertar  tambi^n  algo  acerca  de  la  temperatura  de  las 
plantas,  segdn  ezperlmentos  hechos  en  Australia  por  Soutler,^  sirvl^ndose  de 
term6metros  de  cubeta  seca  y  de  cubeta  mojada.  Los  resultados  obtenidos  en 
el  bambii,  en  el  banano,  en  la  flor  del  cactus,  etc,  muestran  la  relaci<)n  que 
existe  entre  la  temperatura  del  medio  ambiente  y  la  de  las  plantas  mismas. 

Las  comprobaciones  efectuadas  por  M.  Quns  en  el  Jardfn  Botdnico  de  Bruselas, 
relativas  a  la  yegetaci6n  precoz,  son  tambi^n  dignas  de  tomarse  en  cuenta  para 
nuestro  aserto.  La  lista  que  M.  Guns  nos  propordona  de  la  floracidn  de  algunas 
plantas,  cuando  la  temperatura  es  suave,  es  la  mejor  razdn  que  tenemos  para 
indicar  la  influencia  de  la  temperatura  en  los  vegetales.  De  aquf,  16gicamente 
se  deduce  que  es  necesario  estudlar  en  cada  regi6n  el  regimen  t^rmico  para  saber 
las  plantas  que  allf  pueden  ser  mds  o  menos  prdsperas,  y  correspondan  entonces 
a  los  Intereses  de  la  agricultura. 

Importa,  asimismo,  conocer  la  reladdn  que  existe  entre  el  peso  de  la  semilla 
'  y  el  dima.  M.  J.  L.  Jensen  responde  con  datos  a  esta  cuesti6n.  En  el  estudlo 
que  hizo  para  determlnar  dlcha  relaci6n,  dividl6  los  pafses  en  seis  grupos,  cons- 
titufdos  asf :  el  1*  por  Rusia ;  el  2*  por  Estados  Unldos ;  el  3*  por  Alemanla  y 
Prusia ;  el  4^  por  Dinamarca,  Suecia  y  Noruega ;  el  6*  por  Inglaterra,  Holanda 
y  B^lgica ;  y  el  6**  por  Espafia,  Francla  e  Italia ;  y  luego  indic6  el  peso  medio  de 
10.000  gramos  por  cada  cereal  de  cada  pais,  que  se  habfa  procurado  sobre  731 
muestras.  El  resultado  fu^  el  siguiente:  el  peso  de  los  cereales  disminuye  a 
medida  que  aumenta  el  cardcter  continental  de  la  regi6n  en  que  ellos  se  cultivan ; 
y  el  clima  insular  o  el  de  la  costa  da  semillas  pesadas  y  livianas  el  continental.' 

^Qu4  otras  deducciones  podriamos  sacar  de  estas  dos  citas,  sino  la  influencia 
del  clima  en  los  vegetales?  Pues  las  otras  cuestiones  ya  serfan  del  estudlo  del 
qufmico  y  del  botdnico,  quienes  sumlnistrarfan  datos  sobre  los  efectos  de  la 
vegetaddn  en  lugares  diferentes. 

Influencia  de  la  preMn  osmdtioa  tobre  la  forma  y  estructura  de  los  vege^ 
tales, — ^M.  J.  Beauverie  demuestra  la  influencia  de  la  concentracldn  del  medio 
sobre  la  forma  y  estructura,  por  ejemplo,  de  los  bongos  inferiores  y  de  los 
superiores,  como  los  Aspergillus,  Sterigmatocystis,  Penidllium,  Clonostachis,  etc. 
Los  resultados  son : 

1**  reducd6n  en  altura  del  aparato  a^reo  del  hongo  y  la  dilataci6n  lateral  de 
las  c^lulas  que  constituyen  la  parte  principal  de  la  planta ; 
2*  predominio  de  la  parte  sumergida  del  aparato  vegetatlvo  en  la  parte  a^rea. 

Ann  hay  casos  en  que  una  fuerte  concentraci6n  del  medio  determina  la  in- 
mersi6n  completa  de  la  planta,  si  bien  se  manlfiesta  una  profunda  alterad6n 

*  Experiment  Station  Record,  VoL  XI,  No.  4. 
>  Bevtie  Scientiflqoe,  Tomo  XYII,  febrero  de  1002. 
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de  la  forma  de  lo«  aparatoa  reproductores  que  permanecen  con  frecuenda 
eat^iles. 

For  lo  que  ae  re,  laa  experlenciaa  del  autor,  desde  el  pnnto  de  viata  fiaiO' 
16glco  vegetal,  ponen  atin  en  evldencia  laa  reladonea  mutnas  de  qne  hidmoa 
menci<)n  al  principiar  eata  tesla.  Lo  qne  prueba,  una  ves  m^  que  las  dendaa 
ae  dan  la  mano  entre  bU  aiendo  la  meteorologfa  uno  de  loe  medios  para  entrar 
de  lleno  en  la  fase  dentffloa  de  la  erolucldn  del  relno  vegetaL 

Cau9<i9  de  la  humedad  atmosfMca. — ^Bntre  laa  causaa  de  la  humedad  at- 
moef^rica  podemos  a^ialar  trea  generalea :  los  bosques,  laa  montafiaa  y  el  movl- 
miento  de  traalad^n  de  la  tierra.  Bl  eatudlo  de  cada  una  de  estaa  partea  puede 
resumirae  como  algue : 

OoncretAndonos  a  la  regi6n  Interandina  4e  la  R^tibUca  del  Bcnador,  la 
frecuenda  de  laa  lluvlaa  tiene,  en  general,  su  orlgen  al  Este,  o  lo  que  ea  lo 
mismo,  en  la  extensa  aelva  bafiada  por  caudaloaoa  rfoa  que  deaembocan  en 
el  Amazonas.  Si  bien  ea  derto  que  estaa  aelvaa  son  causa  y  efecto  de  la 
mayor  parte  de  las  lluvlaa,  es  dd>ido  a  la  lucba  que  se  eatablece  entre  laa 
corrientes  atmoaf^icas,  las  que  obran  sobre  laa  cftlidaa  para  enfriarlas  y 
produdr  la  condensacldn  de  los  vapores.  Ck>mo  en  el  Ecuador,  ae  ha  oba^rvado 
en  California,  Brasil  y  la  India  que  el  perfodo  de  Uuvias  ha  dismlnuldo  a 
medida  que  loa  boaquea  han  aide  talados. 

Cuanto  a  las  montafllas,  por  encontrarse  rtlas  a  una  altura  bastante  elevada 
en  la  atm^ef^a  y  por  ser  las  partes  mds  frfas  de  loa  continentes,  al  penetrar 
en  las  regionea  a^reaa,  dUidaa  y  hdmedaa,  fftvorecen,  la  condenaad6n  de  los 
vaporea.  De  aquf  que  las  montafias  favorecen,  a  no  dudarlo,  la  fertllidad  en 
las  regiones  inferlores,  tal  cual  acontece  en  la  Reptibllca  del  Ecuador,  y  en 
todos  los  demds  pafses  en  que  las  promlnendas  de  la  tXerm  son  el  estandarte  de 
prosperidad  y  grandeza  de  los  sueloa  que  las  circundan.  Si  esto  es  asC, 
lc6mo  no  entusiasmarse  y  llevar  al  terrene  de  la  pr&ctica  redes  meteoroldglcaa 
en  las  regiones  a^reas,  c&Iidas  y  hdmedas,  favorecen  la  condensad6n  de  loa* 
con  las  que  se  venga  en  conodmiento  de  tantos  aecretoa  que  la  naturaleza 
enderra,  como  medio  para  que  el  hombre  aiga  camino  del  progreso  en  sus 
investigaclones  de  la  meteorologfa  aplicada  a  la  agricultura? 

Por  lo  que  precede  podrfamos  ya  deducir  todas  las  consecuendas  favorables 
a  nuestro  aserto,  si  no  tuvi^ramos  a  la  vista  un  cdmulo  tal  de  trabajo  de 
todos  los  pafses  del  mundo,  por  el  que  los  diferentes  autores  est&n  de  acuerdo 
en  que  se  fomente,  por  todos  los  medios  posibles  y  en  todos  los  pafsea,  las 
observadones  meteorol6gicas,  a  fin  de  arrancar  con  ellas,  mds  tarde  o  mds 
temprano,  algo  de  lo  mucho  que  adn  ignoramos  en  la  naturaleza  de  laa  coaaa. 
La  meteorologfa  es  una  ciencia  no  muy  modema  que  se  diga:  poco  o  cast 
nada  se  ha  hecho  desde  un  siglo  a  esta  parte,  debido  tal  vez  a  que  no  se  ha 
aplicado  uno  de  sus  elementos,  por  un  lapso  de  tiempo  bastante  grande,  a 
conocer  mds  de  cerca  las  relaciones  entre  los  tres  reinos  de  la  vida;  o  bien 
porque  a  dicha  cienda  no  se  le  ha  considerado  como  dependlente  de  las  que 
son  BUS  anexas.  En  cualquier  caso,  muy  de  desear  serfa  que  el  Segundo 
Ck>ngreso  Oientffico  Panamiericano  insistiese,  por  lo  menos,  o  adoptase  medioa 
oportunos  para  que  en  todas  las  naciones  donde  el  servido  meteoroldgico  no 
existe  en  las  condiciones  que  la  ciencia  exige,  se  establezcan  estacionea  de 
la  clase  que  convenga  en  cada  regidn  principal  de  cada  pais.  Las  razonea* 
que  aduclmos  son  mds  que  suflcientes  para  que  nuestra  tesis,  a  la  vez  que 
quede  demostrada,  sea  tambi^n  como  un  esbozo  de  energfa  del  autor  ante 
dicho  Oongreso  Gientffico  en  pro  de  la  denda  y  de  los  intereses  agrfoolaa  d* 
las  nadones. 

Ck>nsiderando  ahora  el  movimlento  de  traslad6n  de  la  tierra,  como  causa 
general  de  las  predpitadones,  tenemos  otro  motive  para  eatudiar  el  regimen  plu* 
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Yiom^tiico,  DO  b6\o  en  las  zonas  tropicales,  sino  aun  en  las  que  se  manifiesta  el 
mAxlmum  de  caldeo  y  el  mfnlmum  de  presi6n.  Y  si  en  las  precipitaciones  inter- 
Tlenen  las  corrientes  atmosf^ricas,  es  may  natural  que  el  estudio  de  los  vientos 
■ea  otro  elemento  que  preclsa  conocer  en  sus  mtUtlples  varladones.  Ademds 
si  la  fertlUdad  relatlva  de  los  paises  templados  como  el  Ekmador,  cuya  exuberan- 
da  admlra  tanto  el  yiajero,  tiene  por  causa  la  altemabilidad  entre  la  seque- 
dad  y  humedad,  no  podemos  echar  en  olvido  que  la  humedad  permanente  con 
una  tempo'atura  elerada  es  la  causa  inmedlata  de  desarrollo  y  prosperldad 
de  las  plantas,  como  de  un  modo  extraordlnario  se  observa  en  los  bosques  tropl- 
cales. 

Estudlando  estas  causas  generales,  creemos  que  nadie  podrfa  poner  en  tela 
de  duda  la  importancla  de  la  meteorologla  agrfcola.  Traer£a  aqul  un  gran 
acoplo  de  documentos  y  datos  que  manlfestaran  la  bondad  de  nuestras  opiniones, 
si  no  tuvi^semos  presente  que  tales  comprobantes  s6lo  servirfan  para  dar  una 
extensldn  mayor  de  la  que  nos  proponemos  en  el  presente  estudio.  Por  esto 
resefiaremoB  mfts  bien  el  estado  a  que  ha  llegado  la  meteorologla  en  los  tlempos 
actuates. 

Leverrier  y  la  meteorologia  (1811-1877). — ^Este  renombrado  sablo,  hablando 
de  la  meteorologf a  se  expresa  asf : 

La  meteorologla  es  una  clencia  emlnentemente  prdctlca.  La  navegacl6n, 
la  agrlcultura,  los  trabajos  piibllcos,  la  hlgiene,  est&n  especialmente  Interesados 
en  sus  progresos,  y  es  de  gran  importancla  el  que  no  nos  descuidemos  por  m&s 
tlempo  de  tan  graves  Intereses. 

La  utllidad  de  las  Investigaciones  meteorol6gicas  para  la  navegaci6n  es  Incon- 
testable. Gracias  al  estudio  de  los  vientos,  desde  hace  algunos  afios,  se  ban 
hecho  m&s  rdpidas  las  travesfas.  Las  diversas  naciones  marftimas  deben 
grandes  reconoclmlentos  al  Tenlente  Maury,  cuyos  hAblles  pianos  ban  contrl- 
bufdo  poderosamente  a  este  resultado.  Es  asf  como  hemes  visto  la  travesfa 
media  de  Estados  Unidos  al  cabo  San  Roque,  reducida  de  41  dfas  a  22,  y  la  de 
GaUfomia,  de  180  a  100. 

Por  la  ligaz6n,  medlante  la  telegraffa  el^trica,  de  las  diversas  estaciones  en 
que  se  hacen  observaciones  meteorol6gicas,  se  podrA  conocer  a  cada  instante  el 
sentldo  y  la  fuerza  de  propagaci6n  de  las  tempestades,  y  anunciar,  con  muchas 
horas  de  anticipaci6n,  la  mayor  parte  de  las  corrientes  de  viento  en  nuestras 
costas,  y  de  modo  especial,  las  mds  peligrosas ;  pues,  la  historia  de  los  naufra- 
gios  nos  hace  saber  que  casi  la  totalidad  de  estos  acontecimientos  tiene  lugar 
por  los  vientos  que  empujan  hacia  la  costa,  y  que  casi  todos  los  huracanes  se 
propagan  por  aspiraci6n,  es  decir  en  la  direccidn  en  que  ellos  soplan. 

De  este  modo  los  vientos  que  soplan  hacia  la  costa  podrfan  ser  anunciados, 
porque  casi  slempre  soplan  antes  en  el  interior  que  en  la  costa  misma.  Los 
barcos  de  Pescadores  evitarian  alejarse  o  podrfan  regresar  antes  de  la  tempes- 
tad ;  los  marinos  estarfan  Hstos  en  los  puertos  hnsta  que  hay  a  pasado  la  tempes- 
tad  de  que  estaban  amenazados,  y  los  naufraglos  en  la  costa  de  Francia  se 
harfan  mAs  raros.  Ya  en  los  Estados  Unidos  las  corrientes  de  viento  ban  sido 
anunciadas  en  diferentes  ocasiones. 

Las  investigaciones  de  natural izacl6n  est&n  fundadas  en  la  teorfa  de  los 
cliiAns  y  nuestros  animales  domtJstlcos,  nuestros  cereales,  nuestros  drboles 
frutales  y  la  mayor  parte  de  nuestros  vegetoles  iStiles  ban  sido  acllmatados. 
Este  solo  hecho  demuestra  la  importancla  de.la  meteorologia  bajo  el  punto  de 
vista  agrfcola.  Francia  est&  aiin  lejos  de  poseer  todas  las  especies  animnles  y 
vegetates  utiles  que  allf  pueden  prosperar.  Guando  su  clima  sea  mejor  conocido, 
se  sabrd  cudles  son  las  regiones  para  cada  especie,  aparentes;  se  sabrd  en 
cada  parte  de  Francia  cudles  son  las  vertientes,  las  planicles  y  las  altitudes 
que  se  deben  escoger ;  se  sabrd,  para  la  vegetaci6n,  cudles  son  las  propiedades 
ffsicas  que  debe  ofrecer  el  suelo  para  compensar  tal  o  cual  inconveniente  del 
clima  desde  el  punto  de  vista  de  la  humedad,  de  la  temperature,  de  los  rayos 
solares,  de  los  aguaceros,  etc.  Con  la  uyuda  de  la  meteorologia  se  evitardn 
esos  ensayos  infructuosos  y  esas  tentativas  indtiles  que,  ademds  de  los 
sacrificios  que  ocasionan,  retardan  la  introducci6n  de  ciertos  cultivos  y  de 
ciertas  especies  EOol6gicas. 
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La  pluvlometrfa  prestard  tambi^n  importantes  servicios.  Mientras  que  al 
habitante  de  los  lugares  elevados  y  secos  4sta  le  provee  de  indicaclonee  Utilem 
acerca  de  las  dimensiones  que  deberfa  dar  a  las  cisternas  y  a  los  tanques,  al 
mlsmo  tiempo,  puede  prevenlr  a  los  habitantes  de  los  lugares  bajos  y  veclnos 
de  Duestros  grandes  rfos,  de  las  Inundaclones  que  les  amenazau  y  permltlrles 
asf  salvar  sus  rebatios  y  su  misma  vlda. 

«  «  «  •  •  •  • 

Ya  una  Comisl6n  Hldrom^trlca,  que  se  forra6  en  Lyon,  despute  de  las 
terribles  inundaclones  del  Saona  en  1840  ha  prestado  grandes  servicios.  Muchas 
veces  por  la  observaci6n  de  la  lluvla  en  la  ddrsena  de  este  rfo,  ha  podido  no 
solamente  prevenlr  una  pr6xima  tempestad,  sino  hacer  saber  a  qu^  decfmetroa 
de  altura  mds  o  menos  deberfa  elevarse  el  agua.  Actualmente,  merced  al  celo 
de  algunos  Ingenleros  de  puentes  y  oalzadas,  las  observaciones  pluvlom^trlcas 
son  hechas  juntamente  con  la  observaci6n  de  los  cauces  de  muchos  de  nuestroa 
rfos,  y  las  curiosas  relaciones  descubiertas  por  M.  Belgrand,  Ingenlero  en 
Jefe  de  puentes  y  calzadns,  entre  los  cauces  de  dlferentes  rfos  de  Francla  dan 
la  certidumbre  de  llegar  por  este  camlno,  a  conclusiones  importantes  para  los 
riberefios  de  nuestros  rfos. 

Las  enfermedades  que  en  estos  tlltimos  afios  han  venldo  a  atacar  a  algunas 
solandceas  y  aun,  en  algunos  lugares,  a  clertas  especles  de  legumbres  y  han 
difundido  la  inquietud  en  las  poblaciones  campestres,  al  mlsmo  tiempo  que  han 
subido  el  precio  de  muchos  comestibles  Indispensables  para  la  vlda,  son  on 
motivo  todavfa  mAs  para  que  nos  ocupemos  de  la  meteorologfa.  Importa 
mucho  que  las  condiclones  atmosf^ricns  en  las  que  se  producen  estos  hechos 
sean  culdadosamente  analizadas.  Desde  un  punto  de  vista  andlogo,  la  higiene 
y  la  salud  pilblica  estdn  interesadas  en  el  estudio  de  la  atm6sfera:  puede  ser 
que  asf  se  Ueguen  a  reconocer  las  causas  y  las  condiclones  favorables  a! 
desarrollo  de  estas  teribles  epidemlas  que,  de  tiempo  en  tiempo,  se  extlenden 
en  grandes  porciones  de  nuestro  globo.  El  aire  y  el  suelo  son  evidentemente 
los  medlos  a  trav^  de  los  cuales  se  transmlte  el  mal.  En  los  esfuerzos  hechos 
para  llegar  a  conocer  las  causas  de  estas  enfermedades,  el  estudio  de  la 
atm6sfera  no  puede  ser  desculdado/ 

Si  en  esa  6poca  las  estudlos  meteoroWglcos  eran  ya  considerados  como  Im- 
portantes para  el  conocimiento  de  la  vlda  vegetativa  en  sus  relaciones  con  la 
vlda  animal,  y  si  Le  Verrier,  fu4  el  vocero  de  la  ciencia,  en  los  afios  citados, 
sienta  como  prlnciplo  incontrastable  el  provecho  que  los  pueblos  reportarfan 
con  las  observaciones  meteorol6gicas  que  &.  encarece;  no  serfa  prueba  evidente 
el  testimonio  de  Le  Verrier,  si  buen  ntimero  de  las  naciones  del  mundo  no 
hubiesen  comprobado  con  hechos  lo  que  ahora  necesitan  efectuar  las  otras 
naciones  que  aun  no  poseen  las  estaclones  de  referenda. 

Por  esto  es  que  nos  basta  resefiar  el  estado  de  la  meteorologfa  en  Francla  j 
en  Estados  Unidos  de  America  del  Norte  en  el  afio  1900,  a  fin  de  que  se  vea  ^ 
progreso  a  que  ha  llegado  hoy  la  ciencia  meteoroWgIca, 

Fin  prdctico  de  la  meteorologUi, — ^En  Francia,  la  meteorologfa  constltujre  an 
servicio  de  la  enseflanza  superior,  dependiente  del  Minlsterio  de  Instmcddn 
Ptiblica.  En  Estados  Unidos  de  Norte  America  se  la  ha  dado  tal  extension,  que 
casl  todos  los  grandes  propietarios  tlenen  sus  meteorologistas  espedales,  que 
estdn  en  constante  investlgacidn  respecto  a  la  Influencla  de  la  temp^ratura  en 
los  vegetal  es,  teniendo  para  ello  un  servicio  telegr&fico  y  telef6nico  por  el  que  se 
ponen  en  comunicaci6n  todas  las  estaclones  meteorol6gicas  de  las  haciendas. 
CJon  tal  procedimiento  no  hay  duda  que  la  meteorologfa  se  ha  convertldo  en  ana 
ciencia  eminentemente  prdctica,  tanto  para  las  plantadones  como  para  el  servicio 
de  la  marina.' 

El  Departamento  de  Agrlcultura  de  los  Estados  Unidos  ha  llevado  a  cabo  an 
importante  ntimero  de  investlgaciones  sobre  asuntos  metewoldgicoa  reladonadot 
con  la  agrlcultura.  Basta  leer  el  Bulletin  of  the  Mount  Weather  Observatory 
de  Washington  publicado  por  el  sefior  William  J.  Humphreys,  Director,  quien 

^  Rapport  sur  rObsenratoire  de  Paris,  1855. 

>  V^ase  la  **  Revue  Sdentiflqiie,"  N.  19,  4.  verie,  tomo  XIV.  Nov.  10  de  1900, 
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a  la  vez,  que  oos  habla  del  movimlento  de  la  humedad  en  los  suelos,  nos  da 
tambl^n  una  idea  bien  clara  del  desarrollo  de  la  meteorologfa  en  el  pals  de  la 
rlqueza  actuaL  ^Qu^  diremos  ahora  si  traemos  a  cuento  los  progresos  que  se 
realizan  en  paises  como  el  Brasll,  Uruguay  y  Argentina,  en  los  que  a  la  meteoro- 
logla  se  le  ha  dado  el  impulso  que  necesitaba  para  que  la  agricultura  tambi^ 
prospere?  Basta  esto  para  que  se  comprenda  la  importancia  que  tlenen  los 
asociaciones  meteorol6gicas  en  los  pafses  donde  el  clima  viene  a  ser  como  uno 
de  los  factores  de  la  civilizaci^n  moderna;  por  cuanto  se  estudian  primero  y 
alsladamente  los  fen6meno8  climatol6gicos,  para  luego  someterlos  a  leyes  ffsicas 
y  experimentales,  y  establecer  entonces,  las  relaciones  que  existen  entre  ellos. 
Bin  los  cuales  no  es  posible  conocer  la  base  de  la  ciencia  climatol6gica  en  un  pals. 

De  aqui  que,  siendo  el  fin  prdctico  de  tales  investigaciones,  segtin  lo  acordado 
por  el  Oongreso  Panamericano  (1008),  la  construcci6n  de  la  Carta  Isot^mica 
por  medio  de  la  cual  se  den  a  conocer  las  variaciones  geogrdficas  de  la  reparti- 
ci6n  de  las  temperaturas  medias  y  otros  fen6menos ;  forzoso  es  aseverar  que  se 
impone  el  establecimiento  de  redes  meteorol6gicas,  segtin  los  lugares,  con  esta- 
clones  de  primero,  segundo  o  tercer  orden.  Heroos  bosquejado  a  grandes 
rasgos,  los  motivos  para  ello  ya  que  nuestro  objeto  ha  sido  el  dejar  demostrada 
la  importancia  de  la  meteorologfa  agrfcola. 

Proffre909  de  la  metcorologia  agricola. — ^Una  vez  que  hemos  anotado  el 
fin  especial  de  la  meteorologfa,  no  debemos  olvldar  que  ^ta  necesita  para  su 
progreso  de  la  asociaci6n  de  muchos,  para  acumular  el  patrimonio  de  cono- 
dmientos,  que  en  el  dfa  de  hoy  son  necesarios,  de  la  zona  de  contacto  o 
sea  de  la  Muperficie  viviente  del  globo.  La  meteorologfa  se  desarrolla  al  modo 
de  las  otras  ciencias,  por  el  concurso  de  gran  nthnero  de  observadores ;  pues, 
un  fen6meno  cualquiera,  por  ejemplo,  una  tromba,  para  ser  estudiada  en  todas 
BUS  fases,  desde  su  origen  hasta  su  fin,  es  forzoso  combinar  observaciones 
Bimult6neas  para  indagar,  de  este  modo,  las  causas  de  las  modificaciones 
observadas  en  el  fen6meno;  de  lo  contrario,  la  meteorologfa  no  serfa  contada 
entre  las  cienclas  positivas  o  experimentales. 

Los  conceptos  emitidos  en  este  sentido  por  Carlos  Martins  (1849)^  han 
tenido  su  realizaci6n  en  esta  ^poca.  En  efecto;  la  iniciativa  individual,  el 
sacrificio  de  sabios  desinteresados  han  echado  profundas  rafces,  de  modo  que 
la  mayor  parte  de  los  estados  del  mundo  ha  tenido  que  intervenir  en  el  progreso, 
sea  de  las  sociedades  meteoroldgicas  fundadas  hasta  hoy,  sea  de  los  institutos 
agron6micos,  en  los  pafses  en  que  se  hallan  establecidos.  Si  bien  es  cierto 
que  el  estudio  precise  de  los  hechos,  su  clasificaci6n  y  coordinaci6n  y  las 
grandes  leyes  generates  que  los  interpretan,  no  han  llegado  a  su  tdrmino, 
no  por  esto  hemos  de  negar  el  gran  progreso  de  la  meteorologfa,  como  parte 
integrante  del  estudio  de  la  ffsica  del  globo.  Nadie  duda  que,  por  ejemplo, 
las  observaciones  de  las  temperaturas  eztremas  (mdxima  y  minima)  no  sean 
las  que  despierten  el  interns,  desde  el  punto  de  vista  de  la  agricultura  y  de 
la  higiene;  que  la  presi6n  atmosf^rica  sea  el  punto  de  partida  tanto  para  el 
ffsico  como  para  el  meteorologista ;  que  la  determfnaci6n  de  la  humedad,  de 
la  cantidad  de  lluvia  y  de  la  evaporaci6n  den  por  resultado  la  fisonomfa 
especial  de  las  localidades  por  bus  relaciones  directas,  hasta  con  la  forma 
externa  de  las  plantas;  que  los  sondajes  de  la  atmdsfera  lleguen  hoy  a 
descubrir  lo  que  en  realidad  pasa  en  las  elevadas  capas  de  aire;  que  la 
meteorologfa  atmosf^lca,  deducida  del  concienzudo  estudio  de  las  nubes,  por 
BUS  formas,  movimlento  y  altura  sobre  el  suelo  contribuyan  a  lo  que  todos 
esperan  y  desean  saber,  esto  es,  la  posibilidad  de  la  predicci6n  del  tlempo; 
en  fin,  los  datos  adqulrldos  hoy  por  la  meteoroloffia  estdtioa  y  por  la  meteorolo' 

»■  Annuaire  M^tforologlqae  de  France,  1849-1863. 
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ffia  dindmica  que  estudia  las  variaciones  simultdneas  de  los  diversos  elementos 
ineteoroI6glcos ;  la  clencla  de  la  meteorologfa  ha  Uegado  a  ocupar  el  primer 
rango  entre  las  demds. 

Todo  lo  que  acabamos  de  ennnciar  no  es  sino  el  fruto  de  las  prevlslones 
del  sabio  Le  Terrier,  a  quien  la  Francia  debe,  por  ejemplo,  la  organizacl6n 
de  su  seryicio  meteorol6gico  intemacional  de  anuncioB,  servicio  que  quedahl 
completo  cuando  las  observaciones  simultdneas  se  extiendan  met6dica  y 
cientfflcamente  en  todo  el  globo  terrestre. 

Decimos  met6dica  y  cientfficamente  debido  qulzA  a  que  no  se  ha  publicado, 
cuanto  antes,  un  c6dlgo  meteoroI6gico  intemacional,  por  el  que  se  pusiera 
en  pr&ctica  las  resoluciones  adoptadas  en  las  Ck>nferencias  y  Gongreaos 
Meteorol6glcos. 

Cedamos  en  este  punto  la  palabra  al  Dr.  Hellmann,  cuyas  consideraclones 
hechas  ante  el  Comity  Meteorol6gico  Intemacional  que  se  tuvo  en  Southport, 
por  septiembre  de  1903,  merecen  citarse  como  una  digresi^n  para  que  el 
Segundo  Oongreso  Cientfflco  Panamericano  encarezca  a  todos  los  Directores 
la  unificaci6n  de  las  observaciones  meteoroldgicas,  a  fin  de  obtener  el  mayor 
progreso  posible  en  la  meteorologfa  en  la  ^poca  actual. 

He  aqui  sus  consideraclones,  cuya  version  al  espafiol  se  debe  al  Director 
del  Observatorio  Central  de  Manila,  Jos^  Algu4  (S.  J.) : 

Es  cosa  snbida  que  hasta  el  presente  en  muchos  de  los  sistemas  o  m^todos 
de  observacl6n,  seguidos  en  Europa  y  fuera  de  Europa,  se  ha  dado  muy  poca 
o  ningunn  aceptaci6n  a  los  nuroerosos  acuerdos  tornados  en  las  catorce  Conferen- 
cias  y  Congresos  Meteorol6gicos  Internncionales,  que  se  han  celebrado  desde  1872. 
En  mi  concepto,  la  raz6n  de  ello  estA  en  dos  cosas:  lo  primero  en  que,  al 
princlplo  estas  reuniones  tuvieron,  como  era  natural,  un  carficter  deraasiado 
europeo;  s61o  gradual  y  lentamente  lo  han  ido  tomando  intercontinental;  lo 
segundo,  en  la  imposlbilidad  en  que  se  hallaban  los  meteor6Iogos  de  todos  los 
pafses  de  poderse  enterar  pronta  y  fdcilmente  de  las  resoluciones  adoptadas 
en  las  Conferencias. 

Es  verdad  que  se  han  publicado  relaciones  de  todos  los  Ck>ngreso6  Meteoro- 
16gicos  en  tres  lenguas  (alemftn.  inglfe  y  franco ),  pero  se  ha  dado  a  estas 
publicaciones  la  forma  de  una  minuta  de  las  sesiones  sin  fndice  detallado  de 
materlas,  lo  cual  hace  diffcll  el  contratar  la  informaci6n  que  uno  busca. 

De  ahf  nacid  que  ya  en  la  Conferencia  de  Munich  de  1891  manifestara  ^ 
sefior  Harrington  ante  la  Conferencia,  el  deseo  de  que  se  publicara  una  colec- 
ci6n  de  todaa  las  resoluciones  toroadas  en  los  Congresos  y  Conferencias  que 
hasta  entonces  se  habfan  celebrado;  y  que,  a  consecuencia  de  esta  misma 
propasicI6n,  el  Sr.  Wild,  presidente  entonces  del  Comit§  Meteorol6glco  Inter- 
nacional,  publicara,  dos  aflos  mds  tarde,  una  colecci6n  de  dichas  resoluciones 
(61  pftginas  en  4')  en  el  "  Repertorium  fttr  Meteorologie,"  XVI,  N  •  10. 

La  publicacl6n  del  Sr.  Wild,  que  contenia  los  trabajos  meteoroldgicos  intet- 
nacionales  llevados  a  cabo  desde  1872  a  1891,  fu6  sin  dlsputa,  de  gran  valor; 
pero  al  presente,  es  preclso  reconocer  que  no  responde  ya  al  objeto  que  me  pro- 
pongo  y  esto  por  tres  razones : 

1* — Porque  s6Io  se  public6  en  alemdn  y  es  indudable  que  ediciones  en  ingl4s 
y  en  franco  serfan  de  grande  utilidad  en  muchos  pafses. 

2* — Porque  es  demaslado  extensa  y  no  aparecen  con  suflciente  clarldad  las 
resoluciones  deflnitivas  de  los  Congresos  Meteoro16gicos. 

3* — Porque,  al  presente,  es  ya  anticuada,  al  menos  en  parte. 

Si  fijamos  ahora  nuestra  atenci6n  en  las  leyes  generales  de  la  meteorologla, 
descubiertas  desde  m&s  de  cincuenta  afios  a  esta  parte  ^la  medidna  y  la  higteoe 
no  han  sido  las  primeras  en  reportar  beneflcios  inmensos  de  tales  leyesT  Y 
la  agricultura  por  su  parte  ino  ha  progresado  tambi^n,  a  medida  que  los  agri- 
cultores  han  llegado  a  ser  meteorologistas,  quienes,  por  ejemplo,  con  el  estudio 
de  las  leyes  de  la  circu1aci6n  general  de  la  atmOsfera  que  constituyen  la  base 
de  los  sistemas  de  provision  del  tiempo  han  obtenldo  resultados  satisfactorfos 
por  lo  que  atafie  a  bus  intereses  en  el  movimiento  industrial  y  comercial? 
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Por  corta  que  sea  esta  resefla,  el  progreso  actual  de  la  meteorologfa  es  grande 
a  causa  del  Inters  de  gran  niimero  de  sabios,  secundados  por  las  Oonferenclas 
y  Ck>ngresQS  Meteorol6gicos,  celebrados  desde  1872  a  1010. 

Greemos  haber  dado  t^rmlno  al  estudlo  que  nos  propusimos  en  esta  primera 
parte;  pero  antes  de  pasar  a  la  segunda,  es  necesario  que  el  actual  Gongreso 
conozca  el  estado  en  que  se  halla  la  meteorologfa  en  la  RepilbUca  del  Ecuador. 
ProffresoM  de  la  meteoroloffia  en  el  Ecuador, — (a)  EMtaeioneM  de  primera 
clase, — ^En  la  Repilbllca  se  cuenta  hoy  con  cuatro  estadones  meteorol6glcas 
de  primera  clase,  en  los  lugares  que  slguen:  Quito,  Ambato,  Rlobamba  y 
Guayaquil ;  de  las  cuales,  la  primera  y  las  doa  tiltimas  estdn  sujetns  y  dependen 
del  Observatorlo  A8tron<)mlco  de  Quito,  y  la  segunda,  del  Director  de  la 
Quinta  Normal  de  Agrlcultura  de  Ambato.  Las  observaciones  que  se  efectttan 
en  Quito  tienen  la  regularldad  que  la  ciencla  exige,  desde  1912  hasta  la  fecha, 
habiendo  sufrldo  un  gran  perfodo  de  frecuentes  intemipclones  desde  1908  a 
1911,  y  siendo  constante  desde  1900  hasta  1907.  Por  manera  que  hay  dos 
^pocas  regulares,  una  de  slete  afios  y  otra  de  tres,  con  una  lnterrupcl6n  entre 
las  dos  de  cuatro  afios,  si  blen  en  este  perfodo  exlsten  algunas  observaciones, 
^tas  no  ofrecen  nlnguna  garantfa.  Las  observaciones  de  1900  a  1906  se  han 
efectuado  bajo  la  direcci6n  del  renombrado  sabio  Francisco  Gonnessiat, 
astr6nomo  franc6i;  de  1905  a  1907,  baJo  la  dlrecci6n  del  Sr.  Ph.  Lagrula, 
astr6nomo  de  m^rito ;  y  de  1912  hasta  la  fecha  baJo  la  direcd^n  del  astr6nomo 
actual,  graduado  en  la  Unlversidad  de  Parfs,  y  que  hizo  sus  estudios  prdcticos 
como  Astr6nomo  Stagiaire,  en  el  Observatorlo  de  este  dltimo  lugar. 

Las  e9taciones  meteorol6gicas,  tanto  de  Rlobamba  como  de  Guayaquil,  han 
sido  instaladas  por  iniciativa  del  que  hoy  se  encuentra  a  la  cabeza  del  im- 
portantfsimo  Observatorlo  de  Quito;  y  la  de  Ambato  bajo  la  direcci6n  del 
entuslasta  gedlogo  Sr.  Augusto  N.  Martinez,  actual  Director  de  la  Quinta 
Normal  de  Agrlcultura. 

(b)  EMtadoneM  en  proyecto. — Como  hemos  abrlgado  la  convlccl6n  de  la 
urgente  necesidad  de  establecer  en  la  Repiibllca  una  red  meteorol6gica  tal  que 
satisfaga,  en  primer  lugar,  a  los  intereses  de  la  dencia,  con  respecto  al  Ecuador, 
el  Gobiemo  de  este  dltimo  lugar  tiene  votados,  por  insinuaci6n  del  suscrito,  la 
suma  de  12.500  francos  para  la  adquisici6n  de  los  Instrumentos  que  slguen : 

2  bar6metros  de  mercurio  de  cubeta  profunda ; 

2  bar6metros  registradores  gran  modelo  (B.  G.  M.) 
10  higr6metro6  registradores  gran  modelo  (B.  0.  M.) 

1  pluvi6metro  registrador; 
SO  pluvi6metrofl  totallzadores ; 
15  grupos  de  term6metros,  compuesto  cada  grupo  de  mdxima,  minima,  seco, 

htimedo  y  fronda ; 
80  term6metros  registradores,  modelo  medio; 

6  bar6metro«  registradores,  modelo  medio ; 

1  anem6metro  registrador. 

Debido  a  la  conflagrad6n  eur<^)ea  estos  instrumentos  adn  no  han  llegado; 
pero  no  ser&  aventurado  asegurar,  salvo  algtin  impedimento  involuntarlo  de 
nuestra  parte,  se  d6  prindpio  en  el  prdximo  afio,  a  la  insta1aci6n  de  otras 
cuatro  estadones  de  primera  clase,  nueve  d^  segunda  y  trelnta  de  tercera,  en 
lugares  donde  mils  convenga  a  los  intereses  de  la  agrlcultura  y  de  la  mediclna ; 
y  este  es  el  objeto  para  el  cual  fueron  pedidos. 

(o)  Estadones  termopluviom^tricas, — ^Bajo  la  dlrecd6n  del  Sr.  Augusto  N. 
Martinez,  Diredor  de  la  Quinta  Normal  de  Agrlcultura  de  Ambato,  fundonan 
en  la  provincia  del  Tungurahua  mils  de  diez  estadones,  las  que  propordonan 
dates  sobre  las  temperaturas  extrem^  (m&xima  y  minima)  y  sobre  la  cantldad 
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de  agua.  En  la  provincia  de  Pidilncha,  igaales  estadones  se  hallan  in^^ladas 
en  los  pueblos  de  Machachl  y  Sangolquf,  por  el  Director  del  Obaarvatorlo  de 
Quito  y,  pr6xlmamente,  se  Instalardn  otras  cuatro  mds,  en  otros  Ingares  prlnd- 
pales  de  la  mlsma  provincia ;  asf  como  tambl^n,  otras  en  la  provincia  de  Le6D 
y  el  Oriente  serdn  instaladas  por  el  Sr.  Martinez. 

(d)  Trahafos  meteoroldgicos, — ^El  Ohservatorlo  de  Qnlto  perslgue  las  investi- 
gaclones  que  a  continuacl<)n  se  expresan,  dado  el  fin  qne  ^1  se  propone  de 
construir  la  carta  isot4rmica  del  pals  para  el  conodmiento  cllmatol6glco  de  esta 
parte  del  contlnente  amerlcano.    He  aquf  los  trabajos : 

1*.  Temperatura  del  aire. — Observadones  dlarlas  de  los  instnimentos  de  lee- 
tura  directa  y  de  los  reglstradores,  de  acuerdo  con  el  horarlo  de  trabajos.  Lec- 
tura  de  mdxlma  y  minima.  Varladdn  dlurna  de  la  temperatura.  Estudio  de  las 
cnusas  que  pueden  modificar  dlcha  variacl6n.  Variacl^n  anual  y  sus  causas  de 
influenda.  Reducd6n  de  la  temperatura  al  nlvel  del  mar.  Estableddas  las 
estaciones  meteorol^glcas :  Ifneas  Isotermas,  formacidn  de  la  carta  isot^rmlca. 

2*.  Temperatura  del  tuelo. — ^VarlacWn  dlurna  y  anual  a  dlstlntas  profundi- 
dades.  Estableddas  las  estaciones  meteorol6glcas :  estudios  comparatlvos  de 
las  capas  invarlables  como  tambl^n  la  temperatura  de  las  fuentes  de  los  rfos. 
Formad6n  de  los  cuadros  mensuales  de  temperatura  y  estudio  grdfico  de  los 
resultados  por  medio  de  curvas  y  expllcad6n  de  aquellos  para  el  boletln. 

8*.  Precipitacionet  atmoafMcas, — ^FormacWn  y  medlda  de  las  lluvlas.  Glasi- 
flcacl6n  general  de  las  lluvlas.  Vorlad^n  anual  y  mensual  de  la  Uuvla :  Causas 
que  la  modlfican.  Intensldad  de  las  grandes  tempestades.  Frecuencia  de  la 
Uuvla.  Ni&mero  de  dfas  de  Uuvla.  Reglmenes  pluvlom^trlcos.  En  el  pupuesto 
de  estaciones  meteorol6gicas :  Dlstrlbucl6n  de  la  Uuvla  en  la  Reptlbllca.  Medlda* 
peso  y  temperatura  del  granizo.  Levantamiento  de  curvas:  Formacl6n  de  los 
cuadros  y  estudio  de  las  leyes  que  se  relaclonan  con  la  Uuvla. 

4*.  Fendtnenoa  diverso9, — ^Transparencla  atmosf^lca.  Niebla,  roclo,  heladas 
y  su  perlodiddad. 

5*.  Fen6meno9  dpticos. — ^Arcoiris,  coronas  y  halos,  cfrculos  parhdlicos,  coronas 
luminosas. 

6^  Estado%  del  oielo, — Claslficad6n  de  las  nubes,  cantldad  y  dlrecd6n.  Nefos- 
copio.  yarlacl6n  anual  y  mensual  de  la  nebulosldad.  Formad6n  de  los 
cuadros.  Estudio  de  las  curvas  en  comblnad6n  con  los  demfts  elementos 
meteoroldgicos. 

7*.  Yiento, — ^Medida  y  dlreccl6n  del  vlento.  Veloddad  y  fuerza  del  vlento. 
Representad6n  grfifica  de  las  observadones.  Frecuencia  del  vlento.  Dlrecd^n 
media  del  vlento  (componentes).  yarlaci6n  dlurna  mensual  y  anual  de  las  di- 
recclones  y  veloddad  del  viento.  Relaclones  del  vlento  con  la  temperatura  y  la 
presi6n  barom^trica.  Qraduante  barom^trica.  Glrculad6n  general  de  la  atm^ 
fera.  Vlentos  constantes.  Discusi6n  de  los  datos  obtenidos  en  el  anem6metro 
y  anem6grafo,  previa  formad6n  de  los  cuadros  respectivos.  Sus  relaclones  con 
los  demds  elementos  meteorol6gicos. 

8*.  Evaporaci6n  y  humedad  atmosfMca. — ^Evaporad6n.  Estudio  de  la  evapo- 
raci6n  dlurna,  mensual  y  anual.  Medlda  de  la  fuerza  el&stica  del  vapor  de  agua. 
Hlgr6metros.  Yariad^n  dlurna,  mensual  y  anual  de  la  tension  del  vapor  de 
agua  y  de  la  humedad  relatlva.  Dlstrlbud6n  de  la  humedad  en  la  superfide 
del  suelo  y  relaclones  de  ella  con  la  vegetaci6n.  Cuadros  y  curvas  correspon- 
dientes  de  los  datos  obtenidos  para  publlcarlos  en  el  boletfn. 

9*.  Presidn  attnoMfMca, — ^Lecturas  dlarlas  de  las  bardmetros  normales  y 
reglstradores.  Representad6n  gr&fica  de  las  variadones  barom^trlcas.  Rela- 
dones  entre  la  temperatura  y  la  presi6n.  Relaclones  entre  la  presidn  y  d 
viento.    Reducciones  a  0*.    Variadones  diima,  mensual  y  anual  de  la  presi^n. 
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Anomalfas  barom^tricas  en  la  regl6n  ecuatoriaL  Medidaa  de  altnras  con 
el  bar^metro  y  el  ipsbmetro.  Reduccl6o  de  la  presi6n  al  nlvel  del  mar. 
Escalas  isobares  anuales  previa  la  in8talaci6n  de  las  estaciones  meteoroldgicaa* 
CnadroB  mensuales  y  dlscasi6n  con  datoa  obtenidoe  en  relaci6n  con  lea  dem&» 
elementoa  meteoroldgicos. 

10*.  Aetinometria, — Variaci6n  dluma,  mensnal  y  anual  del  calor  solar* 
Actin6metro8  de  Crova  y  Pouillet  Medidas  actinom^tricas.  Gonstante  solar. 
Absorci6n  d^  calor  por  la  atuMtofera.  Coeficiente  de  transparenda.  Forma* 
ci6n  de  cuadros  y  dlscusidn  de  los  dates. 

11*.  Tempentaden;  fendmenoM  genenUcM. — 01a8iflcaci6n  y  frecuencia.  Tem- 
pestades  de  depresi^n. 

12*.  PreviMn  del  tiempo, — Organizaci6n  de  servicios  para  la  preyisl6n  del 
tiempo.  Previsiones  locales.  Investigaciones  sobre  la  periodicidad  de  los 
tei6menos  meteorol6gicos.    Perfodos  solares.    Perfodos  Innares. 

Ap^ndice. — ^Fotograffa  meteorol6gica.  Investigaciones  meteorol6gicas  en  las 
capas  snperiores  de  la  atmdsfera  por  medio  de  los  globes  registradores  (actual- 
mente  los  hay  en  el  Observatorio).  E^xcursiones  para  medidas  de  altura  en 
los  lugares  que  fuesen  de  indispensable  necesldad.  Extracto  del  estado  medio 
de  los  elementos  meteorol6gicos  correspondientes  a  ^>ocas  anteriores. 

Debemos  advertir  que  rei9>ecto  de  la  previ8l6n  del  tiempo,  de  la  fotograf fa 
meteorol^gica,  de  las  excurslones  para  medidas  de  altura,  etc.,  no  se  ban 
iniciado  aiin,  hasta  que  las  estaciones  en  proyecto  sean  deflnitivamente  instala- 
das.  Ouanto  a  lo  demds,  los  trabajos  se  efectdan,  por  contar  con  instrumentos 
de  primera  calldad  y  modernlsimos,  de  las  Casas  Richard  de  Paris  y  Fuess 
de  Berlin.  La  mayor  parte  de  los  instrumentos  son  registradores,  instalados 
cada  uno  con  sus  semejantes  de  lectura  directa,  controlados  4stos  en  la 
Oflcina  Meteorol6gica  de  Paris,  segdn  acuerdo  de  los  Gongresos  OientfficoSt 
para  la  comprobaci6n  d^  aqu^lloe. 

(e)  HoroM  de  ohservaci&n. — ^En  general,  las  observadones  se  efectdan  a 
las  7,  10,  14,  17  y  21  boras,  contdndose  ^tas  de  0  a  24;  la  media  noche  se 
consldera  slempre  como  el  princlpio  y  fin  del  dia.  Indicamos  que  las  obserra- 
dones  de  mAxima  y  minima,  se  hacen:  a  las  7  y  14  las  de  minima  y  a  las 
14  y  17  las  de  mdxima.  Por  lo  que  respecta  a  las  observadones  en  si,  seguimos 
teztualmente  las  resoludones  tomadas  en  los  liltimos  Gongresos  Gientificos. 

(/)  PublicaoUmeM. — ^El  Observatorio  de  Quito  publica  mensualmente  un 
boletin  de  gran  formate,  cuyo  titulo  es  "  Boletf n  Mensual  del  Observatorio  de 
Quito,  publicado  por  L.  G.  Tuflfio,  Director.*'  Este  boletin  se  halla  suspense, 
desde  julio  de  1914,  por  motives  independientes  de  nuestra  voluntad.  El 
Gobierno  de  nuestro  pais  tiene  sin  embargo  ofreddo  suministrar  al  Observa- 
torio una  imprenta  espedal  para  las  publicaciones  de  astronomia,  geofisica 
y  meteorologia,  segtin  el  plan  formulado  y  que  puede  consultarse  en  el  niimero 
dd  volumen  2.  Para  ^to  tenemos  listas  dos  oficinas  en  un  pabell6n  adjunto 
al  establecimiento  para  instalar  alii  la  imprenta.  Pero  la  publicad6n  del 
boletin  en  la  forma  que  hasta  ahora  se  ha  hecho,  reaparecer&  de  nuevo  desde 
enero  del  pr6ximo  afio,  indusive  los  ndmeros  que  faltan  para  completar  la 
serie.  Hay  tambl^n  otros  dos  6rgano8  de  publicad6n  diaria:  d  peri6dico 
*'  El  Dia'*  para  las  observadones  que  se  recogen  en  Quito,  y  '*  El  Td^grafo"* 
para  las  de  GuayaquiL 

0B0ANIZACI6n  del  BEBVICIO  TELEOaAnCO  BELACIONADO  CON  EL  TIEliiPO. 

La  prevision  del  tiempo  es  hoy  la  gran  cuestldn  que  preocupa  a  todos  los 
sabios  del  mundo,  principalmente  por  la  dificultad  de  los  medios  de  comunicaci6n 
rApida  entre  las  diversas  estadones  de  un  lugar.    Por  lo  mismo  que  la  meteoro- 
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logfa  es  una  ciencia  complicada,  por  la  dlficnltad  de  combinar  los  difereates 
elementoB  atmosf^icos,  y  de  establecer  las  leyes  de  sua  relaclones,  segda  la 
topograffa  de  los  terrltorios,  esta  complicacl6n  aumenta  cuando  se  ignora,  pw 
ejemplo,  lo  que  pasa  en  el  aire  atmosfMco  en  nn  instante  dado  y  no  ee 
conocen  a  tiempo  las  manlfestaciones  de  su  activldad,  para  la  correspondlente 
predicci^n.  Por  esto  es  que  Juzgamos  serfa  oportuno  que  el  actual  Gongreso 
Oientlfico  estableciera  tratados  intemacionales,  de  modo  que  se  ponga  ea 
prActlca  la  telegraf fa  meteorol6gica,  y  las  naciones  de  un  mismo  contin^ite  se 
aprovechen  mutuamente  de  las  observadones  que  se  recojan  en  cada  una  de 
«llas.  Este  servicio  en  nada  menoscabaria  el  que  se  hace  de  ordinario  por  el 
tel^grafo;  porque,  si  se  conviene  en  que  el  cambio  de  comunicaciones  se  bags 
previo  acuerdo  y  a  un  mismo  tiempo,  usando  para  ello  d^  Cddigo  Intmiadonal 
u  otro  que  se  formule  con  este  objeto,  mediante  signos  convendonales,  el  estado 
4le\  tiempo  por  elementos  necesarios  para  la  predicd6n  de  ^ste,  podria  det^mi- 
narse  con  menos  dificultad. 

Las  innumerables  consecuencias  prActicas  que  se  dedudrfan  de  este  cambio 
•de  comunicaciones,  a  nadie  se  ocultan,  sobre  todo  si  se  lo  efectda  por  la  tarde,  y 
adoptando  para  ello  la  bora  intemadonaL 

Mas,  por  lo  que  toca  a  la  Repdblica  del  Ecuador,  nos  complacemos  en  In- 
formar  al  Gongreso  Oientfflco  que  algunos  ensayos  de  esta  naturaleza  se  ban 
•efectuado,  merced  al  ilustrado  Director  General  de  Tel^grafos,  Sr.  Guillermo 
Destruge ;  y,  en  yirtud  de  estos  ensayos,  no  es  inverosfmil  que  despu^  de  poco 
tiempo,  y  tan  pronto  como  todas  las  estadones  sean  instaladas,  se  establezca, 
definitivamente,  el  servido  de  telegramas  meteorol6gicos.  Para  llegar  a  este 
resultado  el  Sr.  Luis  O.  Tuflfio,  Director  del  Observatorio  Astrondmico  de  Quito, 
prepara  instrucdones  meteorol6gica8  espedales,  por  las  que  el  sorvido  de  in- 
formad6n  sea  r&pido  y  predso. 

Greemos  del  caso  que  lo  propio  debiera  hacerse  en  Jas  dem&s  nadones  del 
•continente  americano,  siempre  que  se  adopte  un  mismo  c6digo,  a  fin  de  que  el 
•servicio  internadonal  y  del  pais  sea  simultAneo. 

Si  esto  se  realiza,  la  prevision  probable  del  tiempo  serd  un  probl^na  cuya 
resoluci6n  satisfarA  a  los  intereses  del  mundo  cientffico;  pues  los  nuevos  in- 
ventos  y  sus  aplicaciones  ban  becho  hoy  mAs  extenso  el  estrecho  rednto  en  que 
se  crefa  encerrada  la  meteorologla.  De  este  modo  los  servidos  que  pueden 
prestar  los  observatorios  son  innumerables;  porque,  estudiando  el  cllma  de  nn 
lugar,  el  cual  dq)ende  como  hemos  visto,  adn  de  las  condiciones  topogrdflcas 
del  terrene,  se  podrd  inferir  sin  grande  esfuerzo,  el  tiempo  probable  en  ^pocas 
posteriores,  en  virtud  de  leyes  boy  descubiertas ;  para  lo  que  es  absolutamente 
indispensable  el  establedmiento  de  redes  meteorol6gicas. 

Refarma  importante. — ^Dadas  las  actuales  tendencias  de  la  meteorologla 
moderna,  estamos  muy  decididos  a  poner  en  prdctica  como  complemento  de  las 
•observadones  meteorol6gicas  relacionadas  con  la  agricultura,  d  s^rido  dd 
Oeraundgrafo,  por  medio  del  cual  se  anuncian  hoy  las  t^npestades,  por  medio 
<le  un  receptor  de  telegrafla  sin  hilos,  que  facilita  registrar  las  ondas  hertzianas 
producidas  por  las  chispas  d^tricas  de  las  tempestades,  sea  cual  fnere  la  dis- 
tancia  de  ^tas  respecto  al  observador.  Mr.  A.  Turpain  en  su  obra  **La  T€l^ 
innphie  tans  fiT*  explica  b!en  el  procedimiento  o  el  modo  de  empleo  del  aparata 

Hasta  poco  ha,  todos  ban  seguido  el  estudio  del  desarrollo  de  un  temporal,  dd 
movimiento  del  bar6metro,  coloraci6n  de  las  nubes  y  direcddn  de  los  cirrus,  la 
bumedad  y  temperatura  en  las  investigadones  para  la  predicd6n  probable  dd 
tiempo ;  pero  boy  los  resultados  llegan  a  un  mftximum  de  prot>abilidad.  apllcando 
las  reglas  de  Mr.  Guilbert,  cuya  prdctica  no  descuidaremos,  a  medida  que  vayan 
orgnnizdndose  las  estadones  secundarias  a  que  nos  referimos,  las  que  tieoe^ 
^ue  producir  tantas  ventajas  a  la  agricultura,  a  la  Industria  y  al  comerdo. 
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OeofiHca* — I*,  MagneiUmo. — ^Rememorar  ahora  las  nimieroBas  razones  con  que 
lo8  Directores  del  Observatorio  ban  Justificado  la  Importancia  de  la  Inauguracidn 
de  una  seccl6n  para  el  estudlo  del  magnetlsmo  terrestre,  WNia,  apartane  dd 
objeto  de  nuestra  tests.  Con  todo,  no  se  puede  ecbar  en  olvido  la  estrecba 
relacl6n  que  el  magnetlsmo  terrestre  guarda  con  las  demds  clenclas. 

Asl  flguran,  entre  otras,  la  astronomfa«  la  flslca,  la  meteorologfa  y  la  geo- 
logfa  rnisma.  iC6mo  se  podrfan  estudlar  las  perturbaclones  y  variaclones 
magn^tlcas,  sin  relacionarlas  con  la  influenda  del  sol  y  de  la  luna,  apUcando 
prlnciplos  que  en  la  mecAnica  general  abundan?  iC6mo  sumlnistrar  un  dato 
posltlvo  y  seguro  de  magnetlsmo  terrestre,  si  nada  ezlste  para  poder  comblnar 
estas  Investigadones  con  las  propledades  de  gases  enrarecldos,  accl6n  de  los 
rayos  solares,  varlaclones  de  presldn,  temperatura  y  bumedad?  Dede  el  slglo 
XIX  en  que  Arago  anuncid  la  varlacl^n  diurna  de  las  decllnadones,  las  Investiga- 
dones magn^tlcas  tienen  hoy  dia  tal  Incremento  que  no  bay  pals  alguno  en  el 
mundo  entero  donde  no  exlsta,  por  lo  menos  una  estacldn  magn^tlca. 

Exlsten  en  el  Observatorio  algunos  Instrumentos  utlllzables,  como  son:  un 
gran  teodoUto  de  Bamberg,  slstema  Lamont;  un  inclln6metro  de  induccldn, 
segt&n  Weber;  un  galvandmetro  de  espejo  de  Carl;  un  pequefio  galvan6metro 
vertical  de  Siemens  y  Halske;  un  varl6metro  de  Secretin,  slstema  Gamby;  y 
una  brtijula  de  Breltbaupt 

Estos  Instrumentos  serdn  pr6xlmamente  Instalados,  sea  en  Icblmbia,  sea  en 
Panecillo,  lugares  apartados  de  la  ciudad. 

2*.  Sismologia, — ^En  el  Observatorio  funclonan  los  dos  Instrumentos  horl- 
zontales,  slstema  Bosch,  que  dan  las  dos  componentes  borlzontales.  En  nuestra 
intencldn  estd  el  dar  a  conocer  al  ptlbllco  nuestros  esfuerzos,  relatlvos  a  una 
lnformad6n  completa  que  satlsfaga,  como  es  natural,  sus  exlgencias.  De  aqui 
que  hayamos  crefdo  conveniente  Instalar  una  red  slsmogrdfica  en  tres  puntos 
principales  de  la  Repdbllca. 

Sin  este  medio  mal  podrfamos  emprender  Investigadones  en  esta  clase  de 
estudios,  que  demandan  considerable  acoplo  de  datos  cientfficos. 

La  dencia  slsmol6gica  puede  encontrar,  por  la  naturaleza  del  suelo  ecua- 
toriano,  s61idas  bases  para  su  desarrollo,  si  a  ella  se  unen  la  geologfa  y  sus 
anezaa  De  las  relaciones  que  pueden  establecerse  entre  ellas,  dependen,  en 
la  pr&ctica,  todas  las  consecuendas  titiles  sobre  el  terreno  mismo;  y  de  las 
observaciones  efectuadas  en  el  transcurso  de  derto  lapso  de  tlempo,  las  leyes 
que  resumen  el  progreso  de  las  mismas  clenclas.  Esta  perspectlva  tiene  su 
tlempo  de  desarrollo  y  de  trabajo ;  no  se  realiza  sino  al  cabo  de  muchos  afios ; 
pero  precisa  al  fin  que  nos  proponemos,  no  detenerse  en  los  inconvenlentes  y 
tener  siempre  en  vista  la  ejecucidn  Inmediata  de  nuestro  cometido,  a  fin  de 
prepararnos  del  mejor  modo  posible  a  cuanto  de  nosotros  se  exlja  en  previsl6n 
de  la  evolud6n  dentlfica  en  el  Ecuador. 

En  un  corto  ntimero  de  afios,  dice  el  Gonde  de  Montessus  de  Ballore,  la 
sismologia  ha  construfdo  sus  m^todos,  estableddo  un  cuerpo  de  doctrlnas, 
inventado  aparatos,  ediflcado  Observatorios,  traspnsando  con  mucho  las 
fronteras  de  la  Geologfa  y  Meteorologfa.  ♦  ♦  ♦  iQul^n  podria,  pues,  medlr 
y  limitar  sus  adelantos  futures?  Y  ^qul^n  sabrfa  barruntar  los  beneficios 
que  la  humnnidad  podrfa  obtener  de  un  conoclmiento  exacto  del  mfts  terrible, 
tal  yez,  de  los  fiagelos  que  la  afiigeli? 

Es  por  esto  que,  en  virtud  de  la  exposid6n  matem&tica  brillantemente 
demostrada  en  1906  por  Mr.  A.  OrlofT,  Astr6nomo  de  la  Universidad  de  Dor- 
pat,  relativa  al  modo  de  estudlar  con  mayor  exactitud  los  movimientos  micro- 
fifsmicos,  Juzgamos  necesario  que  en  el  Observatorio  de  Quito  se  instale  este 
servicio  al  modo  como  se  ha  hecho  en  el  Observatorio  de  Michigan  y  del 
Bbro,  con  instrumentos  completos  y  modemoa 
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El  Observatorio  de  Quito  forma  parte  de  la  Asociacidn  Si8mol6glca  Interna* 
clonal,  y  es  predBo  que  contribuya  con  sua  trabajos,  que  en  vlrtud  de  la 
decision  illUma  que  se  public^  en  Roma  el  alio  1900,  deben  remitlrse  a  Buda* 
pest,  en  donde  se  ha  creado  una  ofidna  especial  para  estudlar  todos  los 
temblores  conforme  a  los  m^todos  propuestos  por  el  sablo  Konesligethy. 

Por  de  pronto  creemos  necesarlo  que  en  el  Ecuador  se  establezca  un  slstema 
especial  de  informacl6n  por  medio  del  tel^grafo. 

Una  lnformaci6n  sumaria  sobre  el  cardcter,  Intensidad,  direcci6n  y  lugar 
de  los  mismos  en  la  Repiiblica  se  impone  como  necesaria  para  completar  so 
estudio  con  los  registrados  por  el  p^ndulo  horizontal  Bosch. 

Estudios  de  esta  clase  demandan  dertamente  la  contingencia  de  muchos; 
por  eso  nuestros  esfuerzos  tlenden  cada  vez  a  concretar  todos  los  medios 
adecuados,  a  fin  de  dar  mayor  Impulso  a  los  trabajos  que  se  ban  Iniciado. 
Esto  por  una  parte;  por  otra,  menester  es  que  se  lleve  al  terreno  de  la 
pr&ctica  el  plan  que  ahora  se  sigue  con  las  observaciones  de  Astronomla^ 
geoffsica  y  meteorologfa. 

Dando  a  los  trabajos  esta  extensidn,  no  hay  duda  que  la  meteorologia 
agrlcola  y  forestal  tiene  que  progresar;  y  para  ello  la  Gonferencia  que  tuvo 
lugar  en  Viena,  en  septiembre  de  1880,  ya  recomendd  el  siguiente  programa 
de  investigaciones : 

1*.  Influencla  de  los  elementos  meteorol6gicos  sobre  la  vegetacidn; 

2*.  Viceversa,  influencia  de  la  vegetad^n  sobre  los  elementos  meteorol6gicos ; 

3*.  Anuncios  del  tiempo  para  utilidad  de  la  agricultura. 

Es  as(  c6mo  tenemos  a  honra  presentar  al  Segundo  Gongreso  Cientifico 
Panamericano  nuestro  modesto  contingente  como  corresponde  a  la  Importancia 
de  la  meteorologia  agrfcola  en  las  naciones,  prindpalmente  en  el  £k!uador, 
cuya  exuberancia  nadle  Ignora;  y  de  paso,  hemos  tambi^n  manifestado  el  fin 
que  persigue  el  Observatorio  de  Quito  con  el  estudio  de  las  mutuas  relaclones 
entre  los  distintos  elementos  de  la  ffsica  cdsmica. 

The  Chairman.  I  now  wish  to  mention,  though  it  is  hardly  a 
matter  of  the  proceedings  of  the  section,  that  a  number  of  us  hare 
talked  over  the  forming  of  some  sort  of  a  permanent  Pan  American 
association.  I  think  the  subject  is  a  very  important  one,  and  it  is 
believed  that  we  may  be  able,  by  means  of  an  association  of  that  sort, 
to  bring  about  some  of  the  results  comprehended  in  the  resolutions 
adopted  this  morning  in  a  way  that  perhaps  will  not  so  easily  come 
about  without  some  outside  aid.  Now,  it  is  recognized  that  any- 
thing like  the  formation  of  an  association  is  not  a  part  of  the  work 
of  the  Pan  American  Congress.  I  am  simply  taking  this  oppor- 
tunity to  mention  to  the  members  present  that  the  organization  of 
such  an  association  seems  desirable.  I  may  say  that  this  proposal 
has  been  strongly  favored  by  Dr.  Arctowski,  who  is  very  much  inter- 
ested in  it.  The  objects  of  such  a  study  have  been  outlined  in  a  note 
that  I  have  before  me,  as  follows: 

To  promote  the  study  of  atmospheric  and  geophysical  phenomena  and  unite 
the  efforts  of  those  who  in  the  Republics  of  South,  Central,  and  North  America 
should  like  to  make  meteorological,  hydrographic,  and  seismological  observatlona 

To  further  the  organization  of  official  meteorological  services,  and  unify  by 
way  of  international  conferences  the  methods  employed,  and  ultimately  to 
combine  into  one  homogeneous  system  the  results  obtained. 
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That  gives  you  an  idea  of  what  an  association  might  be  able  to 
accomplish,  and  I  think  we  have  a  few  minutes  after  this  meeting 
adjourns  to  talk  this  matter  over.  Possibly  those  who  are  interested 
in  the  organization  of  such  a  society  can  arrange  for  another  meet- 
ing, possibly  to-morrow.  I  leave  that  matter  with  you,  gentlemen, 
and  it  seems  to  me  before  closing  that  we  of  this  section  have  enjoyed 
the  facilities  of  a  hall  that  is  unequaled  anywhere  in  the  city  for 
just  such  a  meeting  as  this  and  just  such  an  audience  as  this,  and  I 
would  like  to  hear  a  motion  of  thanks  to  the  Carnegie  Institution 
for  their  great  courtesy  in  giving  us  this  splendid  lecture  room 
throughout  the  two  weeks  of  the  session. 

Mr.  SiOTH.  Mr.  Chairman,  I  make  such  a  motion. 

The  motion  was  seconded. 

The  Chairman.  It  is  moved  and  seconded  that  a  vote  of  cordial 
thanks  be  sent  to  the  Carnegie  Institution  for  the  use  of  the  lecture 
room  and  facilities  for  the  meetings  of  the  subsection  on  meteorology 
and  seismology.  The  resolution  will  carry  with  it  the  understanding 
that  the  secretary  of  the  subsection  will  notify  the  institution  of  the 
passage  of  the  resolution. 

The  motion  was  unanimously  agreed  to. 

Dr.  Lurquin  addressed  the  chairman  in  Spanish. 

Mr.  RivAS.  Prof.  Lurquin  asks  me  to  state  what  he  has  said.  On 
behalf  of  his  associates  from  the  Latin- American  countries  he  wishes 
to  thank  the  representatives  of  the  Government  of  the  United  States 
for  the  courtesies  that  have  been  extended  to  the  Latin-American 
delegates  to  this  section,  and  he  wishes  their  thanks  extended  also 
to  Prof.  Marvin  and  to  Dr.  Woodward  and  to  the  delegates  from 
the  United  States  for  the  courtesies  and  civilities  that  have  been 
extended  to  them. 

The  Chairman.  We  thank  you  very  much.  I  think  our  secre- 
tary will  transmit  these  remarks  of  thanks  to  Dr.  Woodward  and  to 
the  trustees  of  the  Carnegie  Institution.  The  meeting  of  this  section 
is  now  adjourned. 

Adjournment  sine  die  of  subsection  B  and  of  Section  II. 
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